Handbook of Forensic Medicine

Handbook of Forensic Medicine
Edited by
Burkhard Madea
Institute of Forensic Medicine
University of Bonn
Bonn, Germany

This edition first published 2014 © 2014 by John Wiley & Sons, Ltd.
Wiley Blackwell is an imprint of John Wiley & Sons, formed by the merger of Wiley’s global Scientific, Technical and
Medical business with Blackwell Publishing.
Registered office: John Wiley & Sons, Ltd, The Atrium, Southern Gate, Chichester, West Sussex, PO19 8SQ, UK
Editorial offices: The Atrium, Southern Gate, Chichester, West Sussex, PO19 8SQ, UK
        9600 Garsington Road, Oxford, OX4 2DQ, UK
        111 River Street, Hoboken, NJ 07030-5774, USA
For details of our global editorial offices, for customer services and for information about how to apply for permission
to reuse the copyright material in this book please see our website at www.wiley.com/wiley-blackwell.
The right of the authors to be identified as the authors of this work has been asserted in accordance with the UK
Copyright, Designs and Patents Act 1988.
All rights reserved. No part of this publication may be reproduced, stored in a retrieval system, or transmitted, in any
form or by any means, electronic, mechanical, photocopying, recording or otherwise, except as permitted by the UK
Copyright, Designs and Patents Act 1988, without the prior permission of the publisher.
Designations used by companies to distinguish their products are often claimed as trademarks. All brand names and
product names used in this book are trade names, service marks, trademarks or registered trademarks of their
respective owners. The publisher is not associated with any product or vendor mentioned in this book.
Limit of Liability/Disclaimer of Warranty: While the publisher and author(s) have used their best efforts in preparing
this book, they make no representations or warranties with respect to the accuracy or completeness of the contents of
this book and specifically disclaim any implied warranties of merchantability or fitness for a particular purpose. It is
sold on the understanding that the publisher is not engaged in rendering professional services and neither the publisher
nor the author shall be liable for damages arising herefrom. If professional advice or other expert assistance is required,
the services of a competent professional should be sought.
Library of Congress Cataloging-in-Publication Data
Handbook of forensic medicine / edited by Burkhard Madea, Institute of Forensic Medicine, University of Bonn, Bonn,
Germany.
    pages    cm
Includes bibliographical references and index.
ISBN 978-0-470-97999-0 (cloth: alk. paper) – ISBN 978-1-118-57060-9 (emobi) – ISBN 978-1-118-57062-3 (epub)
– ISBN 978-1-118-57063-0 (epdf) – ISBN 978-1-118-57065-4 (ebook) 1. Medical jurisprudence – Handbooks,
manuals, etc. I. Madea, B. (Burkhard), editor.
RA1051.H25 2013
614'.1–dc23
2013029866
A catalogue record for this book is available from the British Library.
Wiley also publishes its books in a variety of electronic formats. Some content that appears in print may not be
available in electronic books.
Cover design by Steve Thompson.
Front cover images: Scales of justice, istock © pixhook; Human cells under fluorescent microscope, istock
© dra_schwartz; Test tube rack in a laboratory, istock © Pgiam; Comparative DNA analysis, istock
© Zmeel Photography; “Dust bunny” under the microscope, istock © dwaugh.
Back cover photograph: © Benjamin Nauleau.
Set in 10/12 pt Minion by Toppan Best-set Premedia Limited
1

2014

Brief Contents

Contents

ix

List of Contributors

xix

Preface

xxii

Foreword by Duarte Nuno Vieira

xxiii

8

1

Duties of Forensic
Medicine in Modern
Societies

History of Forensic Medicine

9

Duties of Forensic Medicine

1

Forensic Medicine and Human Rights
International Guidelines and
Accreditation in Forensic Medicine

11

13

5

Nature and Definition of Death
Certification of Death: External
Postmortem Examination
Postmortem Changes and Time
Since Death
Burkhard Madea, Claus Henssge,
Saskia Reibe, Michael Tsokos and
Gerhard Kernbach-Wighton

Anthropology and Osteology
Mass Disaster Victim Identification

PART III
34

14

171
192

Traumatology and
Violent Death

Legal Aspects of Traumatology
and Violent Death

201
203

Philip Beh

47
49

Traumatology and Criminology

207

Philip Beh

16

Introduction to Some
Biomechanical Principles

211

Heinz-Dieter Wehner

57

17

Burkhard Madea and Antonella Argo

7

166

18

Burkhard Madea

6

Transplantation

Ruediger Lessig and Mechthild Prinz

15

Medical Aspects of Death

161

Cristina Cattaneo and Daniele Gibelli

15

Peter Wiegand, Burkhard Madea and
Frank Musshoff

PART II

The Doctor, the Dead and Their
Relatives

Gerhard Kernbach-Wighton

12

Hans Petter Hougen

4

138

Peter J. T. Knudsen, Jørgen L. Thomsen,
Garyfalia Ampanozi and Michael J. Thali

3

Burkhard Madea and
Gerhard Kernbach-Wighton

3

Autopsy

Gerhard Kernbach-Wighton

Burkhard Madea

2

134

Claas T. Buschmann and Michael Tsokos

10

PART I

Cremation

Sequelae of Traumatic Injuries
and Causes of Death

216

Guy Rutty and Michael Tsokos

75

18

Vital Reactions and Wound
Age Estimation
Burkhard Madea, Wolfgang Grellner and
Toshikazu Kondo

237

vi

19

Mechanical Trauma and
Classification of Wounds

BRIEF CONTENTS

253

Burkhard Madea, Stefan Pollak, Annette
Thierauf, Christoph Meissner, Manfred
Oehmichen and Peter Mygind Leth

20 Forensic Ballistics: Injuries from
Gunshots, Explosives and Arrows

33

Injuries due to Asphyxiation
and Drowning

367

Wolfgang Keil, Philippe Lunetta,
Richard Vann and Burkhard Madea

22 Injuries due to Heat
Injuries due to Cold

34 Postmortem Biochemistry as an
Aid in Determining the Cause
of Death

451

35

468

599

630

Sudden and Unexpected Deaths
in Infants and Sudden Infant
Death Syndrome

647

Thomas Bajanowski and
Mechtild M. Vennemann

Burkhard Madea

24 Electrocution and Lightning

Natural Causes of
Sudden Death

597

Gerhard Kernbach-Wighton and
L. Aurelio Luna

Burkhard Madea

23

Sudden and Unexpected
Death from Natural
Causes

Emanuela Turillazzi, Stefania Bello
and Vittorio Fineschi

328

Bernd Karger

21

PART IV

477

Ryan Blumenthal

25 Starvation and Neglect

495

Burkhard Madea

26 Infanticide

504

Thomas Bajanowski and
Mechtild M. Vennemann

27

Death during Pregnancy

516

525

37

Medical Malpractice

528
539
545

Burkhard Madea

32

Special Issues Regarding Expert
Evidence in Violent Death
Rainer Amberg, Burkhard Madea,
Jørgen L. Thomsen, Martin
Worm-Leonhard and Paolo Procaccianti

Non-Sexual Abuse in Children

38 Intimate Partner and
Domestic Violence
39

702

746

School Violence

40 Violence Against Homosexuals

757

Gerhard Kernbach-Wighton

41

Violence Against the Elderly

761

John C. Hunsaker III

42 Self-Harm
562

751

Gerhard Kernbach-Wighton

Philip Beh

31

681

Gerhard Kernbach-Wighton

John C. Hunsaker III

30 Sexual Homicide

Sexual Abuse

679

Robert A. Minns, Burkhard Madea
and Gerhard Kernbach-Wighton

Gerhard Kernbach-Wighton and
Burkhard Madea

29 Death in Abnormal Positions:
Physical Restraint

36

Clinical Forensic
Medicine

Cristina Cattaneo, Daniele Gibelli
and Marina Ruspa

Eberhard Lignitz, Gerhard
Kernbach-Wighton and Veronique Henn

28 Auto-Erotic Death

PART V

776

Gerhard Kernbach-Wighton

43 Age Estimation in
Living Individuals
Andreas Schmeling

791

vii

BRIEF CONTENTS

PART VI

Forensic Psychiatry

44 Forensic Psychiatry

811
813

Alan R. Felthous and Henning Saß

PART VII

Toxicology

45 Legal Aspects of Toxicology

54 Effects of Vision and Visual
Fields on Fitness to Drive
55 Effects of Epilepsy on Fitness
to Drive
56

Ilkka Ojanperä and Erkki Vuori

46 Epidemiology and Adverse
Drug Reactions

Suspicion of Poisoning

840

845

57

58 Effects of Alcohol on Fitness
to Drive
59

866

Toxicology of Specific
Substances

Effects of Illegal Drugs on
Fitness to Drive

60 Effects of Medicinal Drugs on
Fitness to Drive
873

889

61

Toxicological Markers of Chronic
Alcohol Abuse

900

62 Traffic Accidents

52 Driving Aptitude and Fitness
to Drive

1087

1099
1108

Heinz-Dieter Wehner and
Gerhard Kernbach-Wighton

PART IX
63

Identification

Forensic DNA Analysis

1141
1143

Mechthild Prinz and Ruediger Lessig

64 Forensic Anthropology

Traffic Medicine

1074

Fritz Pragst

Alan Wayne Jones, Frank Musshoff,
Thomas Kraemer, Andrea E. Schwaninger,
Dimitri Gerostamoulos, Olaf H. Drummer,
Gustav Drasch, Marie A. Balíková,
Jochen Beyer, Helena Teixeira,
Mario Thevis and Wilhelm Schänzer

PART VIII

1057

Eef L. Theunissen, Kim P. C. Kuypers,
Annemiek Vermeeren, Eric F. Vuurman
and Johannes G. Ramaekers

Markus R. Meyer and Hans H. Maurer

51

1044

Frank Musshoff

Gisela Skopp

50 Toxicokinetics and
Toxicogenetics

Epidemiology and Causal Factors
in Fitness to Drive

Alan Wayne Jones

Olaf H. Drummer and
Dimitri Gerostamoulos

49 Issues Affecting Interpretation:
Stability and Artefacts

1036

Günter Berghaus

Robert J. Flanagan, Graham R. Jones,
Hans H. Maurer and Markus R. Meyer

48 Toxicological Analysis: Drug
Screening and Confirmation

Effects of Diabetes on Fitness
to Drive
Wulf Quester

Olaf H. Drummer, Dimitri Gerostamoulos
and Jennifer L. Pilgrim

47

1033

Jürgen Bauer

829
831

1024

Patrick Vivell

1184

Cristina Cattaneo and Daniele Gibelli

995
65

Forensic Odontology

1193

Ruediger Lessig

997

Günter Berghaus and Eva Schnabel

53

Effects of Cardiovascular
Disease on Fitness to Drive
Werner Jung

PART X
1011

66

The Doctor and the Law

The Doctor and the Law
Brigitte Tag

1205
1207

viii

PART XI Insurance Medicine
67

Personal Injury Assessment

BRIEF CONTENTS

1239
1241

Teresa Magalhães and Duarte Nuno Vieira

Further Reading

1253

Burkhard Madea

Index

1257

Contents
Brief Contents
List of Contributors

xix

Preface

xxii

Foreword by Duarte Nuno Vieira

xxiii

PART I
1

v

Duties of Forensic Medicine
in Modern Societies

History of Forensic Medicine

1.3
1.4
1.5
1.6
1.7
2

Definitions
Civilisations of the Near East
and China
Justinian enactments
Further developments and
Italian town charters
Forensic medicine as a
book science
Forensic medicine as an
experimental science
Current problems

Duties of Forensic Medicine

1

Forensic Medicine and Human Rights

3
4
7

4

Human rights issues
Torture

International Guidelines and
Accreditation in Forensic Medicine

PART II
5

8
10
13
15

5.1
5.2
6

Introduction
Recommendations for forensic
DNA laboratories based on
ISO/IEC 17025

43

44

47
49
49
51

57

Burkhard Madea and Antonella Argo

6.1
6.2
6.3

18
6.5
6.6

34

6.7

34

6.8
6.9
6.10

37

Death and dying
Determination of death

Certification of Death: External
Postmortem Examination

6.4

18
26

Medical Aspects of Death

Nature and Definition of Death

Peter Wiegand, Burkhard Madea and
Frank Musshoff

4.1
4.2

39

Burkhard Madea

7

Hans Petter Hougen

3.1
3.2

Recommendations for forensic
toxicological laboratories based
on ISO/IEC 17025
Recommendations for forensic
pathology based on
ISO/IEC 17025
Recommendations for clinical
forensic medicine based on
ISO/IEC 17020

3

Burkhard Madea and
Gerhard Kernbach-Wighton

3

4.4

4.5

Burkhard Madea

1.1
1.2

4.3

Introduction
Cause of death
Causes of death as shown by
cause of death statistics
Consistency between cause
of death diagnosis on the
death certificate and
following autopsy
Manner of death
Special constellations of
circumstances in external
postmortem examination
Checklist for the external
postmortem examination
(according to Madea 2006)
Identification of the corpse
Examination of the corpse
Completing the death
certificate

57
58
61

64
65

68

71
71
72
73

x

7

CONTENTS

Postmortem Changes and Time
Since Death

9.5
75

Burkhard Madea, Claus Henssge,
Saskia Reibe, Michael Tsokos and
Gerhard Kernbach-Wighton

7.1

7.2

10.1
75

Later postmortem changes:
decomposition,
91

10.2
10.3

97

10.4

108

10.5

Timing of death, Burkhard
Basic forensic entomology,

116

11

The physician and
the crime scene,
Gerhard Kernbach-Wighton

Transplantation

Cremation

11.1
125
134
11.3

Claas T. Buschmann and
Michael Tsokos

8.1
8.2
8.3

8.4
8.5
9

Short history of cremation
Cremation in the modern day
Process of cremation and
modification of the corpse
during cremation
Remnants of cremation
Conclusions

Autopsy

134
134

135
136
136

11.4

12

138

9.3

162
163
163

13

166
167
168

169
171

Introduction
Preliminary steps
Diagnosis of species
Biological profile: the main
role of anthropology
Facial reconstruction
Geographical origin

171
172
176
177
189
190

Mass Disaster Victim Identification

192

Ruediger Lessig and Mechthild Prinz

140

149

Autopsy report,
Peter J. T. Knudsen and
Jørgen L. Thomsen

166

138

Clinical autopsy,
Peter J. T. Knudsen and
Jørgen L. Thomsen

9.4

12.5
12.6

Medicolegal autopsy,
Peter J. T. Knudsen and
Jørgen L. Thomsen

Regulations and procedures
in Germany
Legal prerequisites and
procedures in the UK
Criteria for the diagnosis of
brain death in the UK
Special forensic medical
aspects of organ donation
and tissue retrieval

Anthropology and Osteology
12.1
12.2
12.3
12.4

Introduction,
Peter J. T. Knudsen and
Jørgen L. Thomsen

9.2

161
161

Cristina Cattaneo and Daniele Gibelli

Peter J. T. Knudsen, Jørgen L. Thomsen,
Garyfalia Ampanozi and Michael J. Thali

9.1

161

Gerhard Kernbach-Wighton

11.2
8

Pronouncing life extinct and
informing the next of kin
about a death
Role of the deceased
Respect for taboos
and propriety
Manner of death and
police investigations
Dealing with the relatives

153

Postmortem injuries,
Michael Tsokos

7.6

The Doctor, the Dead and
Their Relatives
Gerhard Kernbach-Wighton

Saskia Reibe

7.5

10

Burkhard Madea and
Claus Henssge

Madea and Claus Henssge

7.4

Ampanozi and Michael J. Thali

Early postmortem changes,

Burkhard Madea

7.3

Forensic imaging, Garyfalia

152

13.1
13.2
13.3
13.4
13.5
13.6

Introduction
International cooperation
DVI team structure
Standardisation
Forensic odontology standards
Forensic molecular
biology standards

192
193
194
196
196
196

xi

CONTENTS

13.7
13.8

Radiology standards
Chemical biological radioactive
nuclear explosive weapons,
with the assistance of
Markus A. Rothschild and
Klaus-Peter Benedix

13.9

Documentation and
quality management

197

18

Vital Reactions and Wound
Age Estimation

18.1

Vital reactions,
Burkhard Madea

237

18.2

Wound age estimation:
general introduction and
methods, Wolfgang Grellner
Wound age estimation:
molecular biology,

244

Toshikazu Kondo

248

198
198
18.3

PART III
14

Traumatology and
Violent Death

Legal Aspects of Traumatology
and Violent Death

201
19
203

Philip Beh

14.1
14.2
14.3

Definitions
Basic legal principles
Conclusions

237

Burkhard Madea, Wolfgang Grellner and
Toshikazu Kondo

Mechanical Trauma and
Classification of Wounds

253

Burkhard Madea, Stefan Pollak, Annette
Thierauf, Christoph Meissner, Manfred
Oehmichen and Peter Mygind Leth

203
203
206

19.1

Classification of violence

253

Burkhard Madea

15

Traumatology and Criminology

207

19.2

Philip Beh

15.1
15.2
15.3
15.4
15.5
15.6

16

Introduction
Homicide
Non-homicidal events
Suicide
Torture
Homicide, suicide
or accident?

Introduction to Some
Biomechanical Principles

Stefan Pollak and
Annette Thierauf

207
207
209
209
209

19.3

19.4

16.3

17

Introduction
Separation of coherence
through the impact of
tensile stress
Separation of coherence
through the impact of
shear stress

Peter Mygind Leth

211

20 Forensic Ballistics: Injuries
from Gunshots, Explosives
and Arrows

313

328

Bernd Karger

211

20.1
20.2
20.3
20.4

211
21
215

216

Guy Rutty and Michael Tsokos
17.1
Introduction, Guy Rutty

216

Sepsis and multiple organ
failure, Michael Tsokos

283

Sharp force injury,

210

Sequelae of Traumatic Injuries
and Causes of Death

17.2

258

Forensic neuropathology,
Christoph Meissner and
Manfred Oehmichen

Heinz-Dieter Wehner

16.1
16.2

Blunt force injury,

228

Introduction
Firearms
Arrow wounds
Explosive injuries

328
328
361
362

Injuries due to Asphyxiation
and Drowning

367

Wolfgang Keil, Philippe Lunetta,
Richard Vann and Burkhard Madea
21.1
Asphyxiation, Wolfgang Keil
21.2 Drowning, Philippe Lunetta

367
411

21.3

Barotrauma and diving-related
accidents, Philippe Lunetta and
Richard Vann

427

xii

21.4

CONTENTS

Immersion time,
Burkhard Madea

22 Injuries due to Heat

27
440

Eberhard Lignitz, Gerhard
Kernbach-Wighton and Veronique Henn

451

27.1

451
451
460
464

27.2

Burkhard Madea

22.1
22.2
22.3
22.4
22.5
22.6
23

Introduction
Burns from heat
Causes of death from heat
Scalding
Generalised heat damage
and hyperthermia
Diagnosis

Injuries due to Cold

464
466

23.4
23.5
23.6

Introduction
Pathophysiology
Clinical phases
of hyperthermia
Epidemiology
Morphological and
biochemical changes
Criminal aspects

24 Electrocution and Lightning

468
468
469
469
472
474
477

Ryan Blumenthal

24.1
24.2

Electrocution
Lightning

25 Starvation and Neglect

477
487
495

Burkhard Madea

25.1
25.2
25.3
25.4
25.5

Introduction
Clinical and autopsy findings
in starvation
Classification systems
Death from starvation
Physical neglect

27.3
27.4
27.5
27.6

468

Burkhard Madea

23.1
23.2
23.3

Death during Pregnancy

495
495
499
500
502

28 Auto-Erotic Death

Introduction
Stillbirth
Neonaticide
Investigation of mothers
and neonates

516
517
522
522
523
525

28.1
28.2

General aspects
Categorisation of
death cases
28.3 Possible mechanisms
of death
28.4 Typical injuries to male
genitalia and special cases
29 Death in Abnormal Positions:
Physical Restraint

525
525
526
526

528

John C. Hunsaker III

29.1
29.2
29.3
29.4
29.5

Custody and
restraint death
Extrinsic factors
Intrinsic factors
Controversies:
excited delirium
Investigation of death in
custody: restraint and
body position
Certification of death

528
530
534
534

535
536

504
30 Sexual Homicide

Thomas Bajanowski and
Mechtild M. Vennemann

26.1
26.2
26.3
26.4

516

Gerhard Kernbach-Wighton and
Burkhard Madea

29.6
26 Infanticide

Analysis of
maternal mortality
Pregnancy as a physiological
process with specific risks
Maternal death directly
due to gestation
Maternal death indirectly
due to gestation
Iatrogenic maternal death
Maternal death not
due to gestation

516

539

Philip Beh

504
504
506
507

30.1
30.2
30.3
30.4

Introduction
Profiling offenders in a
sex-related homicide
Crime assessment
Conclusions

539
540
541
541

xiii

CONTENTS

31

Medical Malpractice

34.3
34.4

Alterations of liver function
Disturbances of
kidney function
34.5 Water and electrolyte
imbalances
34.6 High excitation
and hypothermia
34.7 Chronic alcoholism
34.8 Anaphylactic shock
34.9 Genetic alterations
34.10 Conclusions

545

Burkhard Madea

31.1
31.2
31.3
31.4
31.5
31.6
32

Introduction
Definitions
Epidemiology
Value of autopsies
New approaches
Conclusions

545
545
546
558
559
559

Special Issues Regarding Expert
Evidence in Violent Death

562

Rainer Amberg, Burkhard Madea,
Jørgen L. Thomsen, Martin
Worm-Leonhard and Paolo Procaccianti

32.1

Priority and order of injuries,
Rainer Amberg

32.2

32.4

Postmortem mutilation,
Rainer Amberg and
Burkhard Madea

565

35.3

Alcohol-related deaths,

33

566

35.4

Death due to drug addiction,

Sudden and Unexpected
Death from Natural
Causes

Natural Causes of Sudden Death

35.5

577
587

PART V
36

597
599

Introduction
Sudden infant death
syndrome
Other main causes of
death in SUDI cases and
during childhood
Practical investigation
of SUDI/SIDS
Conclusions

Introduction
599
Cardiac causes of sudden death 599
Non-cardiac causes of
sudden death
614

37

Gerhard Kernbach-Wighton and
L. Aurelio Luna

Introduction
Glucose metabolism and
diabetes mellitus

630

Sexual Abuse

647

647
649

661
666
668

679
681

Introduction
Examination of the victim
Sexually transmitted
infections
36.4 Toxicological analysis
36.5 Legal outcome
36.6 Juvenile pornography
Appendices

695
696
697
697
697

Non-Sexual Abuse in Children

681
681

702

Robert A. Minns, Burkhard Madea and
Gerhard Kernbach-Wighton

37.1
633

Clinical Forensic Medicine

36.1
36.2
36.3

34 Postmortem Biochemistry as an Aid
in Determining the Cause of Death
630

34.1
34.2

641
641
641
641
642

Cristina Cattaneo, Daniele Gibelli
and Marina Ruspa

Emanuela Turillazzi, Stefania Bello and
Vittorio Fineschi

33.1
33.2
33.3

640

Mafia-related deaths,
Paolo Procaccianti

PART IV

638

Thomas Bajanowski and
Mechtild M. Vennemann

35.1
35.2

Jørgen L. Thomsen and
Martin Worm-Leonhard

32.6

Sudden and Unexpected Deaths
in Infants and Sudden Infant
Death Syndrome

562

Jørgen L. Thomsen

32.5

562

Physical activity after injuries
and survival times, Rainer
Amberg and Burkhard Madea

32.3

35

637

Non-accidental head injury in
children, Robert A. Minns

702

xiv

37.2

CONTENTS

Child abuse, Burkhard Madea
and Gerhard Kernbach-Wighton

38 Intimate Partner and
Domestic Violence

725

746

41.4
41.5
41.6
41.7

Mimics of elder abuse
Clinical evaluation in
living patients
Medicolegal investigations
Conclusions

766
767
768
772

Gerhard Kernbach-Wighton

38.1
38.2
38.3
38.4
38.5
38.6
38.7

39

Introduction
Causes and reasons for
domestic violence
Effects and consequences of
domestic abuse
The cycle of violence
Diagnostic procedures
Human immunodeficiency
virus and domestic abuse
Challenges facing
older women

School Violence

746

39.3

39.4

Introduction
Statistical data from
various countries
Motives and reasons for
school violence and
its identification
Prevention and interventional
procedures

42.1

747
748
748

42.2

42.3
748
749
751

42.4

Introduction
Characteristics of
gay violence
40.3 Violence in straight versus
homosexual relationships
40.4 Problems with statistical
data and underlying causes
41

Violence Against the Elderly

751

43.1
43.2

752
43.3
753

43.4
43.5

753
757

41.3

Introduction
Definition and scope of
elder mistreatment
Types of abuse of the elderly

776

778
787
791

43.7

Introduction
Age estimation in adolescents
and young adults
Influence of ethnicity
on development
Expert reports
Age estimation in child
pornographic images
Age estimation in old age
proceedings
Quality assurance

791
792
801
803
804
804
804

757
757
758
758
761

John C. Hunsaker III

41.1
41.2

776

Andreas Schmeling

Gerhard Kernbach-Wighton

40.1
40.2

Definitions, phenomenology
and underlying causes
Historical aspects,
epidemiology and
statistical data
Classification and
phenomenology of
self-harm groups
Diagnostic procedures

43 Age Estimation in Living Individuals

43.6
40 Violence Against Homosexuals

776

Gerhard Kernbach-Wighton

747

Gerhard Kernbach-Wighton

39.1
39.2

42 Self-Harm

761
761
763

PART VI Forensic Psychiatry

811

44 Forensic Psychiatry

813

Alan R. Felthous and Henning Saß

44.1
44.2

Definitions
Inquisitorial versus
adversarial legal systems
44.3 Forensic psychiatry
examinations
44.4 Civil law, competencies
and general legal
competency
44.5 Competencies in criminal law

813
814
815

816
817

xv

CONTENTS

44.6 Criminal responsibility
44.7 Forensic security hospitals
44.8 Formal education in
the subspeciality of
forensic psychiatry
44.9 Conclusions

PART VII

Toxicology

45 Legal Aspects of Toxicology

819
824

Introduction
Administrative issues
Abused and controlled
substances
45.4 Postmortem toxicology
45.5 Clinical forensic toxicology
45.6 Doping
45.7 Sabotage, terrorism and
chemical warfare
46 Epidemiology and Adverse
Drug Reactions

824
825

829
831
831
831
833
834
835
837
837

840

Olaf H. Drummer, Dimitri Gerostamoulos
and Jennifer L. Pilgrim

46.1
46.2

Introduction
Adverse drug reactions and
side effects
46.3 Inherent toxicity of
a substance
46.4 Epidemiology
46.5 Evidence basis for toxicity
46.6 Conclusions

866

Olaf H. Drummer and
Dimitri Gerostamoulos

Ilkka Ojanperä and Erkki Vuori

45.1
45.2
45.3

48 Toxicological Analysis: Drug
Screening and Confirmation

840
840
841
841
841
843

48.1 Introduction
48.2 Screening and
confirmation tests
48.3 Isolation step
48.4 Instrumentation used in
forensic toxicology
48.5 Analytical methods
48.6 Method performance
49 Issues Affecting Interpretation:
Stability and Artefacts

866
867
867
868
869
870
873

Gisela Skopp

49.1
49.2

Introduction
Definition of stability and
common causes of instability
and artificial formation
49.3 Stability of drugs and
potential artefacts
49.4 Sampling artefacts and
measures to increase
drug stability
49.5 Influence of storage
49.6 Instability of drugs and
artificial formation during
processing and analysis
49.7 Procedures for evaluating
stability and artefacts
49.8 Conclusions
50 Toxicokinetics and Toxicogenetics

873

873
875

878
881

882
883
885
889

Markus R. Meyer and Hans H. Maurer

50.1
47

Suspicion of Poisoning

845

Robert J. Flanagan, Graham R. Jones,
Hans H. Maurer and Markus R. Meyer

47.1

Diagnosis of acute poisoning,
Robert J. Flanagan

47.2

Graham R. Jones

47.3

845

Specimen collection for
forensic toxicology,
856

Clinical signs and syndromes
in intoxication, Hans H. Maurer
and Markus R. Meyer

862

Introduction and the
LADME principle
50.2 Basic kinetic parameters
50.3 Toxicokinetics and
toxicogenetics in forensic
and clinical toxicology
50.4 Release
50.5 Absorption
50.6 Distribution
50.7 Metabolism
50.8 Excretion
50.9 Conclusions

889
890

892
892
892
894
895
899
899

xvi

51

CONTENTS

Toxicology of Specific Substances

900

Alan Wayne Jones, Frank Musshoff, Thomas
Kraemer, Andrea E. Schwaninger, Dimitri
Gerostamoulos, Olaf H. Drummer, Gustav
Drasch, Marie A. Balíková, Jochen Beyer,
Helena Teixeira, Mario Thevis and
Wilhelm Schänzer
51.1
Alcohols, Alan Wayne Jones
900
51.2 Illegal drugs, Frank Musshoff
918

51.3

51.5
51.6

54.1
54.2
54.3
54.4
54.5
54.6

932

Narcotics and other analgesics,
Dimitri Gerostamoulos and
Olaf H. Drummer
Toxic elements, Gustav Drasch
Marie A. Balíková

Natural poisons, Jochen Beyer
Pesticides and insecticides,

51.9

Helena Teixeira
Doping, Mario Thevis and
Wilhelm Schänzer

1024
1024
1029
1030
1031
1031

1033

Jürgen Bauer

943
947
955
961

55.1
55.2
55.3
55.4

966

55.5

972

Introduction
Problems with vision
Visual field disorders
Condition after an
eye operation
Problems of vision
in older motorists
Effects of visual deficiencies

55 Effects of Epilepsy on Fitness
to Drive

Solvents and gaseous poisons,

51.7
51.8

1024

Patrick Vivell

Sedatives and hypnotics,
Thomas Kraemer and
Andrea E. Schwaninger

51.4

54 Effects of Vision and Visual Fields
on Fitness to Drive

General rules
Background
Legal aspects
Epilepsy and general
road safety
Outlook

56 Effects of Diabetes on Fitness
to Drive

1033
1033
1034
1034
1034
1036

Wulf Quester

PART VIII Traffic Medicine
52 Driving Aptitude and Fitness
to Drive

56.1
56.2
56.3

995
997

Günter Berghaus and Eva Schnabel

52.1
52.2
52.3
52.4

53

Introduction
Definitions and
operationalisation
Factors influencing driving
aptitude and fitness to drive
Assessment of driving
aptitude and fitness to drive

Effects of Cardiovascular Disease
on Fitness to Drive

997

53.3
53.4
53.5
53.6

Introduction
Derivation of the risk of
harm formula
Coronary heart disease
Arrhythmias
Syncope
Heart failure

56.5

998
1001
1005

1011

Werner Jung

53.1
53.2

56.4

57

1036
1037
1039
1041
1042

Epidemiology and Causal Factors in
Fitness to Drive
1044
Günter Berghaus

57.1
57.2
57.3

1011
1012
1013
1014
1018
1020

Classification of diabetes
Stages of diabetes
Driving and treatment
of diabetes
Driving performance
and diabetes
Therapeutic aspects for
driving safely with diabetes

Introduction
Epidemiological methods
Examples of
epidemiological studies

58 Effects of Alcohol on Fitness
to Drive

1044
1044
1047
1057

Alan Wayne Jones

58.1
58.2

Introduction
Medicolegal alcohol
determination

1057
1059

xvii

CONTENTS

59

58.3 Characteristics of offenders
58.4 Amounts of alcohol consumed
58.5 Alcohol consumption and
crash risk
58.6 Alcohol tolerance
58.7 Conclusions

1063
1066
1066
1069
1070

Effects of Illegal Drugs on Fitness
to Drive

1074

Frank Musshoff

59.1
59.2
59.3
59.4

Introduction
Problems regarding
epidemiological data
Effects of drugs on driving
Forensic toxicological analyses

60 Effects of Medicinal Drugs on
Fitness to Drive

60.3
61

Introduction
Medicinal drugs that
impair driving
Conclusions

Toxicological Markers of Chronic
Alcohol Abuse

61.3
61.4
61.5

Introduction
Overview and characteristics
of alcohol biomarkers
Biomarkers of
alcohol consumption
Detection of chronic excessive
alcohol consumption
Control of abstinence

62 Traffic Accidents

Mass disasters,

1127
1130

1141

63

1143

Forensic DNA Analysis
Mechthild Prinz and Ruediger Lessig

63.1

Stain analysis,
1143

Mechthild Prinz

63.2

Paternity testing, Ruediger
1165

Lessig and Mechthild Prinz

64 Forensic Anthropology
1087

64.3

1087
1088
1096

1184

Cristina Cattaneo and Daniele Gibelli

64.1
64.2

65

Introduction
Identification of
human remains
Identification of the living

1184
1185
1188

Forensic Odontology

1193

Ruediger Lessig

65.1
65.2
65.3
65.4

1099
1099

65.5

Introduction
Dental charting
Age estimation
Identification of an
unknown person
Bite marks

1193
1193
1195
1197
1199

1099
1101

PART X The Doctor and the Law
66

1104
1105
1108

1108
1117
1120

1205

The Doctor and the Law

1207

Brigitte Tag

66.1
66.2
66.3

Suicide while driving,
Gerhard Kernbach-Wighton

1121

PART IX Identification

1075
1076
1081

Sudden death while driving,
Gerhard Kernbach-Wighton

62.3

62.6

Road traffic accidents,
Heinz-Dieter Wehner

62.2

Aircraft accidents,

Gerhard Kernbach-Wighton

1074

Heinz-Dieter Wehner and
Gerhard Kernbach-Wighton

62.1

62.5

Gerhard Kernbach-Wighton

Fritz Pragst

61.1
61.2

Railway accidents,
Gerhard Kernbach-Wighton

Eef L. Theunissen, Kim P. C. Kuypers,
Annemiek Vermeeren, Eric F. Vuurman
and Johannes G. Ramaekers

60.1
60.2

62.4

66.4
66.5

Legal relevance of
medical treatment
Legal aspects of
personalised medicine
Assisted suicide and organised
medically assisted suicide
Research on corpses
Legal and ethical aspects
concerning the handling of
corpses and the display of
human remains

1207
1215
1224
1228

1232

xviii

CONTENTS

PART XI Insurance Medicine
67

Personal Injury Assessment

1239
1241

Teresa Magalhães and Duarte Nuno Vieira

67.1
67.2
67.3

Introduction
Aim of personal injury
assessment and reparation
General aspects for forensic
medical assessment

67.4

1241
1242
1243

67.5

Specifics of forensic medical
reports for personal injury
assessment
Conclusions

Further Reading

1246
1251
1253

Burkhard Madea

Index

1257

Contributors

Amberg, Rainer, Wallstr. 20, Freiburg, Germany;
rechtsmed@freenet.de
Ampanozi, Garyfalia, University of Zurich IRM/Forensic
Institute, Zurich, Switzerland; garyfalia.ampanozi@irm.uzh.ch
Argo, Antonella, Department of Biotechnology and Legal
Medicine, Section of Legal Medicine, Palermo, Italy;
antonella.argo@libero.it
Bajanowski, Thomas, Institute of Legal Medicine, University
of Duisburg-Essen, Essen, Germany;
thomas.bajanowski@uk-essen.de
Balíková, Marie A., Institute of Forensic Medicine and
Toxicology, First Faculty of Medicine and General Teaching
Hospital, Charles University, Prague, Czech Republic;
mbali@lf1.cuni.cz
Bauer, Jürgen, Department of Epileptology, University
Hospital of Bonn, Bonn, Germany;
Juergen.Bauer@ukb.uni-bonn.de
Beh, Philip, Department of Pathology, University of Hong
Kong, Hong Kong; philipbeh@pathology.hku.hk
Bello, Stefania, Institute of Forensic Pathology, University of
Foggia, Foggia, Italy; stefania.bello@libero.it
Benedix, Klaus-Peter, Bundeswehr Joint Medical Service,
Regional Medical Support Command, Diez, Germany
Berghaus, Günter, Hohkeppeler Str. 76, Overath, Germany;
rug.berghaus@t-online.de
Beyer, Jochen, Department of Forensic Medicine, Victorian
Institute of Forensic Medicine, Monash University, Southbank
Melbourne, Victoria, Australia; jochen.beyer@kssg.ch

Cattaneo, Cristina, Institute of Legal Medicine, Department
of Biomedical Sciences for Health, University of Milan, Milan,
Italy; cristina.cattaneo@unimi.it
Drasch, Gustav, Institute of Forensic Medicine, University of
Munich, Munich, Germany; drasch@allacher-apotheke.de
Drummer, Olaf H., Victorian Institute of Forensic Medicine,
Monash University, Southbank Melbourne, Victoria, Australia;
olaf@vifm.org
Felthous, Alan R., Department of Neurology and Psychiatry,
Saint Louis University, St Louis, MO, USA; felthous@slu.edu
Fineschi, Vittorio, Department of Forensic Sciences,
University Sapienza of Rome and Forensic Unit, Sant’Andrea
Hospital, Rome, Italy; vfinesc@tin.it
Flanagan, Robert J., Toxicology Unit, Clinical Biochemistry,
King’s College Hospital, London, UK;
robert.flanagan@nhs.net
Gerostamoulos, Dimitri, Victorian Institute of Forensic
Medicine, Monash University, Southbank Melbourne,
Victoria, Australia; dimitri.gerostamoulos@vifm.org
Gibelli, Daniele, Institute of Legal Medicine, Department of
Biomedical Sciences for Health, University of Milan, Milan,
Italy;
Grellner, Wolfgang, Department of Legal Medicine, Medical
University of Göttingen, Göttingen, Germany;
grellner@med.uni-goettingen.de
Henn, Veronique, Werdohler Str. 52, Lüdenscheid, Germany;
dr.henn@gmx.net
Henssge, Claus, Franzensbader Str. 24, Berlin, Germany;
c.henssge@t-online.de

Blumenthal, Ryan, Department of Forensic Medicine,
University of Pretoria, Pretoria, South Africa;
ryan.blumenthal@up.ac.za

Hougen, Hans Petter, Department of Forensic Medicine,
Faculty of Health Sciences, University of Copenhagen,
Copenhagen, Denmark; hougen@forensic.ku.dk

Buschmann, Claas Thade, Institute of Legal Medicine and
Forensic Sciences, Charité – University Medicine Berlin,
Berlin, Germany; claas.buschmann@charite.de

Hunsaker, John C., III, Justice and Public Safety Cabinet,
Medical Examiner Division, Frankfort, KY, USA;
john.hunsaker@ky.gov

xx

CONTRIBUTORS

Jones, Alan Wayne, Department of Forensic Toxicology,
National Board of Forensic Medicine, Linköping, Sweden,
wayne.jones@liu.se

Magalhães, Teresa, National Institute of Legal Medicine and
Forensic Sciences (North Branch), University of Porto, Porto,
Portugal; tmaghalhaes@dpinml.mj.pt

Jones, Graham R., Alberta Medical Examiners Office,
Edmonton, Alberta, Canada; graham.jones@gov.ab.ca

Maurer, Hans H., Department of Experimental and Clinical
Toxicology, University Hospital, Homburg/Saar, Germany;
hans.maurer@uniklinikum-saarland.de

Jung, Werner, Department of Cardiology, Academic Teaching
Hospital Villingen of the University of Freiburg, VillingenSchwenningen, Germany; werner.jung@sbk-vs.de
Karger, Bernd, Institute of Legal Medicine, University of
Münster, Münster, Germany; bernd.karger@ukmuenster.de
Keil, Wolfgang, Institute of Forensic Medicine, University of
Munich, Munich, Germany;
wolfgang.keil@med.uni-muenchen.de
Kernbach-Wighton, Gerhard, Institute of Forensic Medicine,
University of Bonn, Bonn, Germany; gkwighto@uni-bonn.de
Knudsen, Peter J. T., Institute of Forensic Medicine,
University of Southern Denmark, Odense C, Denmark;
pthiis@health.sdu.dk
Kondo, Toshikazu, Department of Forensic Medicine,
Wakayama Medical University, Wakayama, Japan;
kondot@wakayama-med.ac.jp
Kraemer, Thomas, Department of Forensic Pharmacology
and Toxicology, Institute of Forensic Medicine, University of
Zurich, Zurich, Switzerland; thomas.kraemer@irm.uzh.ch
Kuypers, Kim P. C., Neuropsychology and
Psychopharmacology, Faculty of Psychology and
Neuroscience, University of Maastricht, Maastricht, the
Netherlands; k.kuypers@maastrichtuniversity.nl

Meissner, Christoph, Institute of Forensic Medicine,
University of Lübeck, Lübeck, Germany;
Christoph.Meissner@uk-sh.de
Meyer, Markus R., Department of Experimental and Clinical
Toxicology, Saarland University, Homburg/Saar, Germany;
markus.meyer@uks.eu
Minns, Robert A., College of Medicine and Veterinary
Medicine, University of Edinburgh, Edinburgh, UK;
Robert.Minns@ed.ac.uk
Musshoff, Frank, Institute of Forensic Medicine, University
of Bonn, Bonn, Germany; f.musshoff@uni-bonn.de
Oehmichen, Manfred, Institute of Forensic Medicine,
University of Lübeck, Lübeck, Germany;
moehmichen@gmx.de
Ojanperä, Ilkka, Hjelt Institute, Department of Forensic
Medicine, University of Helsinki, Helsinki, Finland;
ilkka.ojanpera@helsinki.fi
Pilgrim, Jennifer L., Victorian Institute of Forensic Medicine,
Monash University, Southbank Melbourne, Victoria, Australia;
jennifer.pilgrim@monash.edu
Pollak, Stefan, Institute of Legal Medicine, University of
Freiburg, Freiburg, Germany;
legalmed@sun11.ukl.uni-freiburg.de

Lessig, Ruediger, Institute of Forensic Medicine, University of
Halle (Saale), Halle (Saale), Germany;
ruediger.lessig@uk-halle.de

Pragst, Fritz, Forensic Toxicology, Institute of Legal Medicine,
University Hospital Charité, Berlin, Germany;
fritz.pragst@charite.de

Leth, Peter Mygind, Institute of Forensic Medicine, University
of Southern Denmark, Odense C, Denmark;
pleth@health.sdu.dk

Prinz, Mechthild, Formerly Department of Sciences, John Jay
College of Criminal Justice, New York, NY, USA;
mprinz@jjay.cuny.edu

Lignitz, Eberhard, Werdohler Str. 52, Lüdenscheid, Germany;
prof.lignitz@gmx.de

Procaccianti, Paolo, Department of Biotechnology and Legal
Medicine, Section of Legal Medicine, Palermo, Italy;
paolo.procaccianti@alice.it

Luna, L. Aurelio, Department of Legal Medicine, Medical
School, University of Murcia, Murcia, Spain; aurluna@um.es
Lunetta, Philippe, Department of Forensic Medicine,
University of Helsinki, Helsinki, Finland;
philippe.lunetta@helsinki.fi
Madea, Burkhard, Institute of Forensic Medicine, University
of Bonn, Bonn, Germany; b.madea@uni-bonn.de

Quester, Wulf, Heart and Diabetes Center North
Rhine-Westphalia, Ruhr University Bochum, Bad
Oeynhausen, Germany; wquester@hdz-nrw.de
Ramaekers, Johannes G., Neuropsychology and
Psychopharmacology, Faculty of Psychology and
Neuroscience, University of Maastricht, Maastricht, the
Netherlands; j.ramaekers@maastrichtuniversity.nl

CONTRIBUTORS

Reibe, Saskia, Institute of Forensic Medicine, University of
Bonn, Bonn, Germany; sreibe@googlemail.com
Rothschild, Markus A., Institute of Forensic Medicine,
Univeristy of Cologne, Cologne, Germany;
markus.rothschild@uk-koeln.de
Ruspa, Marina, SVS (Sex Violence Aid Centre), Policlinic of
Milan, ICCRS Cà Granda, Milan, Italy
Rutty, Guy, East Midlands Forensic Pathology Unit,
University of Leicester, Leicester, UK; gnr3@le.ac.uk
Saß, Henning, University Hospital of Psychiatry, University of
Aachen, Aachen, Germany; hsass@ukaachen.de
Schänzer, Wilhelm, Institute of Biochemistry, Center for
Preventive Doping Research, German Sport University
Cologne, Cologne, Germany; schaenzer@dshs-koeln.de
Schmeling, Andreas, Institute of Legal Medicine, University
of Münster, Münster, Germany;
Andreas.Schmeling@ukmuenster.de
Schnabel, Eva, TÜV Thüringen Fahrzeug GmbH & Co. KG,
Schweinfurt, Erfurt, Germany; eschnabel@tuev-thueringen.de
Schwaninger, Andrea E., Department of Forensic
Pharmacology and Toxicology, Institute of Forensic Medicine,
University of Zurich, Zurich, Switzerland;
andrea.schwaninger@irm.uzh.ch
Skopp, Gisela, Institute of Legal Medicine and Traffic
Medicine, Heidelberg, Germany;
gisela.skopp@med.uni-heidelberg.de
Tag, Brigitte, Institute of Law, University of Zurich, Zurich,
Switzerland; Lst.tag@rwi.uzh.ch
Teixeira, Helena, National Institute of Legal Medicine and
Forensic Sciences (Center Branch), University of Coimbra,
Largo de Sé Nova, Coimbra, Portugal;
helenateixeira@dcinml.mj.pt
Thali, Michael J., University of Zurich IRM/Forensic Institute,
Zurich, Switzerland; michael.thali@irm.uzh.ch
Theunissen, Eef L., Neuropsychology and
Psychopharmacology, Faculty of Psychology and
Neuroscience, University of Maastricht, Maastricht, the
Netherlands; e.theunissen@maastrichtuniversity.nl
Thevis, Mario, Institute of Biochemistry, Center for
Preventive Doping Research, German Sport University
Cologne, Cologne, Germany; thevis@dshs-koeln.de

xxi

Thierauf, Annette, Institute of Legal Medicine, University of
Freiburg, Freiburg, Germany;
annette.thierauf@uniklinik-freiburg.de
Thomsen, Jørgen L., Institute of Forensic Medicine,
University of Southern Denmark, Odense C, Denmark;
jthomsen@health.sdu.dk
Tsokos, Michael, Institute of Legal Medicine and Forensic
Sciences, Charité – University Medicine Berlin, Berlin,
Germany; Michael.Tsokos@charite.de
Turillazzi, Emanuela, Institute of Forensic Pathology,
University of Foggia, Foggia, Italy;
emanuela_turillazzi@inwind.it
Vann, Richard, Department of Anesthesiology, Center for
Hyperbaric Medicine and Environmental Physiology, Duke
University Medical Center, Divers Alert Network, Durham,
NC, USA; rvann@dan.org, richard.vann@duke.edu
Vennemann, Mechtild M., Institute of Legal Medicine,
University of Münster, Münster, Germany;
mechtild.vennemann@ukmuenster.de
Vermeeren, Annemiek, Neuropsychology and
Psychopharmacology, Faculty of Psychology and
Neuroscience, University of Maastricht, Maastricht, the
Netherlands; a.vermeeren@maastrichtuniversity.nl
Vieira, Duarte Nuno, National Institute of Legal Medicine
and Forensic Sciences, University of Coimbra, Largo de Sé
Nova, Coimbra, Portugal; dnvieira@inml.mj.pt
Vivell, Patrick, Bruchsal Eye Hospital, Bruchsal, Germany;
patrick@vivell.info
Vuori, Erkki, Hjelt Institute, Department of Forensic
Medicine, University of Helsinki, Helsinki, Finland;
erkki.o.vuori@helsinki.fi
Vuurman, Eric F., Neuropsychology and
Psychopharmacology, Faculty of Psychology and
Neuroscience, University of Maastricht, Maastricht, the
Netherlands; eric.vuurman@maastrichtuniversity.nl
Wehner, Heinz-Dieter, Society of Forensic Medical
Examinations and Expert Services (GRUS), Tübingen,
Germany; herrmann@grus.info
Wiegand, Peter, Institute of Forensic Medicine, University of
Ulm, Ulm, Germany; peter.wiegand@uniklinik-ulm.de
Worm-Leonhard, Martin, Institute of Forensic Medicine,
University of Sourthern Denmark, Odense C, Denmark;
mworm-leonhard@health.sdu.dk

Preface

The fundamental basis of forensic medicine has to be the
proper application of justice. Not only justice itself, but societies in particular benefit from well-functioning medicolegal
services concerning the following:
• The detection and solving of crimes.
• The appearance of qualified expert witnesses at court.
• The prevention of crimes (such as child abuse or torture).
• The prevention of accidents (such as alcohol- or drug-related
accidents or improved car engineering).
Forensic medicine is an ancient medical discipline working at
the borders of medicine and law.
This is a book on forensic medicine, not just forensic pathology. It comprises all current aspects of forensic medicine commencing with the medical aspects of death, the certification of
cause and manner of death and autopsy legislation, amongst
others. The following chapters deal with external violence, the
physical signs of abuse and the differential diagnosis of natural
versus unnatural causes of death. Of special importance is a
chapter focusing on toxicology since in the field of forensic
medicine further matrices are now available for toxicological
analyses. Further questions dealt with are the tasks of general
medicolegal practice such as traffic medicine, identification,
haemogenetics, medical law and forensic psychiatry.
A knowledge of all the subdisciplines of forensic medicine
is required in daily routine casework since all the results
obtained by different medical and scientific methods have to be
integrated into one comprehensive reconstruction of events for
any particular case.
During recent years there have been a number of dramatic
developments in forensic medicine – both on a technical and
organisational level. Great improvements have been made,
especially in the fields of forensic genetics and toxicology and
also in a new area – postmortem imaging – which has been
developed over the last few years. This implementation of new
developments into daily routine casework has considerably
improved the overall validity of expert evidence. One challenge
of forensic medicine for the future will be to keep up to date
with other scientific improvements and to modernise the
discipline.

On the organisational level, in a number of countries,
improvements can be observed in the forensic medical services;
in others unfortunately there has been a decline, especially in
countries where forensic medical services are mainly universitybased. In a time of financial austerity, other medical disciplines
are much more successful than the area of forensic medicine in
attracting resources.
The main tasks in forensic medicine are forensic investigation, reconstruction and expert witness reports. These areas are,
of course, regulated by national legislations, differing between
countries. Therefore, there are obvious geographical constraints
in writing and editing a handbook on forensic medicine. On
the other hand, all countries not just on one continent but
throughout the world are growing economically, and a harmonisation of different scientific and medicolegal systems is inevitable in the future. An exchange of information on an
international level can do nothing but good and legal medicine
is no exception. Although medicolegal systems differ from
country to country, in some countries postgraduate education
and daily routine procedures (standard operation procedures
such as medicolegal autopsy rules) have been standardised.
Aspects of quality and quality control will be also addressed in
this book; for example in Europe many institutes of forensic
medicine are already accredited according to ISO 17025 for
forensic purposes. International guidelines and internationally
accepted quality standards will be of more importance in the
future in an increasingly connected world.
Authors from many countries contributed to this book. I am
very much in their debt for their input into this book and, of
course, to the publisher for making the implementation of this
book possible. I would also like to thank my secretary Mirjam
Puetz for her assistance and to Professor Kernbach-Wighton
who served as assistant to the editor.
Burkhard Madea
Bonn, 2014

Foreword

Born from the need for justice, legal medicine has had to adapt
to a succession of scientific, technological, sociocultural and
legal contexts throughout history. As a branch of science, it has
been in constant evolution and, as such, has proved a source of
inspiration and change for the law, stimulating improvements,
amendments and legislative innovations. Specialist forensic
work involves delving into mysteries of the unknown, solving
the enigmas of existence and seeking answers for the large (and
small) questions of life. It is also about adding to reality, about
reinventing the world that we have inherited.
Legal medicine has a mission that is far from easy, a mission
that has always been (and always will be) fundamental to the
correct application of justice. On it depend the honour and
freedom of people. Legal medicine brings us into contact with
people who carry with them the traumas of a life struck by
misfortune, people that sometimes have the smell of death
imbued in their skin. Hearing the voices of the victims and their
families, their silent screams of anguish and despair, pain and
anger, we have to make a daily effort to help them and to not
give up on the world. Legal medicine is a field of study riddled
with doubts, uncertainties, distress and nightmares. However,
associated with this, there are also moments of great fulfilment,
of intense professional and personal realization – as this is an
activity that indisputably helps others. All who practise it have
certainly had experiences with people and situations that have
profoundly enriched their lives from a human and spiritual
point of view.
Although there are differences between countries regarding
the content and attributions of legal and forensic medicine, it
is defined by the European Council of Legal Medicine as ‘the
application of medical knowledge and methodology for the
resolution of legal questions and problems for individuals and
society. It involves the observation, documentation, collection,
assessment, and scientific interpretation of medical evidence
deriving from clinical and post mortem investigations required
for the different fields of law, including criminal, civil, work,
family, and administrative. Its core activities are Clinical
Forensic Medicine and Forensic Pathology, but other areas of
science and expertise including forensic toxicology, forensic
psychiatry, forensic genetics, forensic anthropology may be
required depending on the nature of the case.’
As legal medicine is fundamental for the correct application
of justice, it can only achieve its highest level with the collaboration of highly qualified legal medical departments that pulsate

with the rhythm of life and are in tune with judicial requirements. Without good legal medicine there can never be good
justice. For this is the only field of knowledge can truly shed
light on situations as diverse and as complex as sexual abuse,
physical and psychological trauma, the influence of toxic
substances, identity and kinship, death by murder, suicide and
accident, etc.
The extraordinary progress which has been made over the
last few years in many areas of legal medicine has yielded ever
more significant results, enabling the judicial system to become
faster and more efficient, and allowing it to issue decisions that
are more appropriate and scientifically grounded. As a science
in constant evolution, legal medicine demands permanent
contact with the latest legal, scientific, technological and judicial developments, as well as promoting discussion amongst its
practitioners in order to solve common problems, share experiences and knowledge, harmonize methodology and compare
results. Although legal medicine has achieved a great deal over
the last few decades, there is still a long way to go. The road that
lies ahead will never come to an end, because it will require
constant adjustments and improvements, changing yet remaining always the same. Those who travel it will have to follow its
course. Books are essential for this – they are the handrail on
the flight of stairs that is the ongoing professional training that
each of us undergoes throughout life – offering a means for
the exchange of ideas, for the acquisition and consolidation of
knowledge and skills, for making contact with different perspectives and recent doctrinal, technological and scientific
developments, and for understanding both the potential and
the limitations of specialist activity, as well as the new challenges that are constantly appearing.
This book, edited by Professor Burkhard Madea, offers an
up-to-date view of the various facets of legal medical intervention, particularly those specialist areas that have undergone
the most pronounced development (such as personal injury
appraisals under civil and labour law, which still arouse considerable disagreement and controversy regarding doctrine and
methodology). The fruit of incessant study, an exhaustive bibliographical review and, particularly, the practical experiences
of a host of legal medical teachers and professionals (most of
them household names in their respective fields), it is a repository of valuable knowledge and guidance, transmitting different interpretations and points of view which stimulate
reflection. Hence, it is an essential companion for qualified
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specialist intervention, which always requires the careful weighing up of different interpretive possibilities and perspectives.
This book will help legal medicine become more efficient and
of better quality, bringing benefits to the field.
Written in clear and simple language, yet rigorous and scientifically grounded, this is the work of competent and committed academics and professionals – people who are passionate
about legal medical work, about teaching, and the sharing and
transmission of experiences and knowledge, who are deeply
concerned with justice and the training of its practitioners. This
book reveals the human, academic and professional merits of
its editor, and attends to the differences in opinion that result
from the wealth of human diversity and from the different
perspectives that science can offer us. It is, in short, a book that
deserves our attention.
It is a pleasure for me to be able to recommend this book,
not only to students and practitioners of legal medicine, but
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to anyone who, directly or indirectly, has an interest in legal
medicine issues. I am sure it will give readers great satisfaction
and provide stimulating food for thought, as well as guidance
for professional practice. I congratulate the editor and the
different authors on this contribution to legal medicine. It
is indeed a great honour to have been invited to write this
foreword.
Duarte Nuno Vieira
President of the European Council of Legal Medicine.
Full Professor of Forensic Medicine and Forensic Sciences,
University of Coimbra. President of the Portuguese National
Institute of Legal Medicine and Forensic Sciences.
Past President of the International Academy of Legal
Medicine, of the International Association of Forensic
Sciences, of the Mediterranean Academy of Forensic Sciences
and of the World Police Medical Officers
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1

History of
Forensic Medicine

Burkhard Madea

1.1 Definitions
According to Sydney Smith (1951) forensic medicine may be
defined briefly as consisting essentially of that body of medical
and paramedical scientific knowledge which may be used for
the purposes of administration of the law. Alfred Swaine Taylor
has defined medical jurisprudence as ‘that science, which
teaches the application of every branch of medical knowledge
to the purpose of the law’. According to a German definition by
Schmidtmann (1905), the last editor of the famous Handbook
of Forensic Medicine by Johann Ludwig Casper (1857), forensic
medicine is a cross-sectional discipline of medicine and natural
sciences dealing with all medical evidence that is relevant for
law. It deals with medical evidence not only in practice but also
in research; furthermore, all legal essentials in health care are
especially important for doctors as part of their teaching, training and research.
Apart from forensic pathology being the essential branch in
the development of forensic medicine, in the last 20 years clinical forensic medicine has developed as its own field of expertise.
Clinical forensic medicine is that discipline of medicine which
involves an interaction between law, judiciary and police dealing
generally with living persons.
There is of course no special date at which forensic medicine
emerged as a recognisable separate scientific discipline. Several
steps in the development of forensic medicine can be distinguished (Box 1.1): firstly the use of medical knowledge for legal
and public purposes, secondly compulsory medical testimony
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for the guidance of judges in special cases, and thirdly professionalisation as its own discipline.
Characteristic topics that are dealt with in forensic medicine
are summarised in Box 1.2. Forensic medicine as we experience
it at the beginning of the 21st century has developed since the
19th century and from much older roots. The famous criminal
code of Emperor Charles V, the Constitutio Criminalis Carolina,
promulgated in 1532, is often called a landmark of the first
importance in the history of legal medicine (Fig. 1.1). R. P.
Brittain (1965a) wrote:
It has commonly been considered as the true start of legal
medicine, and hence Germany has been hailed as the
country which gave birth to the discipline. It has been
said that it caused medical men to be called in legal
matters for the first time. This is not strictly true. They
had been called on before as earlier enactments show.
Without in any way minimising the advance the Carolina
represented, it would be wrong to consider it as a phenomenon which occurred without logical antecedents,
and as implying the legal medicine arose by a kind of
spontaneous generation.
Indeed the Bamberg Criminal Code was a model for the Constitutio Criminalis Carolina. However, there is a deep-seated
relationship between medicine and law dating back much
earlier. These roots can be found in studies of nature, the violation of law and its relation to medicine (injuries, violent death,
pregnancy, still birth, rape, poisoning) and the need for experts
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Box 1.1 Development of forensic medicine.
Step 1
Medical knowledge used for legal or public purposes and dependent on the level of achievement both in law and medicine in:
• Knowledge of medical plants and botany
• Knowledge of injuries
• Educational standards in medicine
• Standards of competency
• Legislation concerning disposal of the dead
• Legislation concerning injuries
• Compensation for injuries and deaths
Step 2
Expert medical testimony must be obtained for the guidance of
judges in cases of murder, wounding, poisoning, hanging, drowning, infanticide, abortion and malpractice.
Step 3
Further professionalisation in:
• Medicolegal examination
• Giving evidence at court/medical expertise required at court
• Publication of monographs
• Teaching
• Systematic research (decrease of the domain of magic and
sorcery)
• Knowledge gained by own practice replacing textbook knowledge (e.g. J. L. Casper)
• Foundation of professorships
• Foundation of own institutes
• Foundation of societies

to assist the law or a court – thus defining the constitution of
forensic medicine as a scientific discipline with the publication
of monographs, subjects of special instructions and its own
research (Table 1.1).
The development and existence of the speciality of forensic
medicine depends essentially on two factors: a sufficiently high
development of the law and a sufficiently high development of
medicine. As Ackerknecht has outlined, in very highly developed civilisations with sophisticated legal regulations there is,
on the one hand, no evidence that judges consult medical
persons in assessing crime. On the other hand, despite the high
development of a rational medical art, no document exists that
provides evidence for the use of medical experts in ancient
Greece.

1.2 Civilisations of the Near East
and China
Forensic medicine developed in relation to law and it was often
legal requirements that pushed improvements in forensic medicine forward. Forensic medicine as a scientific discipline developed when the domain of magic and sorcery was overcome.

Box 1.2 History of characteristic topics in forensic medicine.
After Fischer-Homberger (1983).
Responsibility
• Age
• Gender
• Mental diseases, melancholia
• Simulation
• Disease or malice
Sexuality and reproduction
• Marriage, family
• Impotence, infertility
• Virginity
• Conception and pregnancy
• Duration of pregnancy
• Superfetation
• Abortion
• Infanticide: hydrostatic tests of the lungs
• Rape
Injuries and violent death
• Injuries
○ prognosis of injuries and their locations
○ lethality of wounds, grades of lethality
○ relative fatality of wounds in different parts of the body
• Suffocation
• Poisoning
Role of medicine for the public
• Specialised medical profession
• Educational standards
• Standards of competency
• Ethical standards
• Malpractice

The early literate civilizations of the Near East and China had
definite systems of law relating not only to crime but also to
property, marriage and other civil matters. For instance, in
Egypt the practice of medicine was subject to legal restrictions;
the right to practice was restricted to members of a certain class
with the intention that physicians had to study the precepts laid
down by their predecessors in certain ancient books (Smith
1951). Since physicians had to strictly adhere to the knowledge
of ancient books, experiments and originality were not encouraged and, instead, witchcraft, magic and sorcery became dominant. As a result good treatment was characterised by observing
the authoritative ‘canon’, with the result that bad treatment or
even malpractice originated from not properly observing the
authoritative ‘canon’.
In China at the beginning of the 14th century, a noteworthy
volume entitled Hsi Yüan Lu (The washing way of wrongs) was
compiled on the procedure to be followed in investigating
deaths, especially those under suspicious or obviously criminal
circumstances. Sydney Smith, who has studied a comparatively
modern edition of this book, describes his impression as
follows:
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Figure 1.1 Constitutio Criminalis Carolina (criminal code of
Emperor Charles V). Reproduced from http://commons.
wikimedia.org/wiki/File:De_Constitutio_criminalis_Carolina_
(1577)_13.jpg (last accessed 12 June 2013).

5

I have not seen a translation of a really ancient copy
of this book, but even from a comparatively modern
edition (1843) one certainly gets the impression that
there was a comprehensiveness in the scope of medicolegal procedure in ancient China that was not to be found
in mediaeval Europe. The importance of a satisfactory
examination of the wounds on a body is stressed, among
other reasons, in order to check the validity of a confession or other statement. The sites where wounding is
likely to prove mortal are indicated. The preparations
necessary for the examination of a body are described,
and the examiner is warned not to be deterred by the
unpleasant state of the corpse, but to make a systematic
examination from the head downwards in every case. The
difficulties caused by decomposition are clearly recognised, and the examiner is advised on the subject of counterfeited wounds. Sections are devoted to wounds caused
by different agencies, such as blows from the fist or
kicking, by various types of weapon, etc.; and to asphyxial
deaths – f.i. by strangulation and drowning. The possibility of homicidal strangulation being passed off as suicide
is discussed, also the means for distinguishing between
the bodies of drowned persons and those thrown in after
death. The possible confusion between ante-mortem and
post-mortem burning is recognised, and poisoning is
given considerable attention. The examiner is advised on
the possible importance of examining the locus, and is

Table 1.1 Timetable of the history of forensic medicine.
Date

Place/person

Events

3000 BC

China

Writings about pharmacology and pharmacognosy

1700 BC

Babylon

Code Hammurabi: rights and duties of physicians including medical malpractice

220 BC

China

Bamboo texts with information on the rules and regulations for the examination
of injuries

10 BC

India

Law of Manu: competence of witnesses at court

–

Egypt

Detailed laws concerning the medical profession and forensic medicial
investigation; stab wounds were categorised and closed head injuries with
fractures described

–

Persia

Official code for medical fees, penalties for medical malpractice, and
classification of injuries; abortion was classified as a crime

–

Greece

Autopsies on human bodies were not permitted; use of physicians as expert
witnesses was loose and ill defined

572 BC

Lex Aquillia

Lethality of wounds, ‘novus actus intervenium’, break in causation

460–355 BC

Hippocrates of Kos

Lethality of wounds; Hippocratic oath as basis of medical ethics

449 BC

Rome

Lex duodecimo tabulorum: length of gestation (for the determination of
legitimacy), disposal of the dead, poisoning, and punishment depending on the
degree of injury

Ancient Rome

Numa Pompilius

Advocated cutting open the bodies of pregnant women after death to deliver
the baby (Caesarian section)
(Continued)
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Table 1.1 (Continued)
Date

Place/person

Events

138–78 BC

Lex Cornelia (Sulla)

If a physician caused the death of his patient he should be exiled or executed;
prostitution and confinements supervised

100–44 BC

Gaius Julius Caesar

A body was examined after murder by the physician Antistius who discovered
23 stab wounds and declared only one to be fatal

23–79 BC

Plinius the Elder

Complained that laws punishing incompetent or ignorant physicians were
needed; also discussed drowning

AD 131–200

Galen

Dealt with gladiators and their wounds, anatomical features, differences
between neonatal and adult lungs, stillbirths (rubra, gravis, densa substantia
carnis pulmonum) and live births (alba, levis, rara substantia carnis pulmonum)

483–565

Justinian

‘Physicians are not ordinary witnesses, but give judgement rather than
testimony’ (Medici non sunt proprietestes sed maius est iudicium quam
testimonium); discussed proof of pregnancy, sterility, hermaphrodism and
simulation of diseases

5th–10th centuries

Leges barbarorum
Lex euricianus
Lex visigothorum
Lex burgundionum
Pactus legis salicae
Pactus legis riduarie
Edictus rothari
Pactus legis alla
manorum

Consisted of the Goths, Visigoths and Vandals; when medical experts have to be
called; ‘wergeld’ (blood money) had to be paid to the victim of the perpetrator
or to relatives of the decedents; description of wounds

742–814

Charlemagne

Capitularies: expert medical testimony required in cases of wounding, abortion,
rape, incest, infanticide and suicide

1100

Assizes of Jerusalem
Godfrey de Bouillon

In cases of alleged illness or murder three experts were sent

1140

Roger II of Sicily

Physicians required to have an examination prior to commencing their practice

Frederic II

Public examination of physicians, strict criteria for medical practice, and versed
in the teaching of Hippocrates and Galen; requirements for ordination as a
doctor: at least 21 years of age, legitimately born, have studied logic for 3
years, have studied medicine for 5 years, served 1 year of apprenticeship
On qualification had to swear an oath to treat the poor free and visit each of his
patients twice by day and once by night as required
A human body should be dissected in public once every 5 years

1209

Pope Innocent III

Appointment of physicians to the courts

1234

Pope Gregory IX

Compilatio decretalium: collection of all decisions and edicts related to
medicolegal matters

1507

Bamberg penal code: medical evidence necessary in certain cases

1532

Charles V

Constitutio criminalis Carolina; legal medicine originated as its own speciality;
requirement of a medical opinion in cases of murder, wounding, poisoning,
hanging, drowning, infanticide or abortion

1575

Ambroise Pare

Wrote book on medicolegal reports, death from lightning, ante- vs. postmortem
injuries, and poisoning by carbon monoxide

Codronchius

Methodus testificandi

Fortunatus Fidelis

De relationibus medicorum

Paolo Zacchia

Questiones medicolegalis

1584–1659
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warned that at an inquest nothing should be regarded as
unimportant. . . . Altogether it is a remarkable document,
and, although some of the methods and tests described
are fantastic, there is no doubt that the real nature of the
problems involved was clearly appreciated. As I have suggested, it is unfortunate that I cannot with certainty sort
out the genuinely ancient from the more modern interpolations, but I am left with the conviction that in mediaeval times Chinese forensic medicine was far in advance
of contemporary European practice. (Smith 1951)

1.3 Justinian enactments
The Justinian enactments between AD 529 and 564 represent,
according to Sydney Smith, the highest point of achievement
in forensic medicine in the ancient world. Amongst many other
things the Justinian Code provided guidelines for the regulation
of the practice of medicine, surgery and midwifery; for the
proof of competence by means of examinations; for the classes
of physicians that were to be recognised; for the limitation of
the number of physicians in each town; and for the penalties to
be imposed for malpractice. The Justinian laws clearly recognised and defined an integrated medical profession, with
required educational standards and standards of competency,
in a way that had never previously been achieved. The medical
expert, defined as ‘Medici non sunt proprie testes, sed majus
est judicium quam testimonium’, was not an ordinary witness,
appearing for one side or for the other side, but assisted the
judiciary by impartial interpretation. The Justinian Code
enjoined the cooperation of medical experts in a broad field of
legal problems, for instance in the determination of the existence of pregnancy, in cases involving sterility, impotence or
legitimacy, in cases of rape, in cases of poisoning, in cases
involving the problem of survivorship, in cases which were
complicated by the question of mental disease, and in other
comparable circumstances (Smith 1951).

1.4 Further developments and Italian
town charters
In the 12th century physicians were already being used as
experts in cases of alleged illness or injuries. In the so-called
Assizes of Jerusalem from 1100 it was determined that if,
because of alleged illness, a vassal could not appear before the
lords’ court to plead his case, the lord must send to this man’s
house three office men to decide on the issue – a physician, an
apothecary and a surgeon. In cases of murder these three
experts were also sent, and they had to say what was the matter
with him (the body), where he had been injured and with what
instrument it seemed to them that the injuries had been
inflicted. Similar regulations existed at the same time in Antioch:
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Box 1.3 Dates of the foundation of some European
universities.
•
•
•
•
•
•
•
•
•
•
•
•
•
•

Parma 1066
Bologna 1119
Modena 1175
Perugia 1200
Paris 1211
Padua 1222
Naples 1224
Sienna 1240
Montpellier 1289
Prague 1348
Jena 1365
Heidelberg 1386
Cologne 1388
Leipzig 1409

knights could only excuse their non-attendance before the
court when medical experts confirmed an alleged illness (Bonte
2000).
The Italian town charters played an important role from the
11th to 13th century. The town charters were qualified with the
help of the law faculties in the newly established universities
(Box 1.3). For instance, in the town of Bologna, Hugo de Lucca
was appointed expert of the magistrate of the city. It is likely
that he was the first to perform legal autopsies between 1266
and 1275. Most of the Italian town charters determined that
two experts, generally a physician and a surgeon, were responsible for postmortem examinations. An example of such an
early report by medical experts is:
Bologna 1289
Master Albertus Maledova and Master Amoretus, physicians, who, on the injunction of Albertus of Gandino,
judge, have seen and examined Jacobus Rustighelli in the
Church of St. Catherine of Saracocia, wounded and dead,
state in concordance, after having seen and examined, to
have found the following:
   in the thorax: seven deadly wounds
   in the neck: one deadly wound
   in the middle of the forehead: two deadly wounds
   in the occiput: one deadly wound
   in the upper jaw: one non-fatal wound
Sworn to be true on Saturday, February 12th. (Ackerknecht 1950/51)
In Bologna, according to the town charter a medical expert
must be at least 40 years of age and to have been a citizen of
Bologna for at least 10 years. The first documented legal autopsy
report of Bologna was signed by Bartolomeo da Virignana in
1302.
The right of performing an autopsy was given to medical
faculties, such as the faculty of medicine of the University of
Montpellier in 1374. As in Italy, forensic medicine in France
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and Germany developed with the foundation of universities
and medical faculties. Medical faculties even discussed and
criticised court decisions. In 1478 the University of Cologne
gave the following advice: ‘It is useful and necessary that those
who die unexpectedly – god forbid this but unfortunately it
happens so often – are opened and dissected immediately in
order to examine the organs and find the cause of death or the
lethal disease’ (Ackerknecht 1950/51). The physicians knew the
limitations of only examining a body, they were aware of their
responsibility. In the 17th century in particular it was recognised that autopsies were necessary to definitely clarify the
cause of death, even if no signs of external violence were visible.
Gottfried Welsch (1618–1690) in the first edition of his book
Rationale Vulnerum Lethalium Judicium (1660) was already rec-

ommending forensic autopsies, especially in cases of intoxication, and that autopsies should be performed by doctors with
experience in postmortem dissection.

1.5 Forensic medicine as a book
science
The period from the late 16th to 18th century was characterised
by books published on forensic medicine (Box 1.4). In 1575
Ambroise Paré published a book that dealt with medicolegal
reports in ‘Death from wounds or impotence or loss of any
member’. He discussed abortion, infanticide, death by light-

Box 1.4 Important books in the history of forensic medicine (17th–18th centuries).
ALBERTI, Michael: Systema jurisprudentiae medicae . . . cum praefatione. Foreword by Christiani Thomasii: Halae: Orphanotropheu 1725
(Vol. I). Fulda: Tomus alter Schneebergae, 1729.
AMBROISE, Paré: Wund Artzney oder Artzneyspiegell. Von Petro Uffenbach . . . auss der Lateinischen Edition Jacobi Guillemeau . . . in die
Teutsche Sprach . . . gesetzt. Frankfurt/M. Fischer: Rötell (Drucker), 1635.
AMMANN, Paulus: Medicina critica. Erfurti: Ohler; Hertz (Drucker), 1670.
AMMANN, Paulus: Praxis vulnerum lethalium. Francofurti: Gleditsch, 1690.
BOHN, Johannes: De renunciatione vulnerum, seu vulnerum lethalium examen. Lipsiae: Gleditsch; Fleischer (Drucker), 1689 (2nd edn,
Amsterdam, 1710).
BOHN, Johannes: De officio medici duplici, clinici nimirum ac forensis. Lipsiae: Gleditsch, 1704.
CARDANUS, Hieronymus: De venensis libri tres. In: Opera omnia, 10 vols, Vol. 7, pp. 275–355. Lugduni: Huguetan and Ravaud, 1663.
CASTRO, Rodericus A.: Medicus-politicus. Sive de officiis medico-politicis tractatus. Hamburgi: Frobenius, 1614.
CODRONCHIUS, Baptista: De morbis veneficis ac veneficijs. Venetiis: De Franciscis, 1595.
CODRONCHIUS, Baptista: Methodus testificandi. In: De vitiis vocis, libri duo, pp. 148–232. Francofurti: Wechel, 1597.
FAHNER, Johann Christoph: Vollständiges System der gerichtlichen Arzneikunde. Ein Handbuch für Richter und gerichtliche Ärzte, 2 vols.
Stendal: Franzen and Grosse, 1795, 1797.
FIDELIS, Fortunatus: De relationibus medicorum libri quatuor, In quibus ea omnia, quae in forensibus, ac publicis causis, medici referre
solent, plenissime traduntur. Translated by Paul Amman. Lipsiae: Tarnov, 1674 (1st edn, Palermo, 1602).
FRANK, Johann Peter: System einer vollständigen medicinischen Polizey, 4 vols. Vol. 1 (2nd edn), Mannheim: Schwan, 1784 (1st edn, 1779);
Vols 2–4 (1st edn), Mannheim: Schwan, 1780–1788; Vol. 5, Tübingen: Cotta, 1813; Vol. 6 (in three parts), Vienna, 1817–1819. The supplements were edited by 1827.
HALLER, Albrecht von: Vorlesungen über die gerichtliche Arzneiwissenschaft. Aus einer nachgelassenen lateinischen Handschrift übersetzt,
2 vols. Bern: Neue typographische Gesellschaft, 1782, 1784.
MENDE, Ludwig Julius Caspar: Kurze Geschichte der gerichtlichen Medizin. In: Ausführliches Handbuch der gerichtlichen Medizin, Part 1,
pp. 1–474. Leipzig: Dyk, 1819.
METZGER, Johann Daniel: Kurzgefasstes System der gerichtlichen Arzneiwissenschaft. Königsberg/Leipzig: Hartung, 1793.
PLATNER, Ernst: Untersuchungen über einige Hauptcapitel der gerichtlichen Arzei-Wissenschaft durch beigefügt zahlreiche Gutachten der
Leipziger medicinischen facultät erläutert. Aus dem Lateinischen übers. Edited by C.E. Hedrich. Leipzig: Kupper, 1820.
PLENK, Josephus Jacobus: Anfangsgründe der gerichtlichen Arztneywissenschaft und Wundarztneykunst. Aus dem Lat. Translated by
F. August von Wasserberg. Wien: Gräffer, 1782.
PLOUCQUET, Wilhelm Gottfired: Abhandlung über die gewaltsame Todesarten, nebst einem Anhang von dem geflissentlichen Missgebähren.
Als ein Beytrag zu der medicinischen Rechtsgelahrtheit. Tübingen: Berger. No date.
PYL, Johann Theodor (ed.): Aufsätze und Beobachtungen aus der gerichtlichen Arzeneywissenschaft. Collections 1–8. Berlin: Mylius,
1783–1793.
SUEVUS, Bernhardus: Tractaus de inspectione vulnerum lethalium et sanabilium praecipuarum partium corporis humani. Variis cum
veterum, tum recentium medicorum observationibus, exemplis atque controversiis illustratus, non minus iurisconsultis quam medicis
utilis atque necessarius. Marpurgi: Chemlin, 1629.
TEICHMEYERUS, Hermannus Fridericus: Institutiones medicinae legalis vel forensis. Ienae: Bielke, 1723 (2nd edn, 1731).
WELSCH, Gottfried: Rationale vulnerum lethalium judiciium, in quo de vulnerum lethalium n atura, et causis; legitima item eorundem
inspectione, ac aliis circa hanc materiam scitu dignis juxta, quam necessariis, agitur. Lipsiae: Ritzsche, 1660.
ZACCHIAS, Paulus: Quaestiones medico-legales. In quibus eae materiae medicae, quae ad legales facultates videntur pertinere, proponuntur,
pertractantur, resolvuntur. Opus, iurispertis apprime necessarium, medicis perutile, caeteris non injucundum. Ed. Tertia (3rd edn),
Amstelaedami: Blaeu, 1651 (1st edn, Rome, Vol. 1, 1621; Vol. 2, 1625; Vols 3–4, 1628; Vol. 5, 1630; Vol. 6, 1634; Vol. 7, 1635).
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ning, hanging, drowning, feigned diseases and the differentiation of ante- and postmortem wounds – all topics that still
belong today to the field of forensic medicine. He also dealt
with poisoning by carbon monoxide. An example of a report
by Ambroise Paré on an abdominal wound resulting in abortion is as follows:
I, Ambroise Paré, have come on the order of the great
Provost to the Rue St. Houbré, to the house of Mr. M.,
where I have found a lady called Margaret in bed with
a high fever, convulsions, and haemorrhage from her
natural parts, as consequence of a wound that she has
received in the lower abdomen situated three fingers
below the umbilicus, in the right part, which has penetrated into the cavity, wounded and penetrated the uterus.
She has therefore delivered before term a male infant,
dead, well formed in all its limbs, which infant has also
received a wound in its head, penetrating into the substance of the brain. Therefore the above-mentioned lady
will soon die. Certified this to be true in putting my signature, etc.
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deals firstly with matters of public health, secondly with
wounds, simulated diseases and medical errors, next with virginity, impotence, pregnancy and viability of the fetus, and
finally with life and death, mortality of wounds, suffocation and
death by lightning and poisoning.
The greatest work in this early period was the Quaestiones
medico-legales of Paulus Zacchias, the principal physician to
Pope Innocence X and Alexander VII and an expert before the
Rota Romana, the papal court of appeal (Fig. 1.2). He published
his monumental work between 1621 and 1635 in Rome (Fig.
1.3), with two additional books published in Amsterdam in
1666. The books are divided into parts and these delve into
specific questions dealing with: age, pregnancy, superfetation
and moles, death during delivery, life, birth and legitimacy,
similarity and dissimilarity of children to their parents, dementia and insanity, poison and poisoning, impotence, feigned

In 1597 Codronchius, a physician of Imola, published his
important Methodus testificandi, in which he dealt with wounds,
poisoning and sexual matters and gave models of reports.
Another magnum opus was the work by Fortunatus Fidelis of
Palermo entitled De relationibus medicorum, which was the first
great general systematic treatise on legal medicine. In this he

Figure 1.2 Paolus Zacchia (1584–1659), called the ‘Father of
forensic medicine’. Courtesy of the US National Library of
Medicine, History of Medicine Division.

Figure 1.3 Title cover of Paulus Zacchias’s book Quaestiones
medico-legales.
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diseases, the plague and contagion, miracles, virginity and rape,
fasting, wounds, mutilation, and the salubrity of the air, water
and places. Thus by the middle of the 17th century there was a
well-developed literature on this subject and the subject itself
was recognised as an entity.
In the 17th and early 18th centuries it was mainly professors
at universities in mid Germany (at Leipzig and Halle) who
contributed to the development of forensic medicine. In 1660
Welsch (at Leipzig) wrote a book on wounds, dealing with their
vitality. Ten years later Ammann (also from Leipzig) produced
a manuscript dealing with false beliefs in forensic medicine and
in 1690 a more important contribution, his treatise on fatal
wounding. In 1689, Johannes Bohn of Leipzig published his
work De renunciatione vulmerum, which was of great importance at his time, and distinguished ante- and postmortem
wounds and wounds deadly per se (per se seu absolute lethalia)
from accidental factors (ca accidenc lethalia). He was in favour
of complete medicolegal autopsies instead of wound inspection
and described procedures to be followed. According to Bohn,
in Germany, there was during the 18th century an almost uninterrupted production of treatises on legal medicine. However,
in the 18th century forensic medicine was a ‘book science’.
It was during the 19th century that this book knowledge
was replaced by personal experiences. Johann Ludwig Casper
(1796–1864) worked for nearly 40 years in the area of forensic
medicine in Berlin. He transformed forensic medicine into a
useful speciality based upon practical experiences and personal
observations. His classic textbook Praktisches Handbuch der
Gerichtlichen Medizin (1856) was based on his extensive practical experience. Centres of legal medicine as it became a modern
science in the 19th century were located in Berlin, Vienna,
Glasgow, Edinburgh and London.

1.6 Forensic medicine as an
experimental science
1.6.1 France
According to Bertrand Ludes (2008), modern forensic medicine
was born in France during the French Revolution with the
closure of old universities and the creation of three new faculties of medicine in Paris, Strasbourg and Montpellier. Medical
studies were reorganised in 1794 and professorships of forensic
medicine were established in the new faculties. For instance, in
1789 Francois Emanuele Fodere (1764–1835) published his legislation enlightened by physical sciences, and treatises of forensic medicine in public health, which represented the first French
publication with forensic medicine in its title. Fodere distinguished between civil forensic medicine, criminal forensic
medicine, administrative forensic medicine or public health,
and health and medicine policing. He held the chair of forensic
medicine in public health in Strasbourg where he published in
1830 a new edition of this treatise. He defined forensic medicine

Figure 1.4 Mathieu-Joseph Bonaventura-Orfila (1786–1853).

as follows: ‘By forensic medicine one means the application of
physical, natural and medical knowledge to the legislation of
the people, the administering of justice, local government, the
maintenance of public health’.
New horizons were opened for forensic medicine with the
development of pathological anatomy and analytical toxicology, both vigorously promoted by Mathieu-Joseph BonaventuraOrfila (1786–1853) (Fig. 1.4), one of the most influential men
in the development of scientific forensic medicine in France. A
born Spaniard, Orfila was physician to Louis XVIII and dean
of the Paris faculty from 1830 to 1848. He published famous
books such as his Tread de Toxicology (1813) or Leson de Medicin
Legal (1823) and did experimental work both in toxicology and
classic forensic medicine, including on putrefaction and postmortem wounds. By 1840 Orfila was able to use a test that has
coined almost a whole branch of crime: the arsenic test of J.
Marsh (1795–1846) of 1836. According to Brouardel there was
a dramatic decline of poisoning trials in the decade 1830–1840
due to the Marsh test. Orfila was not only a brilliant scientist
and teacher but also a ‘courtroom star’. Further famous forensic
scientists were Alphonse Divergy (1798–1879), author of a
monumental treatise in 1853, P. C. H. Brouardel (1837–1902)
and Ambroise Auguste Tardieu (1818–1879), who was a pupil
of Orfila and like his master a courtroom star. They no longer
produced ‘treatises’, but special monographs on particular
issues such as hanging, abortion, poisoning, wounds, etc.
Tardieu wrote the first book on sexual abuse in children and on
battered children; subpleural haemorrhages are named after
him. Brouardel held the chair of forensic medicine in Paris
between 1879 and 1896 and also became dean of the faculty
of medicine. In Lyon, forensic medicine was developed by
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nesses (e.g. the mean life expectancy at this time was 38.5 years
in England and only 21.3 years in Russia; the mean life expectancy for theologians was 65.1 years and 50.8 years for medical
doctors). In 1852 Caspar founded the quarterly Journal of
Forensic and Public Medicine and in 1857 the first edition of his
practical handbook of forensic medicine was published. His
practical handbook, which was also translated into English, was
revolutionary since its content was based on his own observations. His motto was ‘Non hypotheses condo, non optiones
vendito, quod vidi scripsi’. In the preface of his handbook he
wrote:
In this book as in all my lectures in the last thirty-six
years I have striven especially against the prime failing
of most authors on forensic medicine, viz., the separation
of it from general medicine, and have endeavoured
to purify it from all irrelevant rubbish, which has been
so copiously accumulated in it by tradition, want of experience in forensic matters, and therefore of the proper
relation which the medical jurist bears to the judge, as
well as mistaken ideas as to the practical object of the
science. . . .
Figure 1.5 Johann Ludwig Casper (1796–1864), founder of
modern forensic medicine in Prussia.

Alexandre Lacassagne (1843–1924), who hold the chair of
forensic medicine in the faculty of medicine for over 30 years
(1880–1913).

1.6.2 Prussia
One of the most remarkable experts in forensic medicine in the
19th century was Johann Ludwig Casper the founder of modern
forensic medicine in Prussia (Fig. 1.5). He was born in Berlin
in 1796 and died there in 1864. Casper studied medicine in
Berlin, Göttingen and Halle and became a medical doctor in
1819. At the age of 24 he had already received his postdoctoral
lecture qualification for pathology and legal medicine. After his
graduation he studied private and state institutions for public
health in England and France for a year and in 1825 he was
appointed a private counsel and member of the Royal Medical
Council of Brandenburg. From 1834 on he was senior private
counsel of medicine and a member of the scientific deputation
for health care. In 1839 he was appointed professor and medicolegal officer for Berlin and in 1850 director of the Institute
of Forensic Medicine, at that time called Unterrichtsanstalt
für Staatsarzneikunde (School for State Medicine). Caspar published more than 170 papers, some at the beginning of his
career on medical statistics. He published on mortality and life
expectancy with regard to different countries, gender and busi-

The correct appreciation of a simple dogma, which is
unquestionably correct as it is to be unalterably maintained, leads of itself to the necessary reform in treating
of juridical medicine. I mean the dogma that a medical
jurist is – a physician – nothing more, nothing less,
nothing else, and, as this simple dogma has been grossly
misunderstood, to make it still more plain, I again repeat,
he is a physician, and not a lawyer etc. Just as a technologist, artist, or any other craftsman must hold his knowledge or experience in his art or trade at the service of
justice in the interest of the common need, so must the
physician, and nothing else is required of him. . . .
This erroneous blending of medical and legal ideas and
objects is also combined with another greater and more
consequential error in the practice of forensic medicine.
I mean the tendency to endeavour to obtain strict apodictical proof, such as was required by the practice of the
older penal courts. . . . I demand in what other branch of
general medical diagnosis, of which the forensic is but a
part, is such indubitable certainty required, or where can
it be attained?
(Johann Ludwig Casper, preface to the third edition of
his textbook, 1860)
His practical handbook achieved eight editions, the last of
them published by Schmidtmann in 1905. Caspar also published an Atlas of Forensic Medicine. His son-in-law was his
successor as head of the Unterrichtsanstalt für Staatsarzneikunde
and built in Berlin the famous Institute of Forensic Medicine
at the Charité from 1884 to 1886 (Fig. 1.6). Liman had visited
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Figure 1.6 Cut-through of the Institute of Forensic Medicine at the University of Berlin (built from 1884 to 1886). The institute served
also as a morgue where unidentified deceased people were exhibited for public viewing. At the first floor a man is standing in front of a
glass window, behind the window bodies are exhibited in cooling cells. The Paris morgue served as a model for the construction of the
morgue in Berlin.

the Paris morgue and the plans for the institute in Berlin were
based on the building in Paris.

1.6.3 Austria
In Vienna an institute of forensic medicine had been founded
by 1804 as the Institute of Forensic Pharmacology and Medical
Police. The claim of a having a medical police goes back to
Johann Peter Frank, who was appointed professor of surgery
at the University of Vienna in 1794. His most famous book
was System einer vollständigen medizinischen Polizey (System of
Complete Medical Police). However, from 1844 to 1875, forensic
autopsies were performed by pathologists, mainly by the famous
pathologist Carl von Rokitansky. In 1875, Eduard von Hofmann,
who was the first professor of forensic medicine at the University of Innsbruck (since 1869), moved to Vienna (Fig. 1.7).
In 1878 he published his famous Lehrbuch der Gerichtlichen
Medizin (Textbook of Forensic Medicine), which was translated
into four languages (French, Russian, Italian and Spanish) (Fig.
1.8). The 11th edition of this textbook was published by his
pupil Albin Haberda in 1922. Around this time Johann Peter
Frank founded a museum of biological specimens in Vienna
which can still be visited today in the so-called ‘Narrenturm’.
Von Hofmann moved the forensic preparations out of the
Museum of Pathology and founded his own collection of forensic preparations, which now comprises more than 2000 preparations; preparations are still exhibited that appeared in his own
textbook and atlas of forensic medicine.

1.6.4 United Kingdom
In the UK the development of forensic medicine lagged behind
Italy, France and Germany due to differences in legal systems
and practices. In contrast to English common law, the approach
of Roman canon law to legal decision making encouraged
the development of forensic medicine because, according to
Vanezis, technical evidence by experts could be more easily
incorporated as sentences were made by judges. This contrasts
with common law trials where the use of juries tended to discourage testimony that could not easily be understood by lay
people. However, by the end of the 18th century, chairs of
forensic medicine were founded in Edinburgh and Glasgow. By
1834, 37 medical schools in Great Britain provided courses of
instruction in forensic medicine. The course subjects had been
made obligatory for the medical curriculum of every medical
school the year before. The rise and decline of forensic medicine
in the UK is entwined with the incorporation of forensic medicine in to the medical curriculum. By 1944, the instruction
in forensic medicine given to medical students was excessive.
However, later, the Royal Commission on Medical Education in
1968 did not consider the subject at all. As a consequence, universities could claim with considerable justification that the
provision of forensic medicine as a speciality of its own was not
important, particularly when money was short and virtually no
research came from those who specialised in the subject.
A decline of academic forensic medicine has not only been
observed in the UK but also in Germany. Reasons for this are
an inadequate financing of forensic medicine, competition for
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Figure 1.7 Eduard von Hofmann (1837–1887), professor of
forensic medicine in Vienna from 1875 to 1887. His time in
Vienna is called the golden age of forensic medicine. He
published not only a famous textbook and an atlas of forensic
medicine, but numerous articles throughout the whole discipline.
He had many important pupils who performed outstanding
experimental research.

money between different medical disciplines and a scientific
recognition that is based on impact factors and external funding.

1.7 Current problems
Forensic medicine developed as a recognisable separate scientific discipline in most European countries in the 19th century
but was not considered to be a separate academic discipline.
More than 100 years ago, the famous German surgeon Theodor
Billroth (1826–1894) wrote in a book on teaching and learning
medicine at German-speaking universities (1876) that there is
no need to teach forensic medicine at universities since it is not
a science on its own but rather a compilation of other independent sciences, and that the knowledge of these sciences is
only used for practical purposes (e.g. judicial questions). This
approach is not only wrong but has also proved hard to dispel
and has accompanied our discipline for more than a century.
In England and Wales the number of professorships in forensic
medicine has decreased dramatically, and in Germany several
institutes of forensic medicine have closed in the last 10 years.
Forensic medicine, however, does have its own research
profile and deals with questions and issues that are not found
in other disciplines. These include:
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Figure 1.8 Title cover of Eduard von Hofmann’s Textbook of
Forensic Medicine.

• Thanatology: postmortem changes, time of death, wound
•
•
•
•
•
•

age estimation, distinction between ante- and postmortem
injuries and vitality of wounds.
Traumatology as a basis of reconstruction.
Postmortem toxicology.
Toxicological analysis of various body fluids.
Hair analysis.
Driving under the influence of alcohol or drugs and impaired
driving ability.
Stain analysis.
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Duties of
Forensic Medicine

Burkhard Madea and Gerhard Kernbach-Wighton

The traditional and comprehensive definition of legal medicine
as a special medical discipline that prepares medical knowledge
for the purposes of law still remains a reliable description today.
Thus, legal medicine is a typical interdisciplinary subject which
includes the tasks outlined in Fig. 2.1 and Box 2.1.
According to D. N. Vieira (2008), the basic mission of forensic medicine is the proper application of justice. The honour
and freedom of individuals so often depend on it. Much of what
justice has been in the past few centuries has passed through
forensic medicine, and much of what justice ought to be will
pass through it in the future.
However, although there are some common rules, there are
also considerable variations between countries. Different countries do not only have different laws but also have different legal
systems. For example, Europe represents a mosaic of sociocultural, economic and legal realities, and this is reflected in forensic medicine, it having always influenced a variety of operational
modes, especially in terms of organisational systems, structures
and functional competences (Vieira 2008).
While some countries still have a wealth of academic forensic units, in others forensic medicine is mostly carried out by
so-called clinical forensic practitioners. By definition, clinical
forensic medicine includes all medical (health care) fields relating to legal, judicial and police systems (Payne-James & Busuttil
2003) (Box 2.2). There is a wide range of practitioners who
perform work in forensic medicine and forensic sciences:
• Forensic pathologists.
• Clinical forensic practitioners.
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•
•
•
•

Forensic nurses (e.g. in the UK).
Forensic psychiatrists/psychologists.
Forensic odontologists.
Forensic scientists, especially in forensic toxicology and
forensic genetics.
• Forensic anthropologists.
• Forensic archaeologists.
In special cases, consultants from other clinical disciplines are
asked to work together with the forensic pathologist or clinical
forensic practitioner (e.g. gynaecologists, paediatricians, emergency physicians). Separate disciplines could include forensic
entomology and forensic botanical science. This system is characterised by a number of disadvantages, for instance experts
from different fields may be involved in the case. For instance,
a number of different experts may appear in court and the
manner in which different opinions are given by them may
vary, often against the interests of the victim. Secondary victimisation may occur which could be avoided by changing the
way that injuries, stains or traces are secured.
While in some countries, for instance Germany, both the
clinical and the pathological aspects of forensic medicine are
undertaken by the same individual, in other countries this is
strictly separated due to specialisation. Whereas for example a
forensic pathologist in the UK or USA receives training in
pathology and then specialises in forensic pathology, a specialist
in forensic medicine in Germany has to study both forensic
pathology and also clinical forensic medicine. Postgraduate
training in forensic medicine differs from country to country,
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Figure 2.1 Tasks of forensic medicine. As a cross-sectional
discipline, it uses the knowledge of numerous different fields of
expertise.

Box 2.1 Areas of competence for specialists in forensic
medicine.
•
•
•
•
•
•
•
•
•
•
•
•
•
•
•

•
•
a
b

Investigations at the scene of death/crimea
External examinations of bodiesb
External examinations of bodies prior to cremationb
Estimation of the time since deatha
Identificationa
Forensic anthropologyb
Medicolegal autopsiesa
Clinical forensic medicine, particularly focused on the examination of injuries in living individualsb
Analyses for alcohol and drugsb
Forensic toxicologya
Clinical toxicologyb
Expert opinion on the ability to drivea
Expert opinion on the suitability for drivingb
Expert evidence on legal responsibilitiesb
Haemogenetics:b
○ paternity diagnostics
○ stain analyses
Coroners’ autopsiesb
Expert opinions given in courtb

Services only offered by forensic medicine.
Services concentrated in forensic medicine.

for example in Germany postgraduate specialisation in forensic
medicine takes at least 5 years (60 months) according to the
teaching regulations of the state medical chambers.
One common problem in many countries is that forensic
medicine is often extremely underfunded. Since forensic medicine carries out work for the police, justice and public health
departments, and is also engaged in medical education and
research, it should be financed by all four ministries in charge
(Ministry of Justice, Internal Affairs, Health Care and Science).
However, often forensic subjects and forensic institutions are
funded by Justice Ministries or Ministries of Science only and
therefore appear to be relatively underfunded. Forensic medicine and forensic sciences therefore need to pay close attention
to the great shifts of our day and age, and spare no effort to

Box 2.2 Typical and additional roles of a forensic physician.
After Howitt and Stark (1996) and Payne-James et al. (2011).
Typical roles
• Determine fitness to be detained in custody
• Determine fitness to be released
• Determine fitness to be charged: competence to comprehend
charge
• Determine fitness to transfer
• Determine fitness to be interviewed by the police or detaining
body
• Advise that an independent person is required to ensure
rights for a vulnerable or mentally disordered individual
• Assess alcohol and drug intoxication and withdrawal
symptoms
• Examine comprehensively a person’s ability to drive a motor
vehicle
• Undertake intimate body searches for drugs (e.g. anally/vaginally concealed drugs)
• Carry out precise documentation and interpretation of
injuries
• Take forensic samples
• Assess and treat personnel injured whilst on duty, including
needle stick injuries
• Pronounce life extinct at a scene of death and undertake a
preliminary advisory role
• Undertake mental state examinations
• Examine adult complainants of serious sexual assault and the
alleged perpetrators
• Examine alleged child victims of neglect, physical or sexual
abuse
• Examine victims and assailants in alleged police assaults
Additional roles
• Expert opinion in courts and tribunals
• Death in custody investigation
• Provide opinion in Fatal Accident Inquiries (FAI; Scotland)
• Pressure group and independent investigators in ethical and
moral issues:
○ victims of torture
○ war crimes
○ female genital mutilation (female circumcision)
• Refugee medicine (medical and forensic issues)
• Asylum seeker medicine (medical and forensic issues)

modernise themselves, to keep up-to-date and to develop, so
that they can play a fundamental role in the service of justice
and community and remain at the centre of academically qualified research and teaching.
In Scotland, funding of medicolegal services is provided by
particular service contracts between the Crown Office (Ministry of Justice) and the appropriate university departments
(of pathology) or the National Health Service (NHS). By this
method, posts and administration within such departments
are directly financed by the Crown Office based on contracts
running for periods such as 5 years. After this period, contracts
are reviewed and negotiated again. The system also applies to
clinical medicolegal services. Although it can be assumed that
this type of funding appears rather safe in terms of changing
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external factors and conditions, it might create problems
regarding the independency of forensic medical experts originating from a conflict of interest. Furthermore, departments
may be transformed to sole service providers, thus losing their
appropriate academic input.
University institutes of forensic medicine are responsible for
the teaching of medical students within the faculty. Essential
subjects of teaching are: postmortem examination, certificate
of death, legal and ethical issues within the profession, signs of
violence, securing and documentation of findings, contact with
the inquiring authorities, and duties and rights of experts and
witnesses.
Knowledge in legal medicine is indispensable for every physician since:
• Every doctor has to be able to carry out an external postmortem examination.
• Most victims of violence are treated in hospitals and private
practices and every physician has to be able to recognise and
record injuries and might be summoned to court.
• The physician has to know their own and the patient’s position in the respective legal system including all rights and
obligations.
• The doctor has to be informed about examinations that
might be carried out in an institute of legal medicine in
order to advise her or his patient adequately (e.g. on clinical
toxicology).
Additionally, the physician has to learn how medicolegal experts
evaluate statements and findings since she or he will also have
to verify their validity and significance in practice (e.g. defensive manoeuvres in cases of child abuse, simulated illness, etc.).
At conventional and traditional universities, forensic medicine is not only taught in the medical faculties but also in
several other faculties that are closely linked to this subject, for
example faculties of law and of mathematics and natural sciences (food chemistry, pharmacy, biology, chemistry).
It is the medicolegal commitment to research and teaching,
in particular, that creates an indispensable basis for proper
quality in services, thereby increasing the stability of law and
justice in society. Legal medicine also provides advice to jurisdiction and politics regarding case law and required amendments.
Medicolegal research deals with very specific subjects which
should remain separate from other subject areas; this is essential for public and legal security. Its main tasks are: thanatology,
traumatology as a basis for reconstruction of actions and movements, toxicological and molecular biological examinations of
forensically relevant matrices, ballistics of wounds, epidemiology and causal research in alcohol or drug affiliated traffic
accidents, establishment of limits regarding the ability to drive,
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and those aspects of medical law and status that originate from
forensic practice.
Knowledge based on medicolegal routine and research has
always been used in aspects of prevention. For example, an
important increase of passive vehicle safety could be derived
and developed from autopsy findings in road traffic accident
victims.
There can be no doubt that justice will only be able to reach
its maximum effectiveness if it can rely on a wide collaboration
of modern and dynamic medicolegal and forensic services,
services which need to operate at the swift pace of life and legal
changes (Vieira 2008). As there are various legal systems and
different types of medicolegal systems worldwide, international
cooperation and harmonisation is essential. As there is no international consensus on how forensic medicine should be delivered, there is a continuing need to learn about our similarities
and differences, in order to further harmonise the systems
within medicolegal practice, especially medicolegal autopsy
rules and laboratory procedures.
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Forensic Medicine
and Human Rights

Hans Petter Hougen

3.1 Human rights issues
Forensic pathologists are trained in trauma description, interpretation and report writing. They are used to cases including
all kinds of violence, and, therefore, it is natural that forensic
expertise is used in the documentation of human rights
violations.
In post World War II society, human rights are based on the
United Nations (UN) Universal Declaration of Human Rights
from 1948. This declaration was not ratified as a convention
until 1984. The majority of UN member countries have ratified
the convention, which has been integrated into their legislation,
and from 1994 the UN has had a High Commissioner for
Human Rights based in the Geneva office. Other conventions
have also been passed during the years and are integrated in
national legislations. Article 3 of the Declaration of Human
Rights states that ‘Everyone has the right to life, liberty and
security of person’. Article 5 states that ‘No one shall be subjected to torture or to cruel, inhuman or degrading treatment
or punishment’. These are the articles that are relevant for
forensic medicine.
Forensic documentation of human rights violations started
in the 1970s, primarily with the work of Amnesty International’s Danish medical group. Their results were reported, and
soon other organisations such as Physicians for Human Rights
took up this important work. During the last four decades
hundreds of publications have appeared on documentation of
human rights violations, mainly torture. The interest in and
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importance of the forensic documentation of human rights
violations have steadily grown. Thirty years ago virtually no
forensic pathologist dealt with the subject, but today there is a
wide acceptance of the importance of forensic documentation
of human rights violations. For instance, the subject forms
a natural part of international forensic conferences. The UN
High Commissioner for Human Rights has relied on forensic
documentation for many years, and other international organisations (such as the Organization for Security and Co-operation
in Europe (OSCE) and Organization of American States (OAS)),
frequently make use of forensic expertise in human rights violation cases. During the last 10 years the International Committee
of the Red Cross (ICRC) has also made use of forensic expertise
in their work.
The forensic human rights work today is based on different
activities: exhumation and examinations of bodies in singular
or mass graves (forensic archaeologists, forensic anthropologists, forensic pathologists, forensic odontologists, crime scene
technicians and morgue technicians); autopsies on fresh bodies
(mainly forensic pathologists and morgue technicians); examination of living torture victims (forensic pathologists and
psychiatrists); studies of documents like medical records,
police reports and autopsy reports (forensic pathologists); court
appearances, mainly international courts like the regional
human rights courts (the European, the African and the InterAmerican International Crime Court, the International Crime
Tribunal of former Yugoslavia (ICTY), etc.); and last but not
least publication of reports, scientific articles, text books and
conducting training courses.
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3.1.1 Human rights courts
The African Court of Justice and Human Rights, previously
named the African Court on Human and Peoples’ Rights, was
founded by the African Union in 2004. The court is located in
Arusha in Tanzania. The jurisdiction of the court is 15 of the
African states – those countries that are member states of the
Protocol of the African Charter on Human and Peoples’ Rights.
The European Court of Human Rights was established in
1959 by the Council of Europe. The court is located in Strasbourg, France, and its jurisdiction is the 47 member states of
the Council of Europe.
The Inter-American Court of Human Rights was founded
by the OAS in 1979. The court is based in San José, Costa Rica,
and together with the Inter-American Commission on Human
Rights it makes up the human rights protection system of the
OAS. Its jurisdiction is 21 of the South and Central American
states. The United States and Canada have not ratified the
convention.
There is no human rights court for the Asian or Pacific
region, although the question has been raised several times over
the years, most recently at an Asia–Pacific conference of lawyers.

3.1.2 Ad hoc and permanent tribunals
Ad hoc tribunals are a known system for dealing with the international prosecution of war crimes, among them genocide. The
first tribunal was set up in Nurnberg in 1945 after the Holocaust during the Nazi regime.
Tokyo War Crimes Tribunal lasted from 1946 to 1948, where
Japanese military and political leaders were charged with war
crimes committed in Japanese occupied countries during World
War II.
The ICTY was founded in 1993 in the Haag by the UN after
the beginning of the Balkan wars. The tribunal is scheduled to
end in 2014. Several Balkan leaders have been sentenced to long
imprisonment, while the cases against the two main characters,
Radovan Karadžic and Ratko Mladić, are only in their initial
phase.
The International Criminal Tribunal for Rwanda is, like the
ICTY, under the auspices of the UN and is situated in Arusha,
Tanzania. Several of the main perpetrators in the genocide in
Rwanda have been sentenced, while others still are awaiting trial
in detention.
Extraordinary Chamber in the Court of Cambodia, also
known as the Khmer Rouge Tribunal, is a national court established pursuant to an agreement between the Royal Government of Cambodia and the UN to charge senior members of
the Khmer Rouge for serious violations of the Cambodian
penal code and international humanitarian law between 1975
and 1979. The court was founded in 2003 and is situated in
Phnom Penh. The end date is still not scheduled.
The International Crime Court was founded by UN in 2002
and is situated in the Haag. One hundred and twenty of the UN
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members have ratified the statutes of the court. It is a permanent tribunal court to prosecute individuals for genocide,
crimes against humanity, war crimes and crime of aggression.
The court opens investigations when it finds it necessary, for
instance in the Democratic Republic of Congo, Uganda, Darfur
(Sudan), etc. The court frequently publishes a list of people who
have been indicted and among them are both previous and
present heads of states. The first verdict was in 2012 when
Thomas Lubanga from Congo was sentenced to 14 years
imprisonment for forcing children to fight as soldiers.

3.1.3 Exhumations and autopsies
Mass killings have unfortunately been – and still are – the
reality in several parts of the world. Often, the bodies are
dumped in graves, single graves or mass graves, and often the
graves are disguised. It is important to locate the graves, open
them, exhume and examine the bodies (Fig. 3.1). There are
several reasons why this should be done. First of all the relatives
need to know what has happened to their next of kin. The
identification and verification of the cause of death is also
important as evidence in criminal and human rights courts,
and finally documentation of the atrocities are important for
the prevention of new human rights abuses.
The first challenge is often to locate a grave. Unmarked
graves have been found both inside cities, in open land and in
forests, even in remote mountain areas. To find the location of

Figure 3.1 Exhumation of a single grave, the Philippines.
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a grave often needs assistance from botanists, geologists, archeologists and advanced technology like satellite photos and earth
radar, which have been helpful in several cases.
Once the grave is identified it has to be opened carefully, so
that evidence is not destroyed. Many mass graves have been
opened with shovels and even excavators, with the inevitable
result of broken and co-mingled bones. Forensic archaeologists
and forensic anthropologists play the key role in this part of the
work, ensuring that the excavation is done thoroughly and is
documented in the right way. Thereafter, the bodies are transported to a suitable place where they can be examined thoroughly by the pathologist to establish the cause of death, and
by the anthropologist and forensic odontologist to establish the
identity (if possible). Crime scene technicians register all the
personal belongings and document with photographs at all
stages of the process, and the morgue technician assists the

pathologist. This teamwork has proven very efficient on many
occasions in all continents of the world.
Fingerprint experts may also play an important role in the
identification process if the bodies are sufficiently preserved,
and if reliable comparison fingerprints are available. Forensic
geneticist assistance may also be required to establish the DNA
type of the deceased. The forensic anthropologist can reveal
gender, age, height, ethnicity and bone trauma. The pathologist
can document and interpret bone and soft tissue trauma and
other pathology, if soft tissue is present, and establish the cause
of death. The forensic odontologist can examine the denture
and make a comparison with antemortem data, if they exist,
and in that way identify the deceased. The forensic geneticist
can compare the DNA of the deceased with possible live family
members or with DNA from the deceased’s toothbrush, shaving
gear, etc.

Case example
In 1999, North Atlantic Treaty Organization (NATO) forces threw the Serbian army out of Kosovo. The UN initiated forensic work immediately after NATO had taken over, and several international teams worked in the country doing exhumations and autopsies, primarily
to document the causes of deaths of thousands of people who had been killed by the Serbs, but also to identify the deceased bodies
– lying on the ground, in wells and in rivers, buried in the countryside or in cemeteries, or lying more or less incinerated in burned houses.
Forensic teams were either working as stationary teams in tents converted into primitive autopsy facilities, or were working as mobile
teams doing open air autopsies (Fig. 3.2). The work continued in 2000 but then all the autopsies were performed at a central facility,
a previous factory, that was transformed into an autopsy facility during the winter 1999–2000 (Fig. 3.3). International teams consisted
of experts from more than 30 different countries, and in the year 2000 and thereafter the work was carried out according to the
guidelines of the Minnesota Protocol.

Figure 3.2 Open air autopsy on a hot summer day, Kosovo.
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Figure 3.3 Autopsy teams, Kosovo.

In several cases forensic genetics also plays an important
role in the documentation of human rights abuses. Examples
are in Argentina and Chile where many people disappeared
during the military regimes in the 1970s and early 1980s. On
many occasions, newborn children were taken from detained
women and adopted by families of the regimes. The true identities of these children have later been revealed through DNA
analyses.
The identification of victims from mass graves in Latin
America, the Balkans and other regions have later been made
later using DNA techniques. The International Commission on
Missing Persons (ICMP) maintains a DNA laboratory in Sarajevo, Bosnia, that processes samples of mortal remains on a
large scale. In addition, the Sarajevo laboratory maintains an
active programme of technical development and new methods
of validation.
Interpol has developed an international person identification form, the DVI (disaster victim identification) form, where
both antemortem and postmortem information can be registered. The antemortem forms are yellow and the postmortem
are pink; apart from that the forms are the same. They are
divided into a general part (clothing, personal documents,
jewelry, etc.), a pathology part (scars, tattoos, etc. plus external
and internal traumatology and pathology) and an odontology
part. All information can be processed electronically with soft-

ware especially developed for the purpose, if needed in incidents with several unidentified bodies.

3.1.4 Forensic observers and inspectors
International forensic observers may also be required for autopsies in high profile cases, where the death is, or is suspected to
be, due to human rights violations. Forensic observers may be
present at an autopsy to ensure impartiality and to check the
correct procedures are carried out; they are often present as
representatives at the request of international organisations
such as OAS, OSCE, etc. The situation of the local forensic
pathologist can be difficult, as most forensic pathologists
are government employees, and in cases of human rights violations the suspected perpetrators may be representatives of the
authorities. The presence of an international observer can
therefore be of great help for the local pathologist. Unfortunately, local pathologists can be under severe pressure and
therefore reluctant to sign reports opposing the authorities’
view on a case. A sad example is what happened in an African
country some years ago, where a well-known pathologist, who
on several occasions witnessed against the authorities, died in
a car accident that was never investigated thoroughly. A suspicion of foul play was evident.
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Case example
The Colombian Revolutionary Armed Forces, FARC, had kidnapped 12 local politicians from the city of Cali and kept them hostage for
5 years. Suddenly it was announced that they were dead and buried by the guerrillas in FARC-occupied territory. FARC said that they
were killed by the military, and the army announced that they were killed by FARC. The public demanded that the bodies should be
handed over to the families for burial, but FARC would not let the authorities enter their occupied area to exhume the bodies. After
long negotiations, the ICRC, together with the Swiss, Spanish and French embassies, managed to get permission from FARC to go in
and exhume the bodies. The bodies were buried in a remote jungle area, and the graves were difficult to locate. After several days of
intense search and digging the bodies were finally found and transported to the city of Cali (Fig. 3.4). At the Institute of Forensic Medicine all the bodies were autopsied under the strict supervision of an impartial, international expert committee consisting of forensic
pathologists, odontologists and anthropologists from Argentina, Canada, Denmark and Portugal. The committee was formed by OAS.
All the bodies were identified. They had all died of multiple gunshot wounds, but it was impossible to determine whether they had been
shot by FARC or the army. No irregularities were detected in the way the bodies were autopsied or identified.

Figure 3.4 Body bags with killed hostages, Colombia.

On some occasions international experts on inspection missions have been harassed by the local authorities, especially
when they have represented non-governmental organisations
(NGOs), for instance Amnesty International.

3.1.5 Autopsy protocols
Forensic autopsies and preparations of autopsy reports should
preferably be done according to the Minnesota Protocol. This

Case example
A human rights activist was killed in 1996 in his house in Nairobi, Kenya by unknown intruders. Amnesty International was contacted
by the NGO for whom the deceased had been working. The autopsy was scheduled for the next day, and Amnesty International was able
to find a forensic pathologist who left for Nairobi a few hours later. The next morning the forensic pathologist was taken to the city
morgue, where the autopsy was to be performed. The morgue supervisor had been informed by the police that activists would come
with a foreign forensic pathologist, and he tried to prevent his presence at the autopsy. The doctor doing the autopsy arrived and was
informed about the foreign expert and had no objections to his presence; but midway through the autopsy the morgue supervisor came
with the police and together they virtually threw the foreign export out of the morgue. After some arguing, however, he managed to
get in again. After the autopsy, which showed that the cause of death was blunt force to the head caused by a heavy blunt object, the
foreign pathologist was interviewed by a newspaper and the next morning there was a front page article with a photo, where the pathologist told that he had been harassed. The host organisation did all they could to hide the pathologist, and his embassy had to take several
precautions to get him safely out of the country.
A few years prior to this incident, a doctor representing Physicians for Human Rights was detained for several days after he had
been present at an autopsy where foul play was suspected.
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protocol forms part of the ‘Manual on the Effective Prevention
and Investigation of Extra-legal, Arbitrary and Summary Executions’. The manual was adopted by the UN in 1990 and
contains legal, forensic pathology and forensic anthropology
chapters. Unfortunately this manual is not as well known
among forensic pathologists as it is in the international courts.

3.1.6 Clinical forensic examinations
As forensic pathologists in many countries of the world are also
trained in clinical forensic medicine, the examination of living
victims of human rights abuses, i.e. torture victims, should
whenever possible be performed by them. In countries where
clinical examinations are not part of forensic pathology work,
specially trained clinicians should perform the examination of
these persons. However, forensic pathologists and most clinicians are not specialists in psychiatry, and since torture victims
almost invariably have mental sequelae, a psychiatric evaluation
should be included if possible as a natural part of the examination. Torture is described in more detail later in this chapter.
Torture victim examinations can either be done during factfinding missions performed by NGOs, like Amnesty International and Physicians for Human Rights, or by international
organisations such as the UN (the High Commissioner of
Human Rights’ Special Rapporteur on Torture), or examinations can be performed by local forensic doctors. Local forensic
doctors in countries where torture takes place may be at risk if
they examine torture victims, and therefore often need protection or assistance from, for instance, the UN or other international organisations. However, there are unfortunately several
accounts of doctors who have done this important work at
personal risk and have suffered the ultimate consequences.
Situations like this can be avoided if the examination is performed by, for example, the Special Rapporteur on Torture, as
he or she and their team always visit a country with an official
invitation from the government. Luckily, however, several
doctors have done – and still do – important torture documentation in less democratic countries without suffering major
harassment from the authorities.
Case example
The political climate in the West African country Togo became
unstable early in the 21st century. Human rights had deteriorated
considerably, and due to the poor human rights conditions, the
European Union (EU) put a large economic support to the country
on hold. The government promised to improve the human rights
conditions, and the Special Rapporteur was invited to visit the
country. In 2008 the rapporteur at that time, Professor Manfred
Nowak, and his team, also including a forensic pathologist,
visited the country and paid many non-announced inspection
visits to police stations, detention centres, prisons and military
camps. Several violations of human rights conditions, both judicial and medical, were detected, but no case of torture was
found. It was obvious that the human rights situation had
improved, even though it was far from perfect. Later on, the EU
reinstalled economic support to the country.
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Fact-finding missions may also be used to document largescale forced population displacement and forced labour. An
example is a series of investigations performed in the border
area of Thailand and Burma. The dictatorship in Burma often
forced locals to work as slaves on road building and other
public projects and as carriers for the army. At the same time
they often force entire village populations to abandon their land
and move to more remote areas. As soon as the inhabitants are
forced out of their houses, the village is mined to hinder them
from returning home. Such mining unfortunately results in
many land mine victims (Fig. 3.5) and the result of the slavery
is severe suffering and often death (Fig. 3.6).
Hundreds of thousands of people live as refugees in the
Western world and many of these people are torture victims.
Groups of doctors, such as Physicians for Human Rights in
the USA and the Amnesty International Medical Group in
Denmark, have for many years examined torture victims who
have fled from their country of origin. This work is important
not only for the torture victim (documented torture may
improve the possibilities of obtaining asylum), but also for
documentation of the atrocities, using publication to induce
pressure on both local and international authorities.
Examination of victims immediately after the torture
has taken place is usually difficult, as many authorities keep
the victims until bruises, excoriations, etc. have disappeared.
However, local trained doctors have over the years documented
a substantial amount of information on recent torture victims.
Recent torture cases have also been examined during different
international fact-finding missions. Medical groups in the
Western countries mostly examine victims with sequelae to the
torture.
Torture victims should always be examined according to the
Istanbul Protocol. This document is the result of work done by
an international expert group and was adopted by the UN in
1999. The manual is widely available and is used all over the
world thanks to years of promotion work, including training
courses, performed by several NGOs.

3.1.7 Forensic evaluation based on
documents
The need for forensic evaluation in human rights violation
cases may arise several years after the person or persons in
question are dead, and exhumation and further investigation
of the body may be impossible for various reasons (e.g. cremation). However, as forensic pathologists are used to preparing
reports based not only on autopsy findings but also including
information from medical records and police reports, evaluations can be performed based on documents. This evaluation
may of course not be of the same quality as if one had been
present at the autopsy, but it can be valuable in court cases,
particularly if photographs of the crime scene, exhumation,
autopsy, etc. exist.
Experienced human rights forensic pathologists are frequently approached by different human rights organisations,
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Figure 3.5 Land mine victim, Burma. He was smuggled out of the country and the photo was taken at a hospital in Thailand.

Figure 3.6 Forced labour, Burma. Villagers are forced to carry heavy weights of cargo over long distances. The painting was made by a
survivor.

families of victims or their lawyers, and sometimes also by
authorities, to evaluate a case. In these cases, as in all other
forensic work, impartiality is of the utmost importance and
one should always be careful not to overinterpret findings
and statements. It is also important to be aware of the
possibility of inaccuracy in the original autopsy report due to

circumstances under which the local pathologists work. Again,
most forensic pathologists are government employees and in
many countries this is unfortunately often incompatible with
total impartiality. Case reviews have on several occasions played
an important role in the outcome of human rights violation
cases.
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Case examples

Case example

A Danish and a Portuguese forensic pathologist reviewed a case
from Egypt, where a young man was beaten to death by police
officers. The officers were finally sentenced to 4 years’ imprisonment. The report from the foreign forensic pathologists played
an important role in the outcome of the case. The death of the
young man due to police brutality played an important role in
the start of the Egyptian revolution in the beginning of 2011.

In 1991 two young brothers, 14 and 17 years old, were approached
by the police in the city of Callao, Peru. The police suspected
that they were planning a theft. The boys were taken outside the
city in a police car, where they were beaten up and shot through
the hands, and finally shot in the head. The family was worried
when the boys did not come home for supper and they searched
for the boys everywhere, but with no result. Finally, the family
received information that the boys could be dead, lying in the
morgue. The family went to the morgue and identified the boys.
The boys were autopsied, and the cause of death was stated
as gunshot wounds to the head. The family took a few photos of
the dead boys lying in their coffins prior to the funeral. The
family sued the authorities and finally, after several years, the
responsible policemen were sentenced to several years in prison.
However, the family wanted compensation, and the case went all
the way to the Inter-American Court of Human Rights. Their
lawyer, an international human rights defense lawyer, who was
working primarily pro bono, asked two Spanish forensic pathologists to review the case. They made a report that was included
in the case file. When the case came up in the Inter-American
Court in 2003 the lawyer asked two other doctors, one with
many years’ experience in anti-torture work, and the other, an
experienced forensic pathologist, to act as expert witnesses in
the court. They travelled to San José and witnessed for the court
on the torture aspects and forensic pathology interpretations of
the injuries based on the documents of the case and the amateur
photos. The state of Peru was found guilty and was sentenced
to pay a considerable economic compensation, to publish the
verdict and to name a public school after the boys.

In a case at the Inter-American Court of Human Rights in the
second half of 2011, the State of Ecuador was accused of negligence and violation of human rights. In 1992 a man was caught
by the police during a robbery. He fired at the police, they
answered the fire and the man was wounded. The police took him
to a hospital where he was observed for some hours and then
discharged. The police brought him back to the detention centre
but his situation deteriorated rapidly. He was re-hospitalised and
was kept for several days only treated with intravenous glucose
water. He became febrile and unconscious, and was then transferred to a hospital in a larger city, where he was operated on
and the surgeons found a perforated intestine and severe peritonitis. The man died a few days after the surgical intervention.
The family complained of neglect and human rights abuse from
the doctors and the hospital management and filed a case
against them. The case went through the national court system
and finally ended in the Inter-American Court of Human Rights
in 2011. The court asked two internationally known forensic
experts to review the case. At this time there was no body to
examine, so the experts were left with documents only. Based
on the hospital records, police reports and some witness information the experts made a report that clearly stated that it
was a case of severe medical neglect. The Court found the
State of Ecuador guilty and sentenced the state to pay a considerable economic compensation to the family, together with an
obligation to publish the verdict throughout the country, and to
change and strengthen the rules regarding treatment in public
hospitals.

3.1.8 Expert witnesses in international
courts
In contrast to other medical specialists, forensic pathologists are
used to appearing in court as expert witnesses. This forms an
important part of the forensic pathologist’s work as he or she
here has the possibility of further explaining and underlining
the facts of the report in a language understood by non-medical
professionals. The different international courts vary in their
use of forensic expertise in human rights violation cases, for
instance the ICTY only occasionally has used forensic expertise,
while forensic experts have often acted as expert witnesses
in cases brought before the Inter-American Court of Human
Rights. The special crime court in Cambodia dealing with cases
against former Khmer Rouge leaders has only recently considered the idea of consulting forensic expertise. It is also thoughtprovoking that many human rights lawyers are unfamiliar with
the capabilities and usefulness of forensic expertise in the court
room.

3.1.9 Training and research
Training is a cornerstone in forensic human rights. Physicians
for Human Rights, the International Rehabilitation Council
for Torture Victims (IRCT), the Norwegian Medical Association, and others have web-based training programmes. Summer
schools, PhD courses, seminars and conferences are arranged
by several universities and NGOs. Tuition is on several levels –
from grassroots to the highest postgraduate academic level.
One training programme that has recently finished in Turkey
comprised the teaching of more than 4000 doctors, practicing
lawyers and judges in the understanding and application of the
Istanbul Protocol. This vast training programme was planned
and carried out by the IRCT and the Human Rights Foundation
of Turkey. Every year the IRCT arranges Istanbul Protocol
training courses in collaboration with their local representatives in different parts of the world, and the Argentine Forensic
Anthropology Team (Equipo Argentino de Antropología Fo
rense; EAAF) arranges combined forensic anthropology/
forensic pathology/forensic genetics courses in collaboration
with local human rights organisations in both Africa and Asia.
Written manuals and other teaching materials are produced by
several different organisations and are easily accessible via the
internet. The IRCT publishes a free Medline indexed scientific
journal, Torture, which publishes a variety of human rights
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related (mainly forensic) articles. There are many activities arranged, but the need for knowledge is immense. Unfortunately,
the documentation of human rights violations is still far from
complete.

3.1.10 International expert network
Relatively few forensic specialists work with human rights violation cases, and the majority do it part time as their main
occupation is elsewhere, for instance in universities or state
forensic institutions. The work is international and the experts
collaborate or represent different organisations; the need for an
international expert network has been felt by many of us for
years. In 2009 such a network was formed by IRCT and the
University of Copenhagen. Since then the network has been
activated on several occasions and has shown to be effective
and rapid. The network has, for instance, already published an
operational manual for forensic examination methods by
medical teams, has made a statement against hooding that led
to the practice now being condemned in Britain and has also
intervened effectively in specific human rights abuse cases.

3.2 Torture
The UN definition of torture is stated in Article 1 of the
Convention Against Torture and other Cruelties, Inhuman or
Degrading Treatment or Punishment from 1948. Torture was
already mentioned in the Human Rights Declaration from 1948
(Article 5) but with no clear definition. Under the UN Convention Against Torture of 1984, torture involves intentional infliction of pain, by a public official, to obtain information. The full
definition of torture is:
Any act by which severe pain or suffering, whether physical or mental, is intentionally inflicted on a person for
such purposes as obtaining from him or a third person
information or a confession, punishing him for an act he
or a third person has committed or is suspected of having
committed, or intimidating or coercing him or a third
person, or for any reason based on discrimination of any
kind, when such pain or suffering is inflicted by or at
the instigation of or with the consent or acquiescence of
a public official or other person acting in an official
capacity.
This definition excludes ‘pain or suffering arising only from,
inherent in or incidental to lawful sanctions’, which seems
designed to permit the death penalty.
The Convention Against Torture has been ratified by most
of the UN member countries. To monitor the prevention of
torture and other cruel, inhuman or degrading treatment or
punishment, the UN has established the Committee Against

Torture (CAT). CAT consists of 10 independent experts elected
by the member states. All member states are obliged to submit
regular reports to CAT on how the rights are being implemented. States must report initially 1 year after acceding to the
Convention and then every 4 years. CAT examines each report
and addresses its concerns and recommendations to the
member state(s) in the form of ‘concluding observations’.
In addition to the reporting procedure, the Convention
establishes three other mechanisms through which CAT performs its monitoring functions: (i) CAT may also, under certain
circumstances, consider individual complaints or communications from individuals claiming that their rights under the Convention have been violated; (ii) undertake inquiries; and (iii)
consider inter-state complaints.
According to the Convention torture is absolutely prohibited
under all circumstances, both in war and in peacetime. Unfortunately, many of the countries who already have integrated
the Convention in their national legislation fail to meet these
requirements. Even though physical punishment (e.g. whipping) is not included in the torture definition, this act is inconsistent with Article 5 of the UN Declaration of Human Rights.
However, several of the UN member countries still practice
physical punishment and the death penalty.
The Geneva Conventions and their Additional Protocols are
at the core of international humanitarian law, the body of international law that regulates the conduct of armed conflict and
seeks to limit its effects. They specifically protect people who
are not taking part in the hostilities (civilians, health workers,
aid workers) and those who are no longer participating in the
hostilities, such as the wounded, the sick, shipwrecked soldiers
and prisoners of war. The conventions date back to 1864 when
the first was adopted by 12 nations based on an initiative by
Henri Dunant, the founder of the ICRC. New protocols were
added after international diplomacy conferences during the
years on the initiatives of the ICRC and the Swiss government.
In 1949 the modern version was signed after yet another international conference in Geneva and the conventions were
adopted by the UN. Later additional protocols have been
included which deal with:
• The protection of persons deprived of liberty, especially in
non-international armed conflicts.
• Mechanisms of control for the respect of international
humanitarian law and reparations to victims of violations.
• The protection of internally displaced persons.
• The protection of the natural environment.
The Council of Europe is an international organisation promoting cooperation between all countries in Europe in the
areas of legal standards in human rights, democratic development, the rule of law and cultural corporation. It was founded
in 1949, and has 47 member states with some 800 million citizens. In 1987, the European Convention for the Prevention of
Torture and Inhuman or Degrading Treatment or Punishment
was adopted by member states of the Council of Europe. It was
subsequently amended by two protocols that entered into force
in 2002.
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The European Committee for the Prevention of Torture and
Inhuman or Degrading Treatment or Punishment or, more
shortly, the Committee for the Prevention of Torture (CPT), is
the anti-torture committee of the Council of Europe. The CPT
visits places of detention in the member states. The visits
are unannounced and are carried out by small teams of CPT
members, who usually call in additional experts, like forensic
doctors. After each visit a report about the findings and recommendations are drawn up and sent to the respective governments. After 20 years of experience this European model was
adapted and generalised by the UN through the Optional
Protocol under the Convention Against Torture (OPCAT) in
2006. So far 60 UN member countries have ratified the protocol, and a further 22 countries have signed but not yet ratified
it. OPCAT, which entered into force in June 2006, has created
the Subcommittee on Prevention of Torture (SPT). The SPT
has a mandate to visit places where persons are deprived of their
liberty in the membership countries. Under the Optional Protocol, membership countries should establish independent
national preventive mechanisms for the prevention of torture
at the domestic level.
The World Medical Association (WMA) has a set of international guidelines for physicians concerning torture and other
cruel, inhuman or degrading treatment or punishment in relation to detention and imprisonment – the Tokyo Declaration.
It was adopted in 1975. According to the declaration, torture is
defined as:
The deliberate, systematic, or wanton infliction of physical or mental suffering by one or more persons acting
alone or on the orders of any authority to force another
person to yield information, to make a confession, or for
any other reason.
The eight paragraphs of the Tokyo Declaration are listed
below, and six of the paragraphs deal directly or indirectly with
torture.
1. The physician shall not countenance, condone or participate in the practice of torture or other forms of cruel,
inhuman or degrading procedures, whatever the offense
of which the victim of such procedures is suspected,
accused or guilty, and whatever the victim’s beliefs or
motives, and in all situations, including armed conflict and
civil strife.
2. The physician shall not provide any premises, instruments,
substances or knowledge to facilitate the practice of torture
or other forms of cruel, inhuman or degrading treatment
or to diminish the ability of the victim to resist such
treatment.
3. When providing medical assistance to detainees or prisoners who are, or who could later be, under interrogation,
physicians should be particularly careful to ensure the confidentiality of all personal medical information. A breach
of the Geneva Conventions shall in any case be reported by
the physician to relevant authorities.
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4. The physician shall not use nor allow to be used, as far as
he or she can, medical knowledge or skills, or health information specific to individuals, to facilitate or otherwise aid
any interrogation, legal or illegal, of those individuals.
5. The physician shall not be present during any procedure
during which torture or any other forms of cruel, inhuman
or degrading treatment is used or threatened.
6. A physician must have complete clinical independence in
deciding upon the care of a person for whom he or she is
medically responsible. The physician’s fundamental role is
to alleviate the distress of his or her fellow human beings,
and no motive, whether personal, collective or political,
shall prevail against this higher purpose.
7. Where a prisoner refuses nourishment and is considered
by the physician as capable of forming an unimpaired and
rational judgment concerning the consequences of such a
voluntary refusal of nourishment, he or she shall not be fed
artificially. The decision as to the capacity of the prisoner
to form such a judgment should be confirmed by at least
one other independent physician. The consequences of the
refusal of nourishment shall be explained by the physician
to the prisoner.
8. The World Medical Association will support, and should
encourage the international community, the National
Medical Associations and fellow physicians to support, the
physician and his or her family in the face of threats or
reprisals resulting from a refusal to condone the use of
torture or other forms of cruel, inhuman or degrading
treatment.
The definition of torture in the Tokyo Declaration is much
wider than the UN definition. It is not restricted to government
officials or people acting on behalf of the authorities, and in
contrast to the UN definition it does not exclude physical punishment. One has to take into account that the Tokyo Declaration is written by doctors, for doctors, and only the highest
ethical standards can be accepted for doctors. The UN declaration is a legal document binding states and is incorporated into
the legislation.
Prior to the UN Declaration of Human Rights in 1948 there
were no international rules in this field, but prohibition of
torture was incorporated into national legislation in many
Western countries at the end of the 18th and the beginning of
the 19th centuries. Torture is well-known from history and has
been used openly by authorities to provoke confessions and
information, and/or as part of punishment.
The Christian Church played an active role in torture for
about 600 years from the 13th to the 19th century. The most
widely known are the Spanish and Portuguese Inquisitions. Not
only the Catholic Church but also the different Protestant
churches frequently applied torture, usually in collaboration
with the secular authorities. Witch hunting followed by
summary legal proceedings – including torture-provoked
confessions and ending with burning in public of the ‘guilty’
while still alive – was not uncommon in Europe for several
centuries.
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Torture disappeared at least officially in the Western world
during the 18th and 19th centuries, but reappeared during the
totalitarian regimes in Russia and Germany in the 20th century.
Today, torture is prohibited in the Western world and is rare,
although not completely absent. In many other parts of the
world torture is unfortunately part of the interrogation procedures used by the police and other authorities. The yearly
reports by Amnesty International clearly document this sad
fact. In almost all countries where torture takes place it is not
officially admitted by the authorities as they have incorporated
both the UN Declaration of Human Rights and conventions
against torture in their legislation. It seems as though the most
important ‘reason’ for torture today is not to obtain information or to punish, but to break down the mind and personality
of persons who represent opposition and therefore are a threat
to non-democratic regimes.

3.2.1 Torture methods
Many different torture methods have been reported, both physical and psychological. Psychological torture methods will just
be briefly discussed as forensic pathology is focused on signs of
physical torture.

Blunt force injuries
Many reports show that blunt force injury, like beating and
kicking, is a part of almost all torture sessions (Table 3.1). Many
torture victims have reported that blunt force injury has been
used as the ‘introduction’ to the real torture sessions with more
sophisticated methods, while other torture sessions only include
blunt violence. Blunt violence is mostly applied on the body,
but also often against the arms, legs, head and face. The violence
is often kicking with boots or hitting with fists, especially in the
face. Different forms of instruments are also often used. A
police truncheon is an effective weapon, which can cause severe
damage. Instead of truncheons, which can be of different
lengths and can be handled with one or two hands, the police
in some countries also use long sticks like lathis in Nepal and
India. The effects of this torture include bruising and swelling,
and fractures of the arms, fingers, ribs and skull. Fractures of
the facial bones and teeth are also not infrequent. Blunt violence to the head can cause intracranial hemorrhages. Kicking
and stamping on the body can lead to lacerations of internal
organs, pneumothorax and fatal hemorrhage.
A special kind of blunt force torture is falanga, also called
falaka or bastinado, which is beating of the foot soles with
truncheons, sticks, metal wires or other elongated instruments.
The victim is usually lying down, either prone or supine, during
the torture session. Falanga is not only painful to the feet,
but the pain often spreads to the rest of the body and the head.
The feet swell and if the beating has been intense and prolonged, the skin of the foot sole may burst. Not infrequently the
torture victim is forced to jump up and down on bare feet or

Table 3.1 Torture methods reported by 235 torture victims from
35 different countries. Percentages exceed 100, as
almost all victims had been tortured in many ways.
Torture method

Reported use

Blunt trauma
(beatings, including falanga, kicking, whipping)

99%

Positional torture
(suspension, streaking of limbs, forced
positioning)

53%

Burns
(with cigarettes, heated instruments, hot or
caustic liquids)

34%

Electrical torture

24%

Penetrating injuries
(stab and gunshot wounds)

21%

Asphyxiation

18%

Sexual violence

18%

Crush injuries
(crushing fingers or heavy rollers to injure
thighs or back)

17%

Chemical exposure
(salt, chilli pepper, gasoline in wounds or body
orifices)

11%

Poor detention condtions
(cold, hot, solitary confinement, forced nudity)

9%

Sensory deprivation
(sound, light, sense of time, sleep restriction)

8%

walk on uneven surfaces, stones, etc. after the falanga torture,
which is extremely painful. This torture method has been used
in the Middle East for centuries, but has also spread to both
Europe (Greece, in the junta regime in the 1960s and Spain in
the Franco period) and Asia (India, Nepal) and even to Central
and South America, although reports of falanga are scarce from
that part of the world.
Whipping has been an integrated part of torture and punishment for thousands of years. It is well described from most
of the civilisations in Asia, Africa and Europe. In Europe it was
used by both the Greeks and the Romans and later by both the
Inquisition and secular authorities. Whipping was also a frequently used punishment for slaves in America. Today, whipping is still accepted as punishment in several Middle East
countries, and also in some Asian and African countries (Fig.
3.7). Either a whip or a cane is used for the whipping sessions.
The victim is usually tied to a pole and is then whipped on
the naked back. Whipping is a torture method that may be
combined with the application of salt, pepper and chilli in the
wounds afterwards. Whipping causes intense pain, and prolonged and fierce whipping may cause death. The wounds often
become infected and may lead to death.
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In 2007 it was reported that the Central Intelligence Agency
(CIA) was using waterboarding on extrajudicial prisoners and
that the Department of Justice had authorised the procedure,
even though the United States government hanged Japanese
soldiers for waterboarding US prisoners of war in World War
II. The CIA confirms using waterboarding on three Al-Qaeda
suspects in 2002 and 2003. During the presidency of George W.
Bush, US government officials at various times said they did
not believe waterboarding to be a form of torture.

Electrical torture

Figure 3.7 Whipping, Togo. The victim was accused of the theft
of two chickens and was whipped to provoke a confession.

Near-drowning
A torture method that was frequently used in Latin America
under the military regimes in the 1960s, 1970s and 1980s was
the submarino (submarine). There were two versions of this
torture, the wet and the dry. The wet submarino, also called ‘la
bañera’, is where water is used. The water is often polluted with
urine, faeces or vomit and the victim’s head held under water
until nearly reaching the point of drowning. This is usually
repeated several times. The other form is the dry submarino,
where a plastic bag is placed over the head and held firmly to
the neck, so no air can enter. The plastic bag is then kept over
the victim’s head until the point of choking, then torn off and
often replaced again several times. Both wet and dry submarino
techniques were also commonly used under the Franco regime
in Spain and the methods have also been reported from other
parts of the world.
Waterboarding is a form of torture in which water is poured
over the face of an immobilised captive, thus causing the individual to experience the sensation of drowning. Waterboarding,
like submarino, can cause extreme pain, damage to the lungs,
brain damage from oxygen deprivation, other physical injuries
including broken bones due to struggling against restraints,
lasting psychological damage and death. The term waterboard
torture appeared in press reports as early as 1976 from Cambodia. Although a variety of specific techniques are used in
waterboarding, the victim’s face is usually covered with cloth or
some other thin material, and the subject is immobilised on his/
her back. Water is then poured onto the face over the breathing
passages, causing an almost immediate gag reflex and creating
the sensation of drowning.

This torture method has been, and unfortunately still is, widespread. Electrodes are usually placed on sensitive parts of the
body, like the genitalia, anus, nipples, tongue and lips. Several
torture victims have reported that equipment with variable
amperes has been used. Electric cattle prods have also been used
on many occasions as torture instruments. In a more recent and
infamous case the crown prince of Abu Dhabi tortured a previous business associate by inserting an electric cattle prod in the
victim’s anus.
A variety of electric shock devices or weapons are available
on the market, such as taser guns, electric shock batons or stun
belts. Several police forces use these devices and they are unfortunately also frequently used as torture instruments. CAT
reports that taser use can be a form of torture due to the acute
pain caused and warns about the possiblity of death in some
cases. The use of stun belts has been condemned by Amnesty
International as torture, not only for the physical pain the
device causes, but also for their heightened abuse potential.
Electric shock causes immediate pain, but can also cause cardiac
arrest due to universal depolarisation.

‘Telefono’
‘Telefono’ is the Spanish word for telephone and the technique
consists of simultaneous slapping both ears. This results in
acute, severe ear and headache and usually tympanic rupture.
The method was frequently used in Latin America, Greece and
Spain during the military regimes.

Burning
Burning, especially with cigarettes, is a widespread torture
method usually applied in combination with other torture
methods. Apart from the pain, the burns can get infected, and
large burns may be lethal.

Finger torture
Fingers are often subjected to torture. One method is to place,
for instance, a pencil between the fingers and press them
together. This is very painful as the sensitive periost of the
phalanges is affected. The nails can also be the target of torture
by pressing a sharp object up under the nail or pulling the nail
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out. Fingers can also be broken or crushed – the Chilean singer
and guitar player Victor Jarra had his fingers and wrists broken
so that he was no longer able to play the guitar; soon after he
was killed by the military.

Suspension torture
Different forms of suspension as part of the torture has been –
and still is –widely used. The victims are suspended by the
hands or head down by the feet. A variant of suspension is the
‘Palestinian hanging’ or ‘strappado’, where the victim’s hands
are tied behind the back before the victim is suspended by the
hands. Weights may be added to the body to intensify the effect
and increase the pain. The name ‘Palestinian hanging’ is most
probably a misnomer since it is neither a Palestinian nor an
Israeli invention, nor used more frequently in that region than
in other parts of the world. The suspension method seems to
have been widely used in Europe up to the beginning of the
19th century; it was also one of many methods of punishment
used in German concentration camps during the Nazi regime.
The Khmer Rouge regime of Cambodia in the 1970s also used
this variant of suspension as part of the torture.
Suspension is usually combined with blunt force violence,
burning, chemical torture (acid or caustic) or electric torture.

Case example
One of the witnesses in the trail against Saddam Hussein told
that he was arrested in Dujail following an assassination attempt
against Saddam and later taken to the Baghdad headquarters of
the Mukhabarat intelligence agency. Interrogators forced him to
strip and then hung him from his feet before beating him with
hoses and applying electric shocks to him, including ‘sensitive
parts’ of his body, the man testified. At one point, Saddam’s
half-brother and former intelligence chief Barzan Ibrahim joined
the interrogation along with two men in civilian clothes. Ibrahim
asked one of the men to light a cigarette for him, and he then
put it out on the witness’s head, the court heard.

Another variation of suspension is ‘crucifixion’, where the
victim is tied with spread arms to a horizontal pole or a cross.
The parrot perch, also called ‘Pau de arara’ refers to a physical torture technique designed to cause severe joint and muscle
pain (to the wrists, ankles, legs and knees), as well as headaches.
The position also causes congestion of the head with the risk
of brain damage and may also impede respiration and circulation, causing death. The technique consists of a tube, bar or
pole placed over the victim’s biceps and behind the knees while
tying the victims ankles and wrists together. The entire assembly is suspended between two metal platforms forming what
looks like a parrot’s perch. This technique is believed to originate from Portuguese slave traders, who used it as a form of
punishment for disobedient slaves. Its use was widespread by

agents of the political police of the Brazilian military dictatorship against political dissidents in the 1960s and 1970s, and it
is still believed to be in use by Brazilian police forces, although
outlawed. The device was often used as a restraint for other
torture techniques, such as water boarding, nail pulling, branding, electric shocks and sexual torture.
Suspension causes severe pain to the region that has been
tied, but depending on the method of suspension it may also
cause severe pain of, for instance, the shoulder joints as well as
causing ruptures of tendons and luxation of shoulder joints.
‘Palestinian hanging’ may also cause fractures of the scapular
part of the shoulder joint and may impede respiration. Suspension with the head down may cause brain damage due to congestion and may lead to death due to circulatory collapse.

Positional torture
There are many forms of positional torture, all of which tie
or restrain the victim in contorted, hyperextended or other
unnatural positions, which cause severe pain and may produce
injuries to ligaments, tendons, nerves and blood vessels. Characteristically, these forms of torture leave few, if any, external
marks or radiological findings, despite subsequent frequently
severe chronic disability. Positional torture is directed towards
the tendons, joints and muscles.
The ‘five-point tie’ is a technique of trussing up a captive
used in several African countries. A rope is tied round the
wrists, ankles and neck or mouth, holding the trunk tightly in
extreme extension. An attempt to relieve the pain by moving
one limb tightens it more around the others.
In China, many forms of shackling are used as punishment
and are given nicknames to disguise the appallingly painful
methods used. For instance, Su Qin bei jian (literally ‘Su Qin
carries a sword on his back’) describes the shackling of one arm
pulled over the shoulder to the other which is twisted behind
the back. Another is liankao, describing various methods of
shackling the hands and feet behind the back.
Cramped or distorted postures or prolonged standing are
used routinely in many countries. An example is in Israel where
‘moderate physical pressure’ is permitted by law. Several techniques have been devised by the General Security Service (Shin
Bet) and are routinely used to put detainees under undue stress.
In shabeh, the victim is shackled for hours to a low chair whose
front legs have been shortened so that the detainee must constantly struggle to avoid sliding off. Shabeh is usually combined
with methods of abuse, such as placing an often filthy sack
over the victim’s head, exposing him or her to loud music and
sometimes to extreme temperatures and sleep deprivation. In
gambaz, the detainee is forced to crouch on his toes in the ‘frog’
position for long periods. In kas’at tawila, the subject is made
to kneel with his back up against a table and his cuffed arms
resting on the table behind him while the interrogator’s legs
push against his shoulders. A small chamber nicknamed the
‘refrigerator’ is used to keep the victim immobile for hours or
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days. The use of coffin-like boxes, where victims have been
forced to stand up for several days, have been reported from the
Turkish Kurdistan.
CAT has determined that restraining detainees in painful
positions is by itself an act of both torture and cruel, inhuman
or degrading treatment. It recently determined that the use of
‘short shackling’ by US personnel constitutes either torture or
cruel, inhuman or degrading treatment and has recommended
that the method be prohibited.

3.2.2 Sequelae to torture
Most examinations of torture victims are performed months to
years after the torture has taken place. All wounds are healed,
and the physical signs that can be detected are scars, neurological symptoms, broken or missing teeth, musculoskeletal and
visual or hearing impairment. Many torture methods leave no
scars or other physical sequelae and are therefore not possible
to document somatically. The scars are often non-specific and
are therefore not sufficient per se to document torture. The
torture history is therefore often more important than the
physical findings.
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of the instrument used for whipping. The scars are often
without the tramlines and are either hyper- or hypopigmented.
Africans not infrequently show keloid formation of the scars.

Case example
A 42-year-old Sikh from India was detained by the police after
a religious ceremony. He was detained for 2 weeks, where he
was tortured several times. He was hit all over the body with
lathis and ropes. He was also forced to lie down and was tied
with a belt and submitted to falanga with lathis. He was tied
around the ankles and hung with the head down for a long time,
while he received kicks and beatings with lathis. He was released
but arrested again half a year later and detained for 10 days.
During this detention he was again beaten and submitted to
falanga, suspended with the head down, and burned on his back
with a hot iron bar. On one occasion chilli powder was inserted
into his anus. After the 10 days, the family managed to bribe a
warden and he was released and smuggled out of the country.
At the examination 1 year after the last torture session, he had
several irregular scars scattered around on the body and limbs
and several 10–15 cm long, 1–2 cm wide hyperpigmented scars on
his back. He also had discreet linear scars around the ankles.
Both foot soles were flattened and he had distinct pressureprovoked pains. He had clear symptoms consistent with posttraumatic stress disorder (PTSD).

Blunt force
Blunt force, especially against the head, may lead to more or
less permanent headache and visual and hearing impairment.
Peripheral nerve damage may cause permanent neurological
symptoms, and incorrectly healed fractures may cause chronic
pain and impaired movement of the limbs. X-ray may be valuable to verify healed fractures.
Due to the proximity between the plantar aponeurosis and
the bones of the foot, the compartment with nerves and vessels
is small and the aponeurosis is so inflexible and tightly attached
that there is very little space for expansion of the compartment.
If a person is subjected to falanga torture the result is swelling
due to edema and hemorrhages. If the falanga torture is severe
and prolonged, both nerves and vessels in the area may be
injured and become necrotic due to the increased pressure
caused by the swelling. The fatty tissue in the foot sole plays an
important role as shock absorber and this tissue may necrotise
as well. The result is a foot sole with nerve damage and necrosis.
In severe cases the impaired circulation can lead to gangrene of
the toes and even to the entire forefoot. Pain in the foot soles
propagating to the legs is not uncommon among falanga
victims, and in severe cases the torture victims can never walk
again.
Whipping leaves striped scars. They may in some cases have
a typical hyperpigmented tramline appearance that can be seen
in fresh lesions. This appearance is due to the fact that the
whipping caused the rupture of small vessels at the edge of the
lesions and pigment remains in the skin afterwards. The distance between the parallel tramlines determines the diameter

Electrical torture
Electrical torture usually leaves no or very faint marks, and
sequelae are therefore impossible or difficult to detect. If any
scars are detected they are small and discreet, and usually found
on the genitalia or in the mouth.

Burning
Scars after burning may show keloid formation and contractions may be present. The scars may be either hyper- or hypopigmented and if on the head, alopecia is often prominent.
Pattern scars may be present if cigarettes, irons or other hot
objects with a typical appearance have been used in the torture.
Usually the scars have a non-specific appearance.

Case example
A 23-year-old Turkish Kurd was arrested for deserting from
military service. He was repeatedly tortured for about 4 weeks.
He was tied to a cross that was raised so that his feet could not
touch the ground. In this position he was repeatedly beaten with
truncheons, and electrodes were placed on his penis and his
chest, and he received several electric shocks. Every time he
fainted, cold water was poured over him. His testicles were
squeezed several times, and he was forced to eat faeces and
drink urine. Several times he suffered near-drowning: his head
was pressed down into the toilet until the point of drowning. He
(Continued)
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was also forced to stand on one leg, and at other times he was
forced to be on his knees with his hands tied on his back to his
wrists. He was forced to remain in this position for many hours.
He was also threatened several times with sexual torture, and
he witnessed family members being tortured in front of him. He
was sentenced to 17 years’ imprisonment. In the prison he was
often beaten with sticks until he fainted, and was burned with
cigarettes on his arms and body when he woke up again. After
some months he was transferred to another prison, where he
was not tortured physically but was placed in solitary confinement for 2 years. After that he was released and went underground until he was able to leave the country. At the examination
3 years later he had several non-specific scars on the body and
also circular scars with the diameter of cigarettes on both his
chest and back (Fig. 3.8). He suffered from severe PTSD.

Figure 3.8 Close up of scars after cigarette burns.

3.2.3 Psychological torture
Psychological sequelae to torture are usually not difficult to
detect by experienced psychiatrists. The symptoms may be so
prominent that they are also obvious to other doctors. The
vast majority of torture victims suffer from PTSD. Torture
victims re-experience the torture sessions through flashbacks
and nightmares. They avoid stimuli associated with torture.
They easily become angry and often suffer from sexual dysfunctions. They find it difficult to concentrate and their memory is
bad. The PTSD usually develops a long time after the torture,
and the symptoms are permanent without proper treatment.
PTSD is not torture-specific but is a psychological reaction
to severe stress. This is important to know when a doctor examines torture victims who also are refugees or asylum seekers
in other country. These people have been exposed to extreme
stress, and many of them suffer from PTSD due to their situation. However, studies have shown that refugees who have been
tortured have more severe mental symptoms than non-tortured
refugees from the same countries.

Case example
A 23-year-old Syrian Kurd was arrested by the police when he
participated in a demonstration against the authorities. He was
detained for 7 months without being brought before a judge.
During the detention he was tortured on several occasions. He
was kicked and punched all over the body, and he was hit on the
legs with truncheons. On several occasions he was undressed
and hit all over with belts. On other occasions he was forced into
a tyre that was rolled across a courtyard, while he was being
kicked and hit with truncheons. He was blindfolded during most
of the torture sessions and was kept in solitary confinement for
most of the detention period. At the examination 4 years later,
no scars were detected apart from one on his knee, which was
not related to the torture. However, he had severe symptoms
consistent with PTSD.

Psychological torture is often combined with physical torture
or may be the only torture form. A common psychological
torture form is blindfolding; other forms are threats, mock
executions, forcing the victim to watch the torture of family
members or friends, forcing torture victims to torture others,
and humiliation (e.g. forced nudity), which are common in
several parts of the world. Exposure to light (e.g. flickering
lights or intense light 24 hours a day) and sleep deprivation are
well-documented torture methods.
Solitary confinement is also considered by many as torture.
In 2008 the Special Rapporteur on Torture concluded that ‘prolonged isolation of detainees may amount to cruel, inhumane
or degrading treatment or punishment and, in certain instances,
may amount to torture’. Solitary confinement may be necessary
in short pre-trial periods to avoid influence on the police investigation. However, several countries, including some EU countries, seem to underestimate the psychological consequences of
solitary confinement.

3.2.4 Examination of torture victims
The examination should follow the guidelines of the Istanbul
Protocol. The Protocol is an official UN document and is therefore accepted by the majority of UN member states. Medical
evaluations of torture may be useful evidence in legal contexts
for various reasons: (i) it may play a role in the identification
of a perpetrator responsible for torture; (ii) it may support a
political asylum application; (iii) it may establish conditions
under which false confessions have been obtained by state officials; and (iv) it may establish regional practices of torture.
Medical evaluations may also be used to identify the therapeutic needs of the torture survivors, and serve as a testimony in
human rights investigations.
One should always be conscience that torture victims most
probably suffer from PTSD, and it may be very difficult for him
or her to talk about the torture. It is therefore very important
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for the doctor to obtain the torture victim’s confidence. Often
an interpreter is needed and here again confidence is important.
It is not enough that the torture victim and the interpreter
understand each other. Several interview situations have been
made impossible due to the fact that the interpreter and the
torture victim have represented warring fractions in internal or
regional conflicts. It is also advisable for the doctor not to wear
a white coat, as some torture victims have experienced doctors
or other health personal monitoring the torture. Invasive examination procedures should be kept to an absolute minimum, as
many torture victims are extremely sensitive to pain. The anamnesis has to be thorough as physical sequelae are often absent
or very discreet. An examination of a torture victim is a timeconsuming procedure, and is usually a very stressful situation
for the victim. It is important to have access to psychological
or psychiatric assistance as there is a considerable risk of
re-traumatisation of the torture victim.
A psychiatric evaluation of the torture victim is a necessary
part of the examination, and the forensic doctor should incorporate the results in the final report. A trained forensic doctor
following the guidelines of the Istanbul Protocol will usually
know if there is consistency between the reported torture and
the findings at the examination. It is also important for the
examining doctor to have as much knowledge as possible of the
frequently used torture methods in the region. As in many other
forensic reports, firm conclusions may not be reached, but it is
important to state the degree of consistency between the anamnesis and the objective physical and psychological findings. It
is also important to recognise that no findings are not necessarily the same as no torture.
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3.2.5 Treatment of torture victims
Treatment of illnesses is not the work of forensic doctors. It is,
however, important for forensic doctors to know that there are
treatment possibilities, and it is the obligation of a forensic
doctor – as it is for other medical personnel – to refer a patient
to other specialists when necessary. The treatment of torture
victims has been developed during the last 30 years. The first
rehabilitation centre for torture victims was founded in Copenhagen in 1992. Since then many rehabilitation centres have been
founded throughout the world and an extensive international
collaborative network enhances further evolution of the field.
Unfortunately, the need for treatment by far exceeds the capacity of the centres.

Useful websites
Council of Europe, http://www.coe.int.
International Committee of the Red Cross, http://www.icrc.org/.
International Rehabilitation Council for Toture Victims, http://www
.irct.org.
Istanbul Protocol, http://www2.ohchr.org/english/about/publications/
docs/8istprot.pdf.
Office of the High Commissioner for Human Rights, http://www
.ohchr.org.
Physicians for Human Rights, http://physiciansforhumanrights.org/.
The Advocates for Human Rights, http://www.theadvocatesforhuman
rights.org/4Jun20046.html#III.
(All last accessed 18 December 2012.)
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International Guidelines and
Accreditation in Forensic Medicine

Peter Wiegand, Burkhard Madea and Frank Musshoff

4.1 Introduction
In general, forensic science refers to the examination of scenes
of crime, recovery of evidence, laboratory examinations, interpretation of findings and presentation of the conclusions for
intelligence purposes or for use in court (ILAC 2002). Activities
range from instrumental analysis such as of blood alcohol and
drugs, DNA typing of items at scenes of crime, identification
and paternity testing to the investigation of forensically relevant
investigations of the (injured) human body (dead or alive)
based on clinical examination or different pathological methods
(autopsy, histology, etc.). Laboratory investigations in forensic
science involve the examination of a wide range of items and
substances using the highest analytical standards in compliance
with the requirements of ISO/IEC 17025, as interpreted for
forensic science laboratories (ISO/IEC 1998, 2005).

4.1.1 Autopsy standards in forensic
medicine
The creation of autopsy standards as a measure of quality
control of medicolegal autopsies dates back to the 19th century.
For example, in 1855, a decree was released in Austria on postmortem medicolegal external examinations which is still in
force today. This very detailed decree comprises 134 paragraphs
and consists of four major parts:
1. General remarks on the postmortem medicolegal examination (paragraphs 1–46).
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2. Description of the medicolegal examination (paragraphs
47–97).
3. Postmortem examination in cases of suspected intoxication (paragraphs 98–111).
4. Postmortem examination in newborns (paragraphs
112–134).
The second main part contains detailed descriptions on the
postmortem dissection of the body and all organs (paragraphs
58–97). Similar decrees were also released in other German
states, such as Prussia; the Prussian autopsy regulation is quite
famous and is edited by the pathologist Rudolph Virchow,
giving standard autopsy protocols. All these national autopsy
regulations contained detailed descriptions of how to carry out
an autopsy, which instruments should be used, what had to be
retained for further analysis and which terms should be used
in the autopsy protocol. In order to maintain quality control
and quality assurance these autopsy protocols were also
reviewed by juries.
Today we have national guidelines for autopsy standards in
many countries, and to improve international cooperation
medicolegal autopsy rules have been standardised, for example
in 1991 the General Assembly of the United Nations endorsed
the model autopsy protocol of the United Nations. In Europe,
Recommendation no. R(99)3 on the harmonisation of medicolegal autopsy rules was adopted by the Committee of Ministers
on 2 February 1999 (Council of Europe 1999, cited in Byard
and Winskog 2012). Similar to the old autopsy regulations, this
European recommendation consists of several parts:
1. Principles and rules relating to medicolegal autopsy
procedures.
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2. Scene investigation.
3. Autopsy physicians.
4. Identification.
5. General considerations.
6. Autopsy procedures.
7. Autopsy report.
8. Specific procedures.
Although the document is a ‘recommendation’ by nature, it has
legal implications because Council of Europe member countries have to implement these principles in their national legislation (Saukko and Knight 2004). However, in many countries
the legal regulations have not yet been changed in line with
these recommendations.
One of the suggested rules is that an autopsy should be
carried out in all obvious or suspected unnatural deaths, even
when there is a delay between causative events and death, in
particular:
• Homicide or suspected homicide.
• Sudden unexpected death including sudden infant death.
• Violence of human rights such as suspicion of torture or any
other form of ill treatment.
• Suicide or suspected suicide.
• Suspected medical malpractice.
• Accidents, whether transportational, occupational or
domestic.
• Occupational diseases and hazards.
• Technological or environmental disasters.
• Death in custody or death associated with police or military
activity.
• Unidentified or skeletised bodies.
Of course medicolegal experts must exercise their functions
with total independence and impartiality. They should not be
subject to any form of pressure and should be objective, in
particular in the presentation of their results and conclusions.
Whenever possible, medicolegal autopsies should be carried
out by two physicians of whom at least one should be qualified
in forensic pathology.
The different stages in the determination of cause and
manner of death can be summarised as follows:
1. External examination.
2. Autopsy.
3. Supplementary investigations like histology, immunohistochemistry, toxicology, postmortem biochemistry and
molecular pathology.
The external examination has the lowest evidential value, with
much more detail emerging from the autopsy. Histology is a
routine part of postmortem examinations not only where the
cause of death remains unclear based on macroscopic findings
but also in cases where the causes of death are known. Recommendation R(99)3 therefore includes regulations covering
which parts of organs and body fluids should be retained for
histology and subsequent investigations.
The quality of an autopsy and its protocol depend not only
on international recommendations but also on the qualifications of the doctors who perform the autopsy. The postgradu-
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ate education and qualifications in forensic medicine or forensic
pathology vary from country to country. The concept of forensic medicine is common on the European continent, where
physicians are trained not only in forensic pathology but also
in clinical examinations, toxicology, etc., while in the UK, the
United States and elsewhere the concept of forensic pathology
is predominant. For example in Germany the postgraduate specialisation in forensic medicine takes at least 5 years according
to the teaching regulations of the medical chambers. Of these
60 months, six are spent in clinical pathology, six in psychiatry
or forensic psychiatry; six further months can be spent either
in pathology or public health, pharmacology, toxicology or
psychiatry. Three and a half years have to be spent in forensic
medicine; at least 400 complete external examinations of bodies
with detailed descriptions have to be carried out; 25 crime scene
investigations have to be done; and a minimum of 300 forensic
autopsies have to be performed with special emphasis on the
relation between morphological findings and traumatic mechanisms. Furthermore, 2000 histological investigations are mandatory; 200 cases of oral or written reports for court have to be
prepared; in at least 10 cases stains have to be analysed; and
25 forensic osteological and odontological investigations are
required. Once a postgraduate trainee has completed his or her
further education an examination is carried out at the local
medical council by two experts in forensic medicine and one
physician of the medical chambers. The oral exam lasts at least
half an hour, after which the physician and the board of examiners inspect the written reports the candidate presented at the
examination.
The guidelines for anatomical pathology residency training
in forensic pathology, endorsed by the National Association of
Medical Examiners (NAME) in the USA, recommend that
during training each anatomical pathology resident should
receive training in forensic pathology. During this training, it
is recommended that each resident will:
• Assist in, or perform under direct forensic pathologist
supervision, medicolegal autopsies.
• Learn the general principles of autopsy and biosafety.
• Understand the statutory basis for the medicolegal death
investigation systems, and the requirements to serve as
medical examiner or coroner or forensic pathologist.
• Learn how the medicolegal death investigation system interacts with the criminal and civil legal systems and public
health and safety agencies.
• Learn the three core elements of a medicolegal autopsy:
scene/death investigation, autopsy and toxicology.
• Learn to recognise the common injury patterns seen in
blunt force trauma, sharp force injury, firearms injury,
motor vehicle fatalities, asphyxial injuries, temperature
and electrical injuries, and suspected child and elder
abuse.
• Learn to recognise common postmortem changes, including
decomposition patterns.
• Understand the causes and autopsy findings in cases of
drug-related and toxin-related fatalities.
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• Understand the causes and autopsy findings in cases of
sudden, unexpected and natural death.
• Understand the importance of proper documentation in
medicolegal autopsies.
• Understand the concept of evidence recognition, collec
tion, preservation, transport, storage, analysis and chain of
custody.
• Understand the basic disciplines of forensic science and their
relevance to death investigation systems.
• Understand the concept and application of clinical forensic
medicine.
• Learn the importance of professional interaction with families and the public.
• Understand the proper method of death certification.
• Understand and correctly apply the terms ‘cause’, ‘manner’
and ‘mechanism’ of death.
These recommendations of course only provide a minimum
working knowledge of forensic pathology. It is particularly
important that the training takes place in an accredited anatomical pathology residency training programme. Training
programmes, whole institutes of forensic medicine or laboratory branches within one institute may be accredited. Accreditation is based on the recommendations of the national societies
on various topics.

4.1.2 Laboratory standards in forensic
medicine: quality management in
forensic DNA analysis and forensic
toxicology
Each laboratory needs to write a handbook on forensic quality
management that describes the basic laboratory procedures
in accordance with ISO/IEC 17025 (ISO/IEC 1998, 2005).
Minimum requirements are: the aims and scope, organisation
and management, personnel qualification and training, facilities and equipment, validation and controls, analytical procedures, calibration and maintenance, proficiency testing,
corrective action, documentation and reports, internal and
external audits, and safety (Butler 2001; GTFCh 2004, 2006a,
2006b, 2009a, 2009b; ENFSI 2008). The different analytical
laboratory processes are documented in standard operation
procedures (SOPs), including all the necessary information to
achieve correct and reproducible results (e.g. DNA extraction,
polymerase chain reaction (PCR) analysis based on different
short tandem repeat (STR) kits).

Assessment at the laboratory
Before starting work on any case the expert should always carry
out an assessment of the information available, of the risk of
contamination or any other issue that could affect the integrity
of the items. This should be done before the items provided for
examination are submitted to the laboratory.

Sampling
The actual sampling plan (e.g. ENFSI 2008) should consider the
circumstances of the specific case and the amount of material
available for examination. A chain of custody record should be
maintained from the receipt of items/samples, which details
each person who was involved in the process (ILAC 2002). The
following points should be considered:
• Identification of representative samples and the selection of
minimum amounts of material required to obtain meaningful results for interpretative purposes.
• Positive and negative controls.
• Guidance on methods for sampling that aid/assure the prevention of cross-contamination.
• Preservation/storage of relevant material for subsequent
analysis.

Labelling and documentation
To fulfil the chain of custody record it is essential to know who
has handled which item and what he or she did with it. The
laboratory should describe all items and evidential material.
Labels should be attached to each item at the time of packing.
Whilst the legal status and use of labels can vary, the minimum
details should be recorded and directly and unequivocally
attributed to each package (ENFSI 2008).

Personnel
The laboratory should define the standards of competence
required for individuals to undertake particular responsibilities, the training required and the assessments that are needed.
For each area of responsibility, therefore, the laboratory should
specify requirements under the headings of qualifications and
experience, competencies, training and assessment and maintenance of competency, documented on the individual’s training records (e.g. practical tests, oral examinations, casework
supervision) (ENFSI 2008).

Validation
All technical procedures must be fully validated before they
are used on casework items. Validation is the confirmation by
examination and the provision of effective evidence that the
particular requirements for a specific intended use are fulfilled.
The laboratory should use only validated techniques and procedures for the examination and interpretation of results in
casework whenever possible (ENFSI 2008). Minimum requirements are:
• Documented, scientifically reliable procedures and quality
control concepts.
• Definition of critical aspects and limitations of the
techniques/methods.
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• Effective and high quality methods, materials and equipment to enable reliable and robust results.
• Appropriately trained and competent laboratory staff.

Equipment and measurement traceability
The laboratory needs a procedure for the maintenance and
calibration of the equipment used in the examination of evidential material. Calibrations and performance checks are necessary where equipment settings can significantly affect the test
or analytical result (e.g. temperature, volumetric equipment,
microscopes). Calibration is carried out for many types of
analysis using synthetic standards containing the analytes being
tested, prepared from chemicals of known composition (ILAC
2002). Reference collections of data/items/materials representative for casework (e.g. drug samples, frequency databases)
should be implemented, documented and controlled. Analytical performance should be monitored by operating quality
control schemes including, for example, reference collections,
positive and negative controls and repeated testing (for further
details see ILAC 2002, chapter 5.9).
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Reporting the results: Evaluation and
interpretation
The laboratory design should be based on written procedures
for taking and maintaining case notes to support the conclusions drawn in reports (Butler 2001). All records must be produced in accordance with the requirements of the particular
legal system in force in the member country and sufficiently
detailed to allow another forensic expert to evaluate the quality
and reliability of the work. Where evaluation and interpretation
are required, the following information should be provided in
the expert report (ENSFI 2008):
• Background case information available.
• Description of evidence and methodology.
• Discriminating power of the analytical methods used.
• Degree of certainty that can be assigned to a result or
identity.
• Information available in relevant databases.
The laboratory should list published validated data that are
available and recommend approaches for the evaluation and
interpretation of examination results.

Proficiency testing
Proficiency testing assesses the laboratory systems and the competence of individuals participating in the tests. The laboratory
should specify the number of proficiency tests taken each
year. Participants in the tests should follow the standard laboratory procedures for casework. Tests have to be completed and
returned to the proficiency test organisation for evaluation.
The design and implementation of proficiency tests should be
carried out in accordance with the recommendations of the
international forensic guidelines on the conduct of proficiency
tests and collaborative exercises (ENFSI 2008).

Laboratory examinations and anticontamination
precautions
To avoid contamination, written guidelines and training need
to be available to assist individuals in managing the specific
risks associated with individual analyses (ILAC 2002; ENFSI
2008). Anticontamination precautions should be implemented
for all examinations; if these include materials that may be
required for subsequent analysis, extreme caution should be
taken because of the sensitivity of current techniques, including
the wearing of appropriate barrier clothing (e.g. gloves, facemasks). The minimum anticontamination precautions are:
• Condition of packaging on arrival at the laboratory (e.g. any
damage, leaks).
• Storage of materials (e.g. separation of controls from material originating from suspects).
• Use of separate work areas if there are cross-contamination
risks (e.g. suspect to victim, suspect to other suspect).
• Cleanliness of work areas and equipment.
• Use of protective and barrier clothing.

4.2 Recommendations for forensic
DNA laboratories based on
ISO/IEC 17025
Basic laboratory procedures are provided in ISO/IEC 17025
(2005). In addition, recommendations for forensic DNA analyses are available which have been specified and adopted during
method development. There is an increasing importance of
international DNA databases (see the recommendations on
DNA typing (Editorial 1991, 1992) and ENFSI recommendations (ENFSI 2008, 2011)).

Personnel qualifications
All staff working in the laboratory need to be specifically qualified for the work required. The technical manager (head of the
laboratory) must have an academic degree (minimum bachelor,
usually masters and PhD) that involved basic knowledge in
the field of genetics/molecular genetics. Furthermore, he or she
must have detailed knowledge and experience in molecular
biology and forensic genetics (including good working practice,
casework examination and supervision of experts). Continuous
training is necessary to improve knowledge in new DNA typing
methods, biostatistic approaches and laboratory strategies.
Technical staff should be qualified for laboratory work in
molecular biology/genetics. The technical manager is responsible for permanent training and optimising the qualifications of
the technical staff based on written standards of competence.
Scientific and technical training/education has to be documented for each person (maintenance of competence, e.g.
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workshops, scientific meetings, training courses) and competence and qualifications for different analytical techniques for
evidence samples and DNA methods should be personnally
defined (authorised). The preparation of a final report lies
within the responsibility of the scientifically qualified staff
(technical manager and/or deputies).

Accommodation and environmental conditions
The forensic laboratory area needs defined areas of security to
minimise the risk of contamination. Access must be controlled
and limited, especially to evidence storage areas and the operational area of the laboratory. Working areas must be separated
in pre- and post-PCR rooms to avoid cross-contamination;
standard separation is into: (i) examination and preparation of
samples and crime scene items; (ii) DNA extraction and PCR
set-up; and (iii) PCR amplification and electrophoretical separation of amplified DNA. Written procedures have to be available for environmental monitoring, cleaning procedures and
decontamination.

Analytical testing, calibration and
method validation
The technical procedures used must be forensically validated.
Usually, new commercial kits/products are validated by the
companies based on defined standard protocols. If no variation
of the validated standard protocol was carried out such products need only documented confirmation to demonstrate the
reliability of the procedure and the results obtained. The development of new (in-house) methods requires complete validation, usually based on comparison with established methods.
Furthermore, variations on established standard protocols
must be validated to confirm the results including experiments
to investigate limits and specifity of the system (e.g. control
samples and dilutions, mixture experiments, real casework
samples).
Only high quality standard materials and reagents should be
used and pre-tested for their reliability. Lot/batch numbers
must be recorded. Instruments and equipment should be maintained properly and calibrated with documented logs for calibration records. If available, national or international standards
should always be used for calibration.

Measurement traceability
Depending on the equipment used by the forensic DNA laboratory, the relevance of measurement-specific requirements
for testing and calibration should be defined. The volumetric
equipment needs a minimum of one calibration check per year
but should be continually visually examined. Temperature profiles of PCR cyclers should be calibrated once a year and can be
additionally monitored by control samples on documented
block positions, which should be systematically varied.

Sampling
Investigation on test items and those from a scene of crime
should be followed by defined criteria on the efficiency background. Prioritisation depending on the relevance of a selected
item is usually necessary for complex casework analysis, including multiple items. If possible, only a minimum amount of
material should be selected for further sampling and DNA
typing. Photographic documentation of all items and selected
traces represents a basic step of the sampling procedure. Positive and negative controls are relevant to check equipment,
reagents and materials.

Handling of items/samples
The laboratory must be able to demonstrate that the items/
samples examined are those submitted to the laboratory. Appropriate packaging and labelling should be checked. For all
samples, the chain of custody must be fulfilled (sample documentation, labelling of selected traces, persons involved in the
procedure, dates and locations of the sample and traces). Furthermore, the quality or condition (e.g. degradation) of the
item/biological material submitted should be documented.
Extracted DNA not used from traces should be stored under
adequate conditions (refrigerator) to enable later investigations.

Assuring the quality of test results
The laboratory has to monitor the analytical performance and
quality of the procedures in place. Internal quality controls are
necessary to demonstrate reliability and correctness of the
results including reference samples, positive and negative controls, replicate testing, internal standards, defined allelic ladders
and alternative methods, if necessary. If possible, the extracted
DNA should be typed in two or more independent analyses.
For the interpretation of results, written criteria must be available (profile acceptance criteria: percentage of stutter, artefact
peaks, minimal and maximal peak highs, allelic imbalance (heterozygotes)). Analyses of mixed stain patterns and/or low template DNA in particular need cautious interpretation of DNA
profiles based on the context of published guidelines (ENFSI
2011).
Proficiency testing: for external controls two tests per year
are necessary including analysis conditions, which have to be
comparable to routine casework.

Reporting the results
The test report has to include all the information required by
ISO/IEC 17025. All received items and selected traces must be
listed and – depending on the individual case –described
further. The basic investigation methods must be documented
in writing. Criteria for interpretation of the results have also to
be documented by the laboratory and need to be explained in
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the report if necessary (e.g. guidelines for mixed stain analysis,
biostatistical calculations, population data).

4.3 Recommendations for forensic
toxicological laboratories based
on ISO/IEC 17025
Interpreting results in the field of forensic toxicology requires
knowledge of multiple areas, especially the natural sciences,
medicine and jurisprudence. Forensic toxicologists have to bear
in mind, once they commence an analysis, that their report
might be introduced as evidence in a criminal or civil court.
Fundamental knowledge based on education and training in
relevant disciplines is therefore the basis for analysing samples,
interpreting results and providing reports. The provision of
reports in particular always has to be checked against the background of forensic aspects and possible consequences for a
suspect or victim (AAFS 2009).
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Personnel qualifications
The supervisor of the laboratory where the designated tests are
carried out should have a university degree in life sciences or
medicine (preferably a PhD), relevant further education and
forensic toxicological experience. For example, the German
Society of Toxicological and Forensic Chemistry (Gesellschaft
für Toxikologische und Forensische Chemie, GTFCh) award
titles in the designated field of work (‘Forensic toxicologist
GTFCh’ or ‘Forensic chemist GTFCh’). The postgraduate
modules taken as part of the forensic toxicologist GTFCh
course are summarised in Table 4.1 (GTFCh 2006a). Furthermore, continuous professional training is necessary to improve
knowledge of analytical techniques, new drugs on the market,
regulations, biostatistic approaches and laboratory strategies
(GTFCh 2006b). Other societies have similar education
requirements.
A knowledge of pharmacology and toxicology is important
for the interpretation of obtained data. This includes structures
of molecules and structure–response relationships, physical

Table 4.1 Postgraduate professional education modules for the German ‘Forensic toxicologist GTFCh’ qualification.
Subject

Domain

Basics of human
biology

Details
Basic knowledge of the function of the human body (anatomy,
physiology, biochemistry)

Toxicology/
pharmacology

Toxicodynamics and toxicokinetics/
pharmacodynamics and
pharmacokinetics

Structure, physical mechanism, spectrum of efficacy, adverse
reaction, interaction, mode of application, toxicogenetics/
pharmacogenetics
Xenobiotic metabolism, organ toxicology, toxicity tests,
structure–response relationship

Forensic toxicology

Postmortem toxicology

Definition of terms, conditions of effect of toxins, influence of
endogenic and exogenic factors, postmortem diagnostic
findings in poisoning, principles of inquest, sampling in
suspicion of poisoning, exhumation, thanatochemistry, metals,
non-metal inorganic poisons, organic poisons, legal aspects
Retrograde calculation, law, alcohol consumption after the
critical incident and prior to blood sampling
Pharmacokinetics of the most important intoxicating substances,
intoxicating substances in road traffic incidents, aspects of
medicine in road traffic incidents, sampling, determination of
chronic abuse, retrograde calculations, legal matters,
pathology, intoxication versus forensic psychopathology
Analyses and appraisal of samples taken from living humans

Alcohol
Other substances affecting the central
nervous system

Substances not affecting the central
nervous system
Basics of forensic
genetics
Basics of forensic
chemistry

Analysis of illicit drugs
Analysis of other non-biological seizures

Quality
management

Accreditation
Certification
(Continued)

40

PART I   DUTIES OF FORENSIC MEDICINE IN MODERN SOCIETIES

Table 4.1 (Continued)
Subject

Domain

Clinical toxicology

Epidemiology of acute poisoning
Legal aspects in diagnostics and
treatment of poisoning
Measures taken in acute poisoning
Differential diagnosis and cardinal
symptoms in poisoning
Therapy of acute poisoning
Symptoms of the most frequent types
of poisoning, therapeutic methods,
antidotes

Clinical chemistry

Toxicologically relevant parameters

Details

Basics of
pharmacy
Legislation

Relevant laws and regulations

Narcotics law, road traffic law and criminal law (e.g. intoxication
effects and criminal responsibility)

Rights and duties of experts
Current court judgements passed
Analytical
toxicology

Material of investigation

Pre-analytical aspects
Analytics

Method development
Post-analytical aspects
Biostatistics
Forensic expertise

Plausibility of forensic toxicological
results
Interpretation of forensic toxicological
results

Forensic expertise

mechanisms, spectrums of efficacy, adverse reactions, interactions, modes of application, xenobiotic metabolisms and organ
toxicology of drugs. Toxicity tests and other aspects of pharmacodynamics and pharmacokinetics and toxicodynamics and
toxicokinetics, respectively, also represent important knowledge for the interpretation of toxicological and clinical cases.
Furthermore, basics of human biology, including knowledge of
the functions of the human body, especially in anatomy, physiology, pathology and biochemistry, are essential. The differentiation between intoxication and forensic psychopathology is of
importance as well as back-calculations (especially regarding
blood alcohol concentrations), legal matters and general pathology. One important and challenging aspect of interpretation
in forensic toxicology is postmortem toxicology. Postmortem
diagnostic findings in poisoning, thanatochemistry (especially
changes in drug distributions) and aspects of exhumation also
have to be considered.

Standard matrices
Alternative matrices (e.g. hair, saliva, tissue samples)
Sampling and storage
Sample preparation
Qualitative and quantitative analysis procedures including
validation
Quality assurance
Sample storage

For example, consideration of problem, limit values
Expert opinion on records

Technical staff should be qualified for all the laboratory
work required in forensic toxicology. The technical manager is
responsible for permanent training and optimising the qualifications of the technical staff. Scientific and technical training/
education must be personally documented (maintainance
of competence, e.g. workshops, scientific meetings, training
courses). The preparation of final reports is within the responsibility of the scientifically qualified personnel and staff (technical manager and/or deputies).

Accommodation and environmental conditions
It must be guaranteed that unauthorised persons do not have
access to any of the laboratory rooms. Unauthorised persons
may only visit the laboratory if accompanied by authorised
personnel. The laboratory space must be large enough to
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accommodate adequate laboratory equipment for a clear identification and quantitative determination of individual substances. Substance samples and biological material must be
processed in separate laboratory rooms; contamination has to
be excluded. Sufficient cooling and deep freeze units should be
available for the proper storage of analytical standards and
samples and their protection from unauthorised access.
Apart from the basic equipment, the appliances currently
needed in an analytical laboratory generally consist of:
• Gas chromatography with special detectors such as a
nitrogen-specific detector, electron capture and flame ionisation detectors or a mass spectrometer.
• High performance liquid chromatography with special
detectors such as a diode array detector, UV and fluorescence detectors or a mass spectrometer.
• Immunochemical and photometric analyses.
Other procedures or equipment that deliver equivalent results
may also be used.

Analytical testing, calibration and
method validation
New analytical methods to be used in forensic toxicology
require careful method development and thorough validation
of the final procedures. Analytical methods in forensic toxicology may either be used for screening and identification of
drugs, poisons and/or their metabolites in biological fluids or
tissues, for their quantification in these matrices, or for both.
For quantitative bioanalytical procedures, there is a general
agreement that, at the least, the following validation parameters
should be evaluated: selectivity, calibration model (linearity),
stability, accuracy (bias), precision (repeatability, intermediate
precision) and the lower limit of quantification (LLOQ). Additional parameters that may be relevant include the limit of
detection (LOD), recovery, reproducibility and ruggedness
(robustness). For qualitative procedures, a general validation
guideline is currently not available, but there seems to be agreement that at least selectivity and the LOD should be evaluated
and that additional parameters like precision, recovery and ruggedness (robustness) might also be important. For methods
using liquid chromatography/mass spectrometry (LC-MS),
experiments for the assessment of possible matrix effects (i.e.
ion suppression or ion enhancement) should always be part of
the validation process, particularly if they utilise electrospray
ionisation (ESI).
The guidance documents issued by the GTFCh for quality
control in forensic toxicological analyses comprise numerous
details concerning sample preparation, requirements for immunoassays, performance control of chromatographic procedures
or identification criteria in mass spectrometric detection.
Special recommendations are given for the validation of new
methods in forensic toxicology and for forensic hair analysis as
well as for postmortem toxicology. A well-known guideline for
the validation of new methods has been published by Peters
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et al. (2007). The measurement of uncertainty is an important
parameter for each analytical method and the general basic
principles make up the Guide to the Expression of Uncertainty
in Measurement (JCGM 2008), on which the EURACHEM/
CITAC (2000) guide for chemical analytical methods and the
Nordtest Technical Report (2003) for environmental analytical
methods are based. The GTFCh (2009b) prefers an estimation
of measurement uncertainty via collaborative testing and intermediate precision determined by control samples.
Only high quality standard materials and reagents should be
used and pre-tested for reliability. Lot/batch numbers must
be recorded. Instruments and equipment should be properly
maintained and also calibrated with documented logs for calibration records.

Sampling
If not regulated by adequate guidelines or recommended otherwise, the testing laboratory should inform the applicant
about the type, quantity, storage conditions and transport conditions of the required sample materials, in order to guarantee
an adequate investigation. Within Germany, forensic toxicological testing is not being performed on whole blood, but on
serum or plasma (if these can be obtained from the samples).
For toxicological testing with or without determination of
blood alcohol concentrations, a blood sample preserved without
additives as well as a blood sample with fluoride (especially
for the determination of cocaine) should be used to obtain
serum or plasma. It should be stated in the expert report
whether whole blood or serum/plasma was used. Regarding
the collection of urine samples, special measures must be
observed depending on the individual request, such as collection under visual control in drug abstinence checks (compare
also evaluation criteria on fitness to drive diagnostics). For
transportation the sample material should be packed in shockproof and tightly sealed containers with no exposure to heat or
light. The analytical questions and possible corresponding analyses determine how quickly a sample should be transported and
whether special transport conditions (e.g. deep freezing) apply.
In special cases, regulations on the transport of hazardous
goods on the roads must be observed by the sender. Special
recommendations exist for the sampling of materials for toxicology investigations during autopsy, depending on the individual case (Table 4.2). Sometimes photographic documentation
of the samples is necessary. Positive and negative controls are
relevant to check equipment, reagents and materials.

Handling of items/samples
The laboratory must be able to demonstrate that the items/
samples examined were those submitted to the laboratory.
Appropriate packaging and labelling should be checked. For all
samples the chain of custody must be fulfilled (sample documentation, labelling of the selected trace, persons involved
in the procedure, dates and locations of samples and traces).
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Table 4.2 Recommendations for sampling prior to, or during, all autopsies or autopsies where the cause of death remains uncertain or
special problems have to be addressed (GTFCh 2004).
All autopsies

Additional specimens in cases in which
the cause of death remains uncertain

Special problems

Specimens that can be collected prior to autopsy
Blood from the vena femoralis; alternatively
a sample from the vena subclavia

Scalp hair; alternatively body hair

Vitreous humour

Vomitus from the scene

Liquor cerebrospinals

Urine

Finger and toe nails
Skin and subcutaneous tissue
Smear tests from the skin and mucosa

Specimens that should be collected immediately after opening the thoracic and abdominal cavities or after organ removal
Heart blood

Bile

Muscle tissue

Gastric contents

Liver
Lungs
Brain
Kidneys

Fatty tissue
Contents of the small and large intestines
Pericardial fluid
Fluid from the thoracic cavity
Bones, bone marrow
Entomological species

Furthermore, the quality or condition (e.g. degradation) of the
item/biological material submitted should be documented. The
laboratory has to immediately inform the applicant in cases
where the sample is damaged, the sample is unsuitable for
testing, the sample amount is too small for the research task, or
where the required analysis cannot be carried out by the laboratory. After receipt, samples should be stored appropriately
so that analytes do not decompose and samples are not
contaminated.
After completion of the analysis and the final report, remnants of sample material and original containers (blood withdrawal systems, tubes, containers, etc.) should be stored
according to the applicable administrative regulations –at least
6 months, and blood samples for a minimum of 2 years. In
general, a storage period of 2 years is advised. If other laws or
regulations apply, these should be followed. The applicant
should be informed of the storage period. Original containers
including all sample remains must be presented on demand.

Assuring the quality of test results
The laboratory has to monitor analytical performance and
quality of the procedures. Internal quality controls are necessary to demonstrate reliability and correctness of the results,
including reference samples, positive and negative controls,
replicate testing, internal standards and alternative methods if
necessary. For the interpretation of results, written criteria must
be available (acceptance criteria). Aspects of quality assurance
and quality control in forensic-toxicological analyses are
described in detail in the GTFCh (2009b) guidelines including
recommendations for acceptance criteria.

External quality control is done by proficiency testing that
includes analysis conditions and is comparable to that of
routine casework. Collaborative testing complements the internal accuracy monitoring of laboratories and simultaneously
guarantees an objective supervision of accuracy or bias of the
results of qualitative and quantitative forensic toxicological
analyses.

Reporting the results
The test report has to include all the information required by
ISO/IEC 17025. At the least, dates and times of sample collections and sample receipt as well as the period of analysis (beginning and end of analysis) must be given as header data in the
report. If known, the time of the incident must be included.
The name of the person responsible for the analysis and external representation must be indicated. If statements are made,
all relevant connecting facts should be included in the expert
report if no other arrangement was made with the client. When
analysing biological material, the results must be explicitly
assignable to the person from whom the sample was taken, as
well as to the blood withdrawal system. The methods used and
the nature of the test material analysed (e.g. whole blood,
serum, plasma, remaining blood) should be stated. The use of
unsuitable withdrawal or sampling systems should be indicated. The possible loss of analyte due to delayed or inadequate
storage of, for example, serum or plasma samples (freezing
conditions of a mininum of –15°C are required) or to unsuitable analysis should be mentioned in the report, as well as the
basic investigation methods. Criteria for the interpretation of
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the results have to be documented by the laboratory and need
to be explained in the report if necessary.

Documentation
The head of the laboratory is responsible for the written documentation of all methodological instructions used by the laboratory – such as the SOPs and procedures for all important
operations in the laboratory, included as part of the quality
management handbook. The instructions should comply with
approved quality criteria and must be audited (e.g. within the
framework of an accreditation). Application forms, status
protocols and all documents, such as evaluations of measurement results and analyses, measurement protocols, calibrations,
chromatograms, spectra, analysis reports or expert reports as
well as the assay procedure, must be filed and stored in a way
that they may be presented to an expert authorised by court at
any time. On the basis of the documents, the correct analytical
procedure and the expert opinion about the results must be
deducible. It should be clear which person(s) performed the
analysis and which expert is responsible for the final result.
The person responsible for the analysis has to ensure that the
research was performed according to the documents in force.
Documentation may also be electronic if accessibility is guaranteed over the relevant period of storage. Documents must be
retained for at least 6 years unless the relevant administrative
regulations stipulate longer retention periods.

4.4 Recommendations for forensic
pathology based on
ISO/IEC 17025
Even low technology autopsies have to provide the following
information:
• Establish the cause of death.
• Assist in determining the manner of death (i.e. homicide,
suicide, etc.).
• Compare the premortem and postmortem findings.
• Produce accurate vital statistics.
• Monitor public health.
• Assess the quality of medical practice.
• Instruct and educate medical students and physicians.
• Identify new and changing diseases.
• Evaluate the effectiveness of therapies such as drug administration, surgical techniques and prostheses.
• Reassure family members.
• Protect against false liability claims and settle valid claims
quickly and fairly (Lundberg 1998).
The main tasks of the forensic autopsy are, of course, establishing the cause and manner of death. Another important task
is the reconstruction of the course of events or clarification of
a causal connection with preceding bodily harm. A further
important task may be identification.
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The autopsy itself, especially the clinical autopsy, represents
a measure of quality control on clinical diagnostics and therapy.
However, the autopsy has to follow quality criteria as well.
Quality criteria and quality control for the forensic autopsy
were already established in the 19th century. Of special importance today is recommendation R(99)3 of the Committee of
Ministers to EU member states on the harmonisation of medicolegal autopsy rules in Europe (Council of Europe 1999, cited
in Byard and Winskog 2012).
Medicolegal autopsies should be performed whenever possible by two physicians, of whom at least one should be qualified in forensic pathology or forensic medicine. Qualification
in forensic pathology or forensic medicine takes about 5 years
and follows individual national regulations.
The autopsy has to be carried out step by step beginning
with identification of the body, an external and internal examination and then completing the autopsy report in compliance
with manuals of autopsy practice. For measuring and weigh
ing (e.g. body weight, body height, organ weights) calibrated
instruments have to be used. Minimal rules have to be applied
in the sampling of tissues and body fluids: in all autopsies
the basic sampling scheme includes specimens from the
main organs for histology and femoral blood (for alcohol and
toxicology), urine and gastric contents. If death is related to
physical violence, sampling also includes the injuries (e.g. to
determine wound age) and any foreign materials seen in
wounds.
As for the laboratory sectors of forensic science, contamination has to be avoided and proper identification of samples has
to be ensured. SOPs must be available for every step of the
autopsy and the chain of custody of autopsy samples from the
autopsy room to the laboratory must be guaranteed. Autopsy
technicians must have a special qualification. As in clinical
pathology, histology is an integral part of the autopsy. For postmortem biochemical analyses the vitreous humour should be
sampled.
After autopsy the body has to be returned in a dignified
condition and it is the task of the forensic pathologist and the
autopsy technician to ensure this.
In the United States the standard for quality in death investigation for medical examiner offices is accreditation by NAME.
Accreditation attests that an office has a functional governing
code, adequate staff, equipment, training and a suitable physical
facility, and can produce a forensically documented, accurate,
credible death investigation product. According to the US
National Research Council (2009) most coroner systems cannot
qualify for accreditation because of problems related to size,
insufficient staff and equipment and insufficiently trained personnel, which inhibits their ability to perform a competent
physical examination, make and/or exclude medical diagnoses
on dead bodies, and make determinations of the cause and
manner of death. Also, many medical examiner systems are
constrained by budget, lack of staff, lack of equipment and
insufficient facilities and cannot meet NAME standards. In
other countries, for example in Germany, most institutes of
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forensic medicine were accredited during the last 10 years
according to ISO 17025 for forensic purposes.

4.5 Recommendations for clinical
forensic medicine based on
ISO/IEC 17020
ILAC has extended their guide to encompass ISO/IEC 17020 as
it applies to crime scene investigations (ISO/IEC 2004). In additional to crime scene investigations (e.g. photographs of the
body as it is found, notification of all relevant artefacts, protection of the deceased’s hands and head with paper bags, investigations for determination of time since death), second
postmortem examinations before cremation and physical
investigations of living individuals after bodily harm should
follow this recommendation. Crime scene investigations, external examinations before cremation and bodily investigations
should be carried out whenever possible by board-certified
experts in forensic medicine or forensic pathology, at the least
under the supervision of a qualified expert.

Useful websites
American Board of Forensic Toxicology, http://www.abft.org.
National Association of Medical Examiners, Autopsy Standards and
Inspections Checklist, www.thename.org.
(Both last accessed 19 February 2013.)
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5

Nature and Definition
of Death

Burkhard Madea

5.1 Death and dying
Death and dying are processes characterised by loss of function
of the great organ systems (cardiovascular system, respiratory
system, nervous system) and their coordination. Loss of coordination of the great organ systems reveals a dissociation of the
function of the different organs. The agonal period may be
initiated either by disease or trauma. The final crisis leads to a
state of vita minima in which no vital signs may be apparent
and to a state of death characterised by irreversible cessation of
circulation or respiratory arrest (Fig. 5.1). Under special clinical
conditions brain death may replace the classical signs of death
(i.e. irreversible circulatory or respiratory arrest and their consequences of postmortem lividity and rigor mortis).

5.1.1 Agonal period
The period of dying is called ‘agony’ and its duration can vary
depending on the damaging agent and the remaining reaction
facilities of the patient.

Ultrashort or ‘non-existing’ agony (fractions
of a second)
This occurs if the body is completely damaged (e.g. by
explosion).
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Short agony (within minutes)
This occurs in many forensically relevant cases (e.g. strangulation, drowning, bleeding to death by stab wounds with involvement of large vessels) but also in cases of death from natural
causes (e.g. acute myocardial infarction, fulminant pulmonary
embolism). Short forms of agony in violent death cases are
often characterised by strong reactions in respiration (e.g.
asphyxial suffocation with dyspnoea in contrast to hypoxic suffocation), in circulation (e.g. tachycardia, rise in blood pressure) and in the central nervous system (e.g. hanging with
convulsions due to hypoxia).

Long agony (within hours)
This occurs as the final phase of chronic illness (e.g. tumours);
in this case, death is obvious to outsiders. Manner and duration
of agony are relevant for the progress of postmortem changes.
The term ‘agony’ (death struggle) characterises many violent
deaths because sensitively experienced attacks upon a person’s
life (during fear, defence or resistance) can lead to intense
agonal reactions, partly due to the special pathophysiology of
the death process (e.g. asphyxial suffocation).
In contrast, many death processes due to pathological internal causes are accompanied by hypoxia of the brain with subconsciousness and unconsciousness occurring so that death is
not experienced by the individual.
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Acute crisis
Incomplete dysregulation
of vital functions
Vita reducta
Disease
Trauma

Agonal
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Final crisis
Complete dysregulation
of vital functions
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Individual death

Supravital
reactions

Irreversible cessation of
circulation, respiratory
arrest and brain death with Autolysis
cessation of life support

Postmortal
phase

Putrefaction
Biological death
Decomposition

Figure 5.1 Schema and terms of the agonal period. The agonal period is initiated either by disease or trauma.

Dying
Cardiac and
respiratory
arrest

Intermediate
life

Biological
death

Agonal reactions
Supravital reactions

Vital
reactions
Systemic
reactions
Figure 5.2 Older female lying dressed at the bank of a river.
Vital signs were missing. Although postmortem changes (lividity,
rigor mortis) were missing she was pronounced dead by an
emergency physician. The symptom of cold stiffening was
probably mixed up with rigor mortis. Cause of death was
intoxication with central nervous system depressants.

Depending on the functional system that is significantly
damaged and on the intensity of the damage, three types of
death process can be distinguished:
1. So-called ‘central death’.
2. Protracted heart and circulatory failure.
3. Acute cardiac arrest.
During the final crisis of an agonal period, vital signs may
not be apparent and people who are still alive may falsely be
pronounced dead (Fig. 5.2). In most cases in which death was

Local vital
reactions

Figure 5.3 Diagram of agonal period, individual death, supravital
period and biological death. The moment of individual death is of
medical and legal importance.

certified for people still alive, intoxication with central nervous
system depressants in combination with hypothermia are the
reasons for the lifeless condition. Therefore, especially in cases
of hypothermia, the old proverb of emergency physicians that
‘No one is dead until he is warm and dead’ should be kept in
mind.
The death of an individual is determined either by irreversible loss of circulatory and respiratory function or brain death.
In the agonal period, due to loss of coordination of the great
organ systems, vital reactions may steadily decrease (Fig. 5.3).

CHAPTER 5   NATURE AND DEFINITION OF DEATH

Brain death or irreversible circulatory or respiratory arrest
represents the death of an individual. However, different tissues
survive the death of the individual for a considerable period of
time dependent on their metabolic activities. The death of the
last cell of the body is called ‘biological’ or ‘cellular’ death, a
moment which is of no practical or legal relevance. Of medical
and legal importance is only the time of individual death,
namely brain death.

5.2 Determination of death
Establishing definitively that death has occurred is quite
straightforward. Cessation of vital functions can be diagnosed
with certainty with the following criteria:
1. Presence of definite signs of death (rigor livor, rigor mortis,
advanced postmortem changes).
2. Failure of attempted resuscitation for around 30 minutes,
confirmed by about 30 minutes of a flatline electrocardiogram (ECG) despite carrying out appropriate measures
and after ruling out general hypothermia or intoxication
by central nervous system depressant drugs.
3. Brain death (can be determined under clinical conditions
only during assisted ventilation).
4. Physical trauma that is incompatible with life.
As the physician has to make the differential diagnosis of
whether or not a patient has died, or if there is a case requiring
reanimation, only those regulations make sense that oblige the
physician to carry out external postmortem examination immediately upon receiving the report about the case of death.
Determination of death is uncomplicated if there are obvious
postmortem changes (rigor mortis, livor mortis, putrefaction,
injuries that are incompatible with life). Again, we can observe
that even if obvious postmortem changes are present (livor
mortis, rigor mortis), resuscitation is only being carried out
because of a lack of knowledge about these signs.
When it comes to determination of death, uncertainty is
seen especially within the time interval between collapsing
apparently lifelessness and the appearance of early postmortem
changes (livor mortis about 20–30 minutes postmortem as the
first sign), or in the phase of vita minima and vita reducta when
signs of life that are not necessarily ‘catching one’s eye’ if examination is not done thoroughly.
Dying and death are processes characterised by a loss of
function of the bodily systems (circulation, respiratory and
central nervous system) and loss of their coordination. The loss
of coordination leads to an increasing dissociation of organ
function with the final point of ‘individual death’.

5.2.1 ‘Apparent death’
Determination of death might be difficult within the period of
vita minima and vita reducta with increasing devitalisation
before early postmortem changes appear due to heart and cir-
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Box 5.1 Complex of causes for determining vita minima/vita
reducta. From Prokop and Göhler (1976).
A
E
I
O
U

Alcohol, anaemia, anoxaemia
Electricity, lightning strike
Injury (head injury)
Opium, anaesthetics, neuropharmacological drugs
Uraemia (and other metabolic coma), hypothermia

culatory arrest. Within the states of vita minima and vita
reducta with dysregulation of functional system – their reducing coordination and increasing devitalisation – looking for
signs of life (respiration, circulation) may be abandoned by the
attendee and therefore signs might not be seen if the body is
only examined superficially. Complex causes and conditions
leading to vita minima and vita reducta are summarised by
Prokop and Göhler (1976), forensic medical examiner based in
Berlin, and called the ‘AEIOU rule’ (Box 5.1).
If the conditions of the AEIOU rule are suspected – intoxication with hypnotics, carbon monoxide and alcohol; hypothermia; electrical accidents; apoplexy; brain pressure; metabolic
coma; epileptic seizures; hypoxic brain damage; missing signs
of life; and missing certain signs of death occurring at the same
time – great care is required. In these cases the following rule
is essential:
Do not fill out any death certificate if there are no certain
signs of death.
If there is doubt, the physician has to wait for help (the emergency doctor) or admission to hospital has to be arranged. The
behaviour of the physician depends substantially on information about anamnesis and the patient’s prognosis.
The so-called ‘uncertain signs of death’, such as fixed pupils,
wide pupils, areflexia, loss of cardiac activity, loss of respiration
and dropping core temperature, are meaningless if examination
is improperly done, especially if reversibility/irreversibility of
the condition is not questioned (Box 5.2).
For example, absence of peripheral pulse within centralisation of circulation as occurs in hypothermia does not disclose
anything about lack of cardiac activity. Minimum breathing
excursions from abdominal respiration will not be seen in fully
clothed people. A body surface that feels cold when the ambient
temperature is low and wet clothing is worn does not give any
information about the core temperature. When pupil width is
estimated a possible intoxication always has to be kept in mind
(the so-called ABC toxins: alcohol, amphetamime, belladonna,
cannabis).
From a medical and legal point of view, failure of heart
resuscitation is a reliable criterion to stop proper but unsuccessful reanimation. Normally, cardiopulmonary resuscitation
will be stopped if there is no success after 30–40 minutes or if
heart reactivation seems unlikely. This includes the following
criteria:
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Box 5.2 So-called uncertain signs of death.
Apparent death, vita minima, vita reducta:
• Fixed pupils, dilated pupils
• Areflexia
• Missing cardiac activity
• Dropping core temperature
These are not ‘certain signs of death’ because of the following:
• Absence of peripheral pulse is not the same as absence of
heart activity
• Minimum breathing excursions within abdominal respiration
are not ‘catching one’s eye’ fully
• Clothed person
• Body surface may feel cold when the ambient temperature is
low and wet clothing is worn
• Was temperature tested, perhaps only with the hands? This
is not the same as testing core temperature (warmth regulation in coldness – minimum peripheral blood)
• Bloodflow
• Pupil width? Reaction to light stimulus? ABC toxins (see
text)?
• Proprioceptive and polysynaptic reflexes, other reflexes than
corneal reflex?

1. Absence of spontaneous electrical activity (zero voltage line
in the ECG).
2. Signs of electromechanical decoupling (deformed QRS
complexes in the ECG but absence of a palpable pulse from
the large vessels).
3. Continuous ventricular fibrillation with frequency deceleration and progressive decrease in amplitudes.
These signs show definite and irreversible cardiac death if the
patient is normothermic and there are no other specific conditions. If the patient is hypothermic, there is suspected ‘neardrowning’ or intoxication, resuscitation has to be performed
longer than 30–40 minutes until detoxification occurs or the
body warms up. It is only then that it makes sense to stop
reanimation.
Centrally acting medication and general hypothermia have
to be excluded from the diagnosis. Emergency doctors have
formulated the principle: ‘No one is dead until he is warm and
dead’. Determination of death may follow if resuscitation
is unsuccessful and the core temperature is at least 32°C or
below. Irreversible loss of function in clinical death can be
assured even before postmortem changes occur if the abovementioned regulations are respected and necessary additional
instrumental examinations (e.g. ECG) are carried out. This is
in accordance with the regulations issued by the German
Medical Association concerning reanimation and emergency
care. Livor mortis should appear soon after unsuccessful resuscitation lasting 30–40 minutes. In these cases, the presence of
postmortem changes may also be proven without delay. If there
is no possibility of making additional instrumental examinations (e.g. ECG), the physician has to wait for postmortem
changes (rigor mortis, livor mortis) to appear.

5.2.2 Brain death
Unlike the beginning of life, for a long period lawyers did not
define the end of life. According to a famous lawyer of the
beginning of the 19th century, Friedrich Karl von Savigny
(1779–1861) death is such a simple natural event that, unlike
birth, it does not need exact definition of its elements. With
advancement of reanimation and intensive care, especially the
possibility of replacing heart, circulatory and respiratory function by machines, further criteria for the definition of death
became necessary, namely in cases of severe brain damage
and/or irreversible loss of integrative function due to primary
or secondary damage. The forensic pathologists of the 19th
century (e.g. Eduard von Hofmann) knew that destruction or
significant damage to one or several organs that are essential
for life represents a primary cause of death. Bichat (1771–1802)
wrote at the beginning of the 19th century: ‘Each way of sudden
death indeed starts with interrupted circulation of blood, respiration or brain activity. One of these functions suspends first
– the others stop gradually’. The irreversible loss of brain function was therefore long known and accepted as the cause of
death before the introduction of the determined criteria of
brain death. However, a clearer definition of brain death became
necessary by the mid-20th century as respiratory and circulatory functions could be replaced by machines.
Brain death is defined as the irreversible loss of all function
of the brain, including those of the brainstem. The essential
findings in brain death are coma, absence of brainstem reflexes
and apnoea. An evaluation of brain death should be considered
in patients who have undergone massive irreversible brain
injury from an identifiable cause. A patient determined as brain
dead is both legally and clinically dead.
Accordingly, in other legislations for example in Germany,
brain death is defined as the irreversible loss of general function
of brain, cerebellum and brainstem, where heart and circulatory function are maintained by controlled ventilation. Brain
death is the death of a human being.
The diagnosis of brain death is primarily clinical. No other
tests are required if a full clinical examination, including each
of two assessments of brainstem reflexes and a single apnoea
test are conclusively performed. According to the guidelines for
the determination of brain death issued by the New York State
Department of Health, brain death cannot be diagnosed in the
absence of either complete clinical findings consistent with
brain death or confirmatory tests demonstrating brain death.
The diagnosis of brain death is based on a clinical evaluation
of brain function including the following:
1. Coma (of known aetiology).
2. Reaction to pain (trigeminus).
3. Pupillary reaction to light.
4. Pupillary size.
5. Corneal reflex.
6. Eyelid reflex.
7. Oculocephalic reflex.
8. Oculovestibular reflex.
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Box 5.3 Conditions preventing the clinical diagnosis of brain
death.
•
•
•
•
•
•

Intoxication
Hypothermia
Circulatory shock
Endocrine or metabolic coma
Neuromuscular block
Therapeutic modifications of the central nervous system:
○ barbiturates
○ other hypnotics
○ sedatives
○ analgetics

9. Gag reflex.
10. Cough reflex.
11. Masseter reflex.
12. Oculocardiac reflex.
13. Carotid sinus reflex.
14. Atropine test.
Causes of irreversible coma include severe head injury,
hypertensive intracerebral haemorrhage, ruptured aneurysm,
subarachnoid haemorrhage, hypoxic-ischaemic brain insults
and fulminant hepatic failure. Confounding factors such as
drug intoxication, neuromuscular blockade, hypothermia or
other metabolic abnormalities must be ruled out (Box 5.3).
If toxicants such as barbiturates are present, levels need not
be zero but should be in a range that would normally not be
expected to interfere significantly with consciousness. Lack of
significant hypothermia or hypotension is based on a core temperature over 32°C at age ≥18 years and systolic blood pressure
over 90 mmHg at age >80 years. For other ages different agespecific norms should be considered.
The three essential findings in brain death are coma or unresponsiveness, absence of brainstem reflexes and apnoea. The
determination of brain death verifies these findings with the
clinical indications listed in Box 5.4 and shown in Fig. 5.4.
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Box 5.4 Guidelines for determining brain death. From New
York State Department of Health (2005), © New York State
Department of Health.
Coma or unresponsiveness
No cerebral motor response to pain in all extremities (nailbed
pressure) and supraorbital pressure
Absence of brainstem reflexes
• Pupils:
○ no response to bright light
○ size: midposition (4 mm) to dilated (9 mm)
• Ocular movement:
○ no oculocephalic reflex (testing only when no fracture or
instability of the cervical spine or skull base is apparent)
○ no deviations of the eyes to irrigation in each ear with
50 ml of cold water (tympanic membranes intact; allow 1
minute after injection and at least 5 minutes between
testing on each side)
• Facial sensation and facial motor response:
○ no corneal reflex
○ no jaw reflex (optional)
○ no grimacing to deep pressure on nailbed, supraorbital
ridge or temporomandibular joint
• Pharyngeal and tracheal reflexes:
○ no response after stimulation of the posterior pharynx
○ no cough response to tracheobronchial suctioning
• Apnoea test

Confirmatory tests
In some circumstances, a confirmatory test verifying brain
death may be necessary; sometimes confirmatory testing may
precede other aspects of determination of brain death. Confirmatory tests are listed in Box 5.5. All phases of the determination of brain death should be documented in the patient’s
medical records (Fig. 5.5).
If the diagnosis of brain death is carried out under intensive
care unit conditions, it is neither difficult nor likely to be wrong
if the established procedures are followed. However, in the
majority of cases death is established by the classical signs of
death following irreversible circulatory and respiratory arrest.

54

PART II   MEDICAL ASPECTS OF DEATH

Preconditions
Acute primary
or secondary
brain damage

No other
appropriate
causes

Clinical symptoms

Proof of irreversibility

Coma, absence
of brainstem
reflexes,
apnoea

Full clinical
examination

Confirmatory
tests

Acute primary
or secondary
brain damage

EEG: absence of
electrical activity
during at least 30
minutes in cases
of infratentorial
brain damage and
children below 2
years obligatory

Primary

Secondary

Supratentorial
Alternative:

Adults

Children
above 2 years

After 12 hours

Children
below 2 years

Absence of evoked
potentials in cases of
supratentorial and
secondary brain damage
Newborns
Alternative:

Complementary examinations

Absence of intracerebral
circulation

Diagnosis

Diagnosis

After 24 hours After 72 hours

After 72 hours

Immediate

Figure 5.4 Flow chart for the diagnosis of brain death. EEG, electroencephalogram. Reproduced with permission from
Bundesärztekammer (1998), © Deutsches Ärzteblatt, Ärzte-Verlag GmbH.

Box 5.5 Confirmatory tests for determining brain death. From New York State Department of Health (2005), © New York State
Department of Health.
•
•
•
•
•

Angiography (conventional, computerised tomographic, magnetic resonance, radionuclide): brain death confirmed by demonstrating
the absence of intracerebral filling at the level of the carotid bifurcation or circle of Willis
Electroencephalography: brain death confirmed by documenting the absence of electrical activity during at least 30 minutes of
recording that adheres to the minimal technical criteria for EEG recording in suspected brain death
Nuclear brain scanning: brain death confirmed by absence of uptake of isotope in brain parenchyma and/or vasculature, depending
on isotope and technique
Somatosensory evoked potentials: brain death confirmed by bilateral absence of N20-P22 response with median nerve stimulation
Transcranial Doppler ultrasonography: brain death confirmed by small systolic peaks in early systole without diastolic flow, or reverberating flow, indicating very high vascular resistance associated with greatly increased intracranial pressure
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Figure 5.5 Brain death checklist. From New York State Department of Health (2005), © New York State Department of Health.
(Continued on next page.)
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Figure 5.5 (Continued)
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Certification of Death: External
Postmortem Examination

Burkhard Madea and Antonella Argo

6.1 Introduction
For the external postmortem examination, the physician has to
fulfil a wide range of functions concerning different legal and
social aspects (Table 6.1). These functions became part of the
external postmortem examination in the 19th century and are
described in the Royal Bavarian Instructions for Postmortem
Examinations dated 6 October 1839 as follows:
The purpose of the examination after death is, firstly, to
avoid the burial of those who merely appear to be dead,
and, next, to prevent the concealment of violent death
and medical bungling; and also to give suitable assistance,
first, in the discovery of contagious and epidemic diseases
and, next, in the production of accurate lists of deaths.
This canon of objectives, fulfilled by determining the occurrence, cause and time of death – together with an assessment
of the manner of death and information as to whether or not
any contagious disease, as defined by the infection protection
act of the relevant country, is present – have remained
unchanged until the present day. The terminology for death
certification can be found in Table 6.2.
The first and most important purpose of the external postmortem examination is the determination of death not only in
the interest of the decedent but also as a social requirement.
A safe determination of cause of death and underlying
disease is also of utmost priority. Mortality statistics and
resource sharing in the health care system are both based on

Handbook of Forensic Medicine, First Edition. Edited by Burkhard Madea.
© 2014 John Wiley & Sons, Ltd. Published 2014 by John Wiley & Sons, Ltd.

data about underlying disease and cause of death. An exact
definition of the manner of death is essential to guarantee legal
certainty but may also have consequences for other legal areas
(e.g. civil law, insurance law, compensation law).
The legal bases for external postmortem examinations vary
from country to country, and even between different counties
of the same country. In Germany for instance, each of the 16
counties has its own funeral law. An external postmortem
examination has to be carried out once a dead body is found.
A human corpse is defined as follows:
1. The body of a dead person, as long as tissue continuity has
not been destroyed by putrefaction.
2. The body of a dead neonate (irrespective of the body
weight) if it has completely left the womb, and if after
leaving the womb it showed one of the three signs of life
(heartbeat, umbilical pulsation, breathing).
3. A stillbirth (stillborn baby weighing ≥500 g).
4. The head or torso separated from a body that cannot be
reassembled.
The following are not corpses:
1. Skeletons, partial or complete.
2. Miscarriages (stillborn fetuses with a birth weight <500 g;
no requirement to report the death).
The body should be examined without delay once notice of
the death has been received. Any physician may certify a death,
but in some counties in Germany a physician who is related to
the diseased may not be allowed to certify a death. Every private
practice physician in the area covered by his or her practice,
and in hospital, has the obligation to certify a death. A careful
examination of the completely unclothed body is mandatory.
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Table 6.1 Function and importance of the external postmortem examination. Reproduced with permission from Madea (2006),
© Springer.
Function

Importance

Determination of death

Social and individual interests in correct determination of death, ending of the normative
protection of life, civil registers

Determination of the cause of death

Medical aspects, mortality statistics, epidemiology, resource sharing within the health
care system, development of public health programs, allocation of health care resources

Manner of death

Legal security, detection of homicides, classification of conditions of death on requests by
civil law, insurance law or compensation law

Determination of time of death

Civil registers, inheritance law

Transmitted diseases according to the
infection protection act

Hygienic aspects as social interest

Obligations to report

If the manner of death is unnatural/undetermined
If the identity of the deceased is unknown
According to the infection protection act

Table 6.2 Terminology of death certification. Reproduced with permission from Myers and Farquhar (1998), © Canadian Medical
Association.
Term

Definition

Certifying physician

Physician completing cause of death statement on the death certificate (may be the
attending physician, his or her delegate, or the coroner)

Cause of death statement

Completion of part I and II of the death certificate

Underlying cause of death

The condition that triggered the chain of events leading to death; temporally the most
remote condition; aetiologically specific

Immediate cause of death

The final complication resulting from the underlying cause of death, occurring closest to the
time of death and directly causing death

Antecedent (‘intervening’ or
‘intermediate’) cause of death

A disease or condition that occurred as a result of the underlying cause of death but was not
the final complication or immediate cause of death

Mechanisms of death

Physiological derangements or biochemical disturbances by which a cause of death exerts its
lethal effect(s) (e.g. cardiac arrest, respiratory arrest); must not be used as an underlying
cause of death

Non-specific condition

An anatomical or functional derangement that has more than one possible cause (e.g. sepsis,
haemorrhage, heart failure, renal failure); must not be used as an underlying cause of death

Manner of death

A classification of death based on the type of conditions that caused death and the
circumstances under which they occurred (e.g. natural (due solely to disease), homicidal,
suicidal, accidental or undertermined)

Careless examination of a body may constitute a regulatory
offence. If living people are injured as a consequence of careless
medical examination of a dead body, charges may be made
against the physician in charge (if, for instance, carbon monoxide poisoning is overlooked and other people also sustain intoxication by carbon monoxide). Emergency doctors may complete
a preliminary death certificate only, as the regular external
examination has to be carried out by another doctor.
Cases in which the manner of death is unnatural, unexplained or where the identity of the body is unknown have to
be reported to the police. All cases that fall under the infection

protection act of the country have to be reported to the local
health office. All doctors who have previously treated the
deceased have to provide the necessary information if asked to
do so.

6.2 Cause of death
In the confidential part of the death certificate, under the
heading ‘Cause of death’, the course of the disease has to be
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Cause of death
I
Immediate cause*
Enter diseases, injuries or
complications that caused death.
Sequentially list conditions leading
to immediate cause; enter
underlying cause last.

a) ..............................................
due to (or as a consequence of)

Approximate interval
between onset
and death
................................

b) ..............................................
due to (or as a consequence of)

................................

c) ..............................................
due to (or as a consequence of)

................................

d) ..............................................
underlying condition

................................

II
Other significant conditions contributing
to death but not to the underlying cause
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..........................................

................................

..........................................

................................

* This does not mean the manner of dying, e.g., cardiac arrest, respiratory
arrest, etc.
It means the disease, injury, or complication which caused death.
Figure 6.1 International form of medical certificate of cause of death.

documented within a causal chain (Fig. 6.1). The immediate
cause of death is given in Part Ia of the document and the
preceeding causes – diseases that resulted in the immediate
cause of death – in Parts Ib and Ic, with the underlying disease(s)
appearing last. Finally, other important diseases that contributed to death but are not linked to the underlying diseases have
to be mentioned in Part II. The most important epidemiological information is derived from the underlying cause of death
which is used for the purposes of mortality statistics.
The greatest significance of the cause of death is a statistical
one: how many people die from a certain disease? This is
opposed to the final cause of death which gives information
about what people who are suffering from a particular disease
actually die of.
According to German Federal Statistical Office recommendations, if nothing precise is known, the entry ‘cause of death
unknown or unascertained’ is preferable to vague speculation.
Under no circumstances should constituent elements of every
death process, such as ‘cardiac arrest’, ‘respiratory arrest’ or
‘electromechanical decoupling’, be included in any part of the
cause of death cascade extending from underlying disease to
the immediate cause of death.
Within the right-hand column of the document, the duration (time interval) of the disease is recorded, taking as a starting point the estimated onset of the disease and not the time
of its diagnosis. The entries on time intervals also work as a
plausibility check on the cause of death cascade. For adequate
certification of the cause of death, knowledge of the medical
history of the patient and the circumstances leading to her or
his death are essential. A careful analysis of the correlation

between medical history and medical treatment may already
provide important information for the cause of death certification. If the deceased is not personally known to the certifying
physician, appropriate information is required from the treating physician.
A formal and correctly arranged cascade for mortality statistics that leads from the direct cause of death to the underlying disease(s) would be for example:
Ia. Oesophageal varicosal bleeding as consequence of Ib.
Ib. Backflow within the portal vein.
Ic. Liver cirrhosis (underlying disease).
II. Diabetes mellitus.
Ia. Retention pneumonia.
Ib. Obturating bronchial carcinoma.

Case example 1
A 63-year-old man with chronic duodenal ulcer dies several days
following surgery for duodenal perforation of postoperative peritonitis. Furthermore, he suffered from bronchial carcinoma. A
correctly arranged cascade from cause of death to the underlying diseases is:
Ia: Peritonitis.
Ib: Perforation of duodenal ulcer with postoperative peritonitis
(1 week).
Ic: Chronic duodenal ulcer (4 years).
II: Bronchial carcinoma of the lower lobe of the left lung.
If the patient would not have died of postoperative peritonitis
due to chronic duodenal ulcer he would have lived to die a few
years later of bronchial carcinoma.
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Case example 2
A 41-year-old patient developed an apallic syndrome after an
anaesthetic misadventure. He died of pneumonia 4 years later.
A correctly arranged cascade from cause of death to the underlying diseases is:
Ia: Pneumonia.
Ib: Apallic syndrome.
Ic: Anaesthetic misadventure.
The manner of death is ‘unnatural’ in this case.

•

•

•
Case example 3
A 74-year-old woman suffered a fracture of the femoral neck
due to an accidental fall at home. Because she had a cerebral
thrombosis several years before, she suffered from hemiparesis.
During immobilisation a hypostatic pneumonia developed and
she died of pneumonia. A correctly arranged cascade from cause
of death to the underlying diseases is:
Ia: Hypostatic pneumonia.
Ib: Immobilisation.
Ic: Pertrochanteric femoral fracture.
Id: Accidental fall at home.
II: Hemiparesis after cerebral thrombosis (2 years).
The manner of death is ‘unnatural’ in this case.

If the cause of death given in Ia is not the consequence of
further complications or underlying diseases known from the
patient’s history, no further entries are needed, for example:
Ia: Cranial gunshot wound.
Final indirect causes of death can be divided into organ-related
ones and those that are not organ related (Table 6.3).
Within the prestructured entries on underlying disease and
cause of death on the death certificate, according to the guidelines of the World Health Organization, physicians should mentally review the entire history of their patient’s illness. In
particular, they should ask themselves whether or not such a
final morbidity was present that would be expected to lead to the
patient’s death at the time given in the circumstances described.
‘Hard’ and ‘soft’ causes of death should be distinguished:
hard causes of death are present when the underlying disease
of death and immediate cause of death are closely related, do
appear in a close sequence in time, and when there is a close
causal relationship between them, as for example in a case of
clinically diagnosed myocardial infarction resulting in cardiac
rupture and hence in pericardiac tamponade. In this case,
underlying disease and immediate cause of death are present
within one organ system (linear type of death).
Soft diagnoses are characterised by patients who suffer from
more than one underlying disease, none of which suggests itself
a priori as the cause of death, so that the cause of death remains
multifactorial.
When evaluating disease conditions regarding their potential as a cause of death, it is helpful to use a classification of
findings that has been common in forensic medicine for over a
century.

Group 1. Findings that, because of their severity and localisation, are sufficient in themselves to explain the death of a
person without further qualification (e.g. ruptured basilar
artery aneurysm with fatal subarachnoid haemorrhage).
Group 2. Organ changes that explain the death but not the
acuity with which it occurred. One example would be acute
coronary insufficiency. The morphological substrate, severe
atherosclerosis, undoubtedly existed on the previous day, but
an external stress such as physical labour in sultry weather
was the added external event that led to the onset of death
at the given time.
Group 3. Deaths for which no explanation is found despite
the most careful examination.

In addition, one may be guided by ‘death types’ that have
been described as a ‘thanatological bridge’ between the underlying disease and the immediate cause of death (Fig. 6.2):
1. Linear type of death: underlying disease and immediate
cause are within one organ system.
2. Diverging type of death: organ-specific underlying cause,
but non-organ-specific immediate cause.
3. Converging type of death: underlying diseases in various
organ systems lead to death via a final pathogenetic phase
common to all of them.
4. Complex type of death: underlying diseases in various
organ systems with more than one non-organ-specific
immediate cause of death.
If the cause of death remains unclear in a case of unexpected
death of a healthy person, this should be noted on the death
certificate. The German Federal Statistical Office recommendations on entering the cause of death and important terms are
shown in Table 6.4. When only insufficient information is available to describe the immediate cause of death (e.g. because the
patient did not seek medical attendance), descriptive statements should be used such as ‘prostatic carcinoma with lung
and bone metastases’ or ‘found dead with a history of severe
coronary atheroslerosis and recent myocardial infarction’.
Typical errors in death certificates are summarised in Table
6.5, a case illustration with various errors is given in Table 6.6.
Finally, particular problems arise with deaths in old age or
in connection with medical procedures. ‘Senility’ or ‘old age’ are
not causes of death. Retrospective examinations of deaths of
over 85 year olds and over 100 year olds have shown that in
each case morphologically ascertainable underlying diseases
and immediate causes of death were present. If appropriate, the
diagnosed diseases that contributed to the occurrence of death
may be descriptively listed as a multifactorial converging type
of death, in order to avoid ‘makeshift’ diagnoses.
Regarding deaths attributable to medical procedures, the
first notable point is a considerable discrepancy between the
deaths recorded in the German federal statistics as due to
complications of medical and surgical treatment and the data
derived from epidemiological research on death cases due to
maltreatment.
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Table 6.3 Final indirect causes of death. After Fyerter in Madea (2006), © Springer.
Cause of death

Examples

Organ-related causes of death
Respiratory organs

Pneumonia, pulmonary gangrene, pleuritis, pleural emphysema, pneumothorax,
pyopneumothorax, infarction

Cardiovascular organs

Coronary thrombosis, pericardiac tamponade, coronary insufficiency, myocarditis,
myocardial infarction
Organic diseases of the heart, e.g. endocarditis, cardiac hypertension, cardiac hypertrophy
with mesaortitis, cor pulmonale, calcific constrictive pericarditis (concretio cordis),
cardiac insufficiency

Central nervous system: cerebral
death

Brain haemorrhage, encephalomalacia, cerebral contusion, cerebral swelling, cerebral
oedema, encephalitis, status epilepticus, leptomeningitis, pachymeningitis, subdural
haematoma, epidural haematoma

Gastrointenstinal tract

Ileus, peritonitis. In children: gastroenteritis, enterocolitis, poisoning, dyspepsia, dystrophy,
atrophy

Liver

Hepatic coma

Pancreas

Diabetic coma, hypoglycaemic coma, haemorrhagic pancreatic necrosis

Kidneys

Uraemia, urosepsis

Non-organ related causes of death
Fatal embolisms

Thromboembolism, especially pulmonary embolism, fat embolism, air embolism

Bleeding, internal and external

Haemoptysis, melaena, haemothorax, haemoperitoneum

Sepsis

As sequelae of phlegmons and the like, pyaemia, generalised miliary tuberculosis,
urosepsis; see also uraemia

Tumours

Tumour-associated cachexia, tumour-associated anaemia

Special final indirect causes of death
Malformations incompatible with life

Cerebral aplasia, anencephaly

Special causes of death in fetuses
and newborns

Intrauterine asphyxia with/without aspiration of amniotic fluid, chorioamnionitis, dystrophy
in the premature newborn

Epidedemiological research for Germany revealed that
17 500 deaths per year are suspected to be the result of medical
malpractice – these figures are consistent with international
data – whereas the Federal Statistical Office mentions 399
deaths only as complications of medical and surgical treatment
in 2007. It appears clear that there exists a considerable number
of unreported cases, raising the question of whether in relevant
circumstances the attending physician should issue the death
certificate, or whether, irrespective of the existence or otherwise
of suspicion, such cases should always be subject to an official
investigation.

6.3 Causes of death as shown by
cause of death statistics
In 2007, 818 271 deaths were reported in Germany; according
to the Federal Statistical Office, in 784 962 of these, the causes

of death were natural. Even just for the location where death
occurred, there are no uniform data for the whole of Germany;
but more than 50% of deaths today occur in hospital (according to own data), about 25% at home and around 15% in care
homes. The remaining 10% are divided up among transport
accidents, work accidents, and so on.
In 2007, of 17 178 573 inpatient admissions, 6 092 198 of
these were cases belonging to the field of internal medicine. The
second largest number of admissions – 3 592 386 patients –
were to departments of surgery. Within internal medicine
departments, most deaths were seen in cardiology, followed in
descending order by gastroenterology, haematology and geriatrics. Out of a total of 818 271 deaths in 2007, 258 684 were
due to cardiovascular conditions, most common of which was
‘ischaemic heart disease’ (148 641 deaths). The second most
common group of causes of death was ‘malignant neoplasms’,
with 211 765 deaths. It should be borne in mind that deaths for
the various disease groups vary considerably among different
age groups.
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Linear dying type
Severe coronary
atherosclerosis and
thrombosis

Myocardial infarction

Cardiac tamponade

Death

Linear dying type with a vascular disease and cardiac cause of death, 75-year-old male
Suicidal ingestion of
amitryptiline

No other pathological autopsy findings

Fatal concentration
in femoral blood and
several organs

Linear dying type with a drug overdose as cause of death, 43-year-old female
i.v. ingestion of heroin

Pulmonary oedema, brain oedema, fluid
cadaveric blood

Fatal morphine
concentration

Linear dying type with a drug overdose as cause of death in a 25-year-old male
Diverging dying type
Severe metastasis
Carcinoma of gall bladder

Tumour anaemia
Tumour cachexia

Death

Tumour intoxikation

Example: 45year-old woman
with metastatic
cancer and
unspecific cause
of death

Converging dying type
Severe coronary atherosclerosis
Stomach ulcer with recurrent
bleeding

Acute
coronary
insufficiency

Death

Example: 79-yearold man with
vascular, gastric
and pulmonary
disease

Death

Example: 63-yearold man with
vascular and
pulmonary disease
– cerebral as well
as pulmonary
cause of death

Chronic emphysema and bronchitis
Complex dying type
Arterial hypertension
Severe atherosclerosis of
the basal cerebral arteries

Encephalomalacia

Chronic emphysema bronchitis

Bronchopneumonia

Figure 6.2 Types of death. After Leis (1982) and Thieke and Nizze (1988); case examples reproduced with permission from Thieke and
Nizze (1988) and Madea (2004).

Up to the age of 40 years, unnatural death is more fre
quent than death from natural diseases (internal cause of
death), but beyond this age, deaths from malignancies and cardiovascular diseases become more frequent than unnatural
deaths.
These data from the German Federal Statistical Office are
taken from the coding of the entries in the death certificate on
the underlying disease(s) and immediate causes of death, and
it is only the underlying disease which is taken into account in
the current cause of death statistics. On the contrary, in the

State (Land) Statistical Offices, the statement on the underlying
disease is not automatically used for the cause of death statistics
but the coders examine the entries on each death certificate,
determine the underlying disease and code this underlying
disease in accordance with the International Classification of
Diseases regulations. Against the background of increasingly
multifactorial death processes, however, monocausal representations of death can only partially fulfil the requirements of
cause of death statistics and the data derived from them about
indicators for health.
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Table 6.4 Causes of death: examples and important aspects, according to the German Federal Statistical Office recommendations.
Cause of death

Comments

Pneumonia

Primary, hypostatic, aspirational, other underlying causes
Pathogen
If seen as a consequence of immobility or debility: the cause of immobility or debility

Infection

Primary or secondary, pathogen
If primary: bacterial or viral
If secondary: more information about the primary infection required

Urinary infection

Localisation in the urinary tract, pathogen, other underlying causes
If a consequence of immobility of debility: the cause of the immobility or debility

Renal failure

Acute, chronic, or terminal; underlying cause, e.g. hypertension, atherosclerosis, cardiovascular disease
If a consequence of immobility or debility: the cause of immobility or debility

Hepatitis

Acute or chronic, alcohol-related
If viral: type A, B, C, D or E

Infarction

Atherosclerotic, due to thrombosis or embolism

Thrombosis

Arterial or venous, including vascular designation
Intracranial sinus, purulent, non-purulent, venous (state which vein)
If postoperative or in an immobile patient: disease that was the reason for surgery or immobilisation

Pulmonary embolism

If younger than 75 years of age: cause
If postoperative: disease that was the reason for surgery or immobilisation

Leukaemia

Acute/subacute/chronic
Lymphatic/myelogenous/monocytic

Alcohol/medical drugs/
narcotics

Long-term abuse or drinking
Dependency

Complication of surgery

Disease that was the reason for surgery

Dementia

Cause (e.g. senility, Alzheimer’s disease, multiple infarctions)

Accidental death

Details of circumstances (e.g. cyclist hit by a car)
Accident, suicide, violent assault, circumstances unknown
Accident site (e.g. on street, at home); activity at the time of death (playing golf, going to the movies,
working)

Tumour

Benign, malignant, location, metastases

Table 6.5 Definition of major and minor errors in death certificates. Reproduced with permission from Myers and Farquhar (1998),
© Canadian Medical Association.
Type of error

Definition

Major
Mechanisms of death listed without an
underlying cause

Mechanisms or non-specific conditions listed as the underlying cause of death

Improper sequencing

Sequence of events does not make sense; underlying cause of death not listed on
the lowest completed line in part I

Competing causes

Two or more causally unrelated, aetiogically specific diseases listed in part I

Minor
Abbreviations

Abbreviations used to describe diseases

Absence of time intervals

No time intervals listed in part I or II

Mechanism of death followed by a legitimate
underlying cause of death

Use of a mechanism, but qualified by an aetiologically specific cause of death
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Table 6.6 Case illustration showing types of mistake in stating the cause of death. Case scenario adapted with permission from Myers
and Farquhar (1998), © Canadian Medical Association.
A 75-year-old male smoker with a 5-year history of pulmonary emphysema is admitted to hospital because of an exacerbation of his
lung disease. In hospital, Haemophilus influenzae pneumonia is diagnosed. Independently of this, he has a 10-year history of coronary
heart disease. While in hospital his condition worsens, but he does not wish to be intubated and artificially ventilated. One week after
admission, he is found dead in his bed. Four alternative ways of staging the cause of death on the death certificate are shown (A–D). In
this case only alternative D is correct.

Disease leading
to death

Finding(s)

Approximate time interval
from onset of disease to death

(a)

Respiratory arrest

–

Functional end status given, time interval from onset
of disease to death omitted

(b)

–

–

–

(c)

–

–

–

Part II

Coronary heart disease

–

–

(a)

Emyphsema

–

Incorrect sequencing of the underlying cause and the
immediate cause of death, time intervals absent

(b)

Pneumonia

–

–

(c)

–

–

–

Part II

Coronary heart disease

–

–

(a)

Emphysema

5 years

Competing causes of death that have no causal
connection

(b)

Coronary heart disease

10 years

–

Part II

–

–

–

(a)

Haemophilus influenzae
pneumonia

1 week

–

(b)

Emphysema

5 years

–

(c)

–

–

–

Part II

Coronary heart disease

10 years

–

Mistake type

A
Part I

B
Part I

C
Part I

D
Part I

6.4 Consistency between cause of
death diagnosis on the death
certificate and following autopsy
Numerous studies have been published on the validity of clinically determined causes of death as entered on the death cer-

tificate in comparison to pathoanatomical findings. The Görlitz
study (1986–1987), with a nearly 100% autopsy rate (1060
deaths, in 1023 of which a postmortem was carried out),
showed incongruity between certificate and autopsy findings
in totals of 45% of male deaths and 48.8% of female deaths.
Among hospital deaths, there were incongruities of the underlying disease in 42.9% of men and 44% of women; among
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Box 6.1 Discrepancies between causes of death determined
clinically and at autopsy. After Shojania et al. (2002).
Major mistake, class 1
Clinically missed diagnosis that proves at autopsy to have been
the underlying cause of death and/or the main immediate cause
of the patient’s death. If the diagnosis had been made on time,
the patient’s life could have been prolonged, at least for a time
Major mistake, class 2
Clinically missed diagnoses that would not have affected the
management and course of the disease had it been made before
death
Minor mistake
Diseases or medical facts discovered during autopsy that have
no direct causal connection with the underlying or immediate
cause of death

deaths in care homes the corresponding figures were 63.2% of
men and 57.8% of women; and for deaths occurring elsewhere
(at home, in public, etc.), the rates were 41.3% for men and
50.7% for women. Among iatrogenic deaths, the rate of incongruities between underlying diseases as determined clinically
and found at autopsy was as high as 72%, and inconsistencies
for immediate causes of death were 45.8%.
Numerous studies have differentiated and operationalised
the discrepancies between clinically determined causes of
death and those determined at autopsy (major mistake, class 1;
major mistake, class 2; minor mistake; Box 6.1). According to
various statistics, class 1 major mistakes having consequences
for treatment and survival of the patient, occur in 11–25% of
all deaths, while class 2 major mistakes, with no consequences
for treatment and survival, are found in 17–40% of all death
cases.
According to a meta-analysis by Shojania et al. (2002), class
1 major mistakes have decreased in the past 40 years but do still
occur in about 8–10% of deaths. However, the rate of agreement
or disagreement between clinically and autopsy-determined
causes of death depends on many variables, such as:
1. The definition of the cause of death.
2. The evaluated disease class.
3. Age.
4. The patient group under investigation (outpatient, inpatient, specialised hospital).
5. The duration of the hospital stay.
6. The predictability of the death (expected vs. unexpected).
7. The autopsy rate.
No comparison between clinically and autopsy-determined
causes of death taking into account these variables in a differentiated way have yet been carried out, and none is to be
expected under the current regulatory framework (at least in
Germany) on performing clinical autopsies. This is particularly
true for outpatient deaths, which are almost never subjected to
autopsy except when ordered by the courts.
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The concept of diagnostic error would correspond to the
class 1 major mistake. A diagnostic error is assumed to have
occurred when, at the end of the diagnostic decision process, a
disease is definitely presumed to be present in a patient when
in fact it later proves not to be so. Furthermore, when a treatment is initiated that is not appropriate for the disease identified at the later date, and the failure to recognise the disease that
is actually present has led to a worsening of the patient’s prognosis, diagnostic error is assumed.

6.5 Manner of death
According to cause of death statistics, around 4% of deaths in
Germany result from unnatural causes (Fig. 6.3). Around 10 000
cases per year are due to suicides, 6000 to accidents at home,
just under 6000 result from transport accidents and 526 deaths
result from physical assaults.
Retrospective analyses of death certificates for which the
manners and causes of death have been checked at autopsies
suggest that unnatural deaths are around 33–50% more frequent than is reflected by the Federal Statistics, and that it could
be assumed that there are around 81 000 unnatural deaths every
year. From the judicial point of view, a particular concern has
to be the number of homicides that remain undiscovered by
means of medical death certification. A multicentre study suggests that every year around 1200 homicides remain unidentified on death certificates in Germany (Brinkmann 1997). This
large number of unrecorded cases was repeatedly confirmed by
incidental findings of homicide or even serial murders (including those in care homes and hospitals). Six per cent of hospital
physicians regularly attest exclusively a natural death; 30% tick
the box for natural death even in cases of violence, poisoning,
suicide or following medical intervention. In assessing the
manner of death, the certifying physician decides whether
a death will ever come to the attention of the investigating
authorities. Assessing the manner of death is thus an extremely
important task not only from the judicial point of view (detection of homicides), but also in terms of the interests of the
bereaved (for example, compensation claims after a fatal accident). ‘Natural’ is a death from an internal causes (disease),
where the deceased person has suffered from a disease that can
precisely be identified and from which death was anticipated;
the death occurred entirely independent from any external
factors of legal significance. The prerequisite for attesting a
natural death is thus the existence of an underlying disease of
death known from the patient’s medical history with a poor
prognosis as to survival.
‘Unnatural’, by contrast, is a death attributable to an event
caused, triggered or influenced from outside, irrespective of
whether it is due to the fault of the patient him- or herself or
of a third party. Unnatural deaths are those due to:
• Physical assault.
• Accident (irrespective of whose fault).
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Trauma, poisoning, and certain
other consequences of external
causes/unnatural causes of
death (30 571)

Accident at home
(6361)

Intentional self-harm
(9402)
Violent
assault
(451)

827 155

Accident
at work or
at school (471)

30 571

Traffic acccident
(5011)
Natural causes of death
(796 505)

Sports accident,
accident at play
(145)

Other accidents
and all other
entries (8730)

Figure 6.3 Causes of death, showing the proportion of unnatural causes of death among deaths in Germany 2007. Courtesy of the
Federal Statistical Office, Germany (www.destatis.de; last accessed 12 June 2013).

•
•
•
•
•

Homicide.
Poisoning.
Suicide.
Treatment errors/medical malpractice.
Fatal consequences of any of the first six points.
The interval between an external event at the beginning
of the causal chain that leads to death and the occurrence of
that death can thus be indefinitely long (it may be years). If
the cause of death cannot be ascertained when the death certificate is issued, the manner of death will therefore also remain
unclear.
Various regulations relating to the certification of death in
different states (Länder in Germany), and a draft outline for a
federal-wide death certification process from the German
Medical Association, envisage explicitly that attestation of
a natural death requires examination of the unclothed body.
Section 3 of the Bavarian Interment Regulations, for example,
says, ‘. . . determination of a natural death requires in every case
that the medical external examination on which the death certificate is based be carried out with the body of the deceased
completely undressed. This examination of the completely
undressed body shall include all regions of the body including
all body orifices, the back, and the scalp’.
Sensible though this requirement is, there is no doubt that
it is regularly disregarded. If the physician fails to meet the
required standards of thoroughness, however, he or she has
committed a regulatory offence. Alternatively, it must be recognised that completely undressing a dead body in cases of
expected death in hospital will not lead to any gain in further
information and can face the certifying physician with objective
problems (e.g. when complete rigor mortis is established and

no support personnel are available to help). Furthermore, this
requirement fails to take into account the difference between
expected and unexpected deaths.
The manner of death remains undetermined if the cause of
death cannot be identified on examination even with the help
of the medical history. The attestation of natural death always
assumes that a clear cause of death can be given. In this regard,
it is worrying, that about 50–70% of physicians certify a ‘natural’
death for death following femoral neck fractures, 20% for
deaths during injections and 30–40% for intraoperative deaths.
If on the one hand, unnatural deaths are considerably underrepresented in official statistics, and on the other hand, both
physicians in private practice and those working in emergency
departments report attempts by the police to influence them
to certify a death as natural although no cause of death is
apparent, hence the death ought to be certified at least as
unexplained. In an anonymous survey of randomly selected
physicians, 41% of physicians in private practice and 47% of
emergency room physicians reported such attempts to influence death certification. The background of these attempts is
that investigating authorities have a teleologically narrowed
understanding of the term ‘unnatural death’ as meaning ‘death
in which there is a possibility of third-party guilt’. If a natural
death is certified, no further investigations are necessary. Indicators that a death may be unnatural may arise from the case
history and findings: for example, sudden death without known
previous illness, prima facie accidents and suicides, presence of
farewell letters, and so on. Findings that tend to indicate unnatural death include conjunctival haemorrhages, unusual colour
of livor mortis, remains of tablets in the oral area and signs of
injury.
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Unsuitable criteria for indications of natural death are age,
especially when no pre-existing life-threatening diseases are
known, and the absence of visible trauma.
Regarding deaths in hospital, especially when the patient
was under medical treatment for long enough a period, the
error rate should also be relatively low; problem areas include
failure to identify causal connections to trauma at the beginning of the fatal causal chain, and deaths related to medical
procedures. In the inpatient setting, there are occasional reports
of initially unrecognised series of killings by physicians or
nursing personnel.
The danger of errors and scope for deception are without
doubt greatest when death is certified by private practice physicians at home; typical mistakes and sources of error, in order
of frequency, are:
• Inexperience.
• General carelessness.
• Careless examination of the body.
• Consideration of the emotional state of relatives.
Furthermore, there are sometimes also unfavourable external
conditions, such as poor lighting, and simply not being adequately trained for the job; or that there was no possibility of
calling an appropriately qualified certifying physician. Particularly physicians in private practice can find themselves being
confronted with a conflict of interests, since they are also the
physician of the relatives of the deceased. Attesting an unexplained death puts them at risk of triggering investigations that
could lose the relatives as patients. Compared to a physician
working in private practice, the hospital physician is in a more
protected position (death in the medically dominated environment of a hospital rather than in the private area).

6.5.1 Problem areas
Problems that may repeatedly arise within the hospital context
are as follows:
1. Deaths in connection with medical interventions.
2. Deaths following injury from a fall or other violent events,
in which the causal connection to violence from another
person or another external event is not identified and
therefore death is wrongly certified as natural.
For deaths occurring unexpectedly linked to medical interventions, the manner of death should always be certified as ‘unexplained’, so that an official autopsy can be carried out to
investigate objectively the underlying and immediate cause(s)
of death. This is the only basis an opinion can be expressed on
any question of maltreatment. Certifying the manner of death
as unexplained or unnatural does not signify an admission of
maltreatment.
For physicians in private practice, the main problems may
arise when bodies are found at home, patients die unexpectedly
and with deaths occurring in old age.
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Box 6.2 Errors and risks of the medical examination for death
certification.
Beware
• Never certify a death in the absence of definite sign(s) of
death
• Examine the unclothed body carefully
• Review the patient’s medical history:
○ What was the clinical diagnosis?
○ What was the sequence of events leading to death?
○ Can manner and circumstances in which death occurred
be explained by the confirmed clinical diagnosis?
○ How certain are the diagnoses of the underlying and
immediate causes of death?
• Was there any external event at the beginning of the causal
chain that led to death? If yes, the death should be certified
as unnatural
• If death occurred in the context of medical interventions, the
manner of death is unexplained or unnatural
• If the cause of death cannot be established even after interviewing doctors who previously treated the patient, it remains
unclear, and so does the manner of death
• Resist attempts to influence how you complete the death
certificate
Mistakes
• Giving the functional status as cause of death without relating it to an underlying cause
• Incorrect sequence from the final cause of death to the
underlying cause
• Time intervals not stated
• Overlooking a causal connection with an external event (e.g.
trauma) at the beginning of the causal chain that led to death
• Inadequate or misinterpreted clinical information
• Efforts to conceal diagnoses that might cause uneasiness or
distress to family members

If the cause of death cannot be established from external
examination of the body or from interviewing any doctors
previously involved in treatment, this should be recorded and
the manner of death certified as unexplained. With old people,
there is always the question whether or not case history and
severity of the diagnosed disease(s) explain the occurrence of
death at this particular moment. Mistakes and risks of the
medical examination of a body are summarised in Box 6.2.
Whenever the cause of death cannot be established by external examination, an autopsy should be carried out, as this is
still usual in many countries in Europe. In Germany, the present
autopsy rate is less than 5% of all deaths; the rate of hospital
autopsies in particular has been dropping sharply in recent
years, while judicial autopsies have remained relatively stable at
2% of deaths (compared to autopsy rates of 20–30% in England,
Scotland and Wales, Sweden and Finland).
These autopsies, which are required for valid cause of death
statistics and for the planned National Mortality Register,
would, however, have to be remunerated adequately, which
unfortunately they are not at present.
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6.6 Special constellations of
circumstances in external
postmortem examination
6.6.1 Unexpected deaths during
hospitalisation

of life and at the beginning of imprisonment in single cells.
Clothing, belts, pieces of bedclothes and electric cables are often
used for strangulation and windows and parts of sanitary
installations or heating pipes for suspension. Even in prison
cells occupied by more than one prisoner unnoticed suicides
can occur.

About 2–2.5% of all hospitalised patients die at hospital. In
Germany, of 17.5 million hospitalised patients, around 400 000
die each year. Death cases are mainly due to severe underlying
disease or accidents that have led to hospitalisation. However,
unexpected deaths occur in hospital too, due to as yet diagnosed diseases, as for example in acute coronary insufficiency
or pulmonary embolism. Special problems include diagnostic
or therapeutic misadventures. When unexpected deaths occur
during hospitalisation, especially in connection with medical
procedures, the manner of death should be classified as unnatural or unascertained and the police should be notified.
Other types of unnatural deaths during hospitalisation are
accidental falls, deaths during fixation, scaldings when people
are being left unattended in bathrooms and also suicides (in
particular in psychiatric hospitals). However, homicides, even
serial homicides, occur in hospital, committed by doctors and
nurses. Therefore, each case of an unexpected death during
hospitalisation requires a thorough investigation.

6.6.4 Deaths in the bathroom

6.6.2 Deaths in police custody

Findings at the scene

Death in police custody occurs mainly in males within the
fourth to fifth decade of life. Causes of death range from sudden
natural death (especially due to cardiovascular diseases), to
suicide (mostly by hanging), undiagnosed head injuries and
intoxications (alcohol intoxication or mixed alcohol–drug
intoxication), or combinations of both. Special risk factors
for deaths in police custody are higher age, pre-existing
natural diseases, injuries, blood alcohol concentrations higher
than 300 mg/100 mL and combined alcohol–drug intoxication.
Therefore prior to imprisonment a thorough investigation to
determine the fitness of the individual to be detained in custody
has to be carried out. People under the influence of alcohol may
show impaired consciousness. In cases with additional head
trauma a differential diagnosis between impaired consciousness due to alcoholisation or head trauma is important.

1. Drugs, sources of carbon monoxide, water in the bathtub
(water level, water running, water temperature, bath
additives).
2. If the bathtub is empty lines or marks in the bathtub corresponding to the previous water level.
3. Electric devices near to or in the bathtub.
4. Switch position of hairdryers or room heaters.
5. Farewell letters in the premises.

6.6.3 Deaths in prison
Of deaths in prison 30–40% are due to natural diseases, mostly
cardiovascular diseases. Comparatively rare are deaths due to
accidents by intoxication. Homicides occur only very rarely. Of
greater importance are suicides (mainly by hanging) that are
particularly committed by male prisoners in the third decade

Unexpected deaths in the bathroom are a particular challenge
since only 10–30% of these cases are due to natural mechanisms. Of particular importance are accidents and suicides, but
5% of cases are expected to be homicides or around the disposal
of a homicide victim in the bathtub. As causes of unexpected
deaths, carbon monoxide poisoning, drug intoxication and
electric devices being used in the bathtub play important roles.
Electric burns may be absent in bathtub deaths. However, porcelain white stripes and a demarcation of postmortem lividity
according to the water level may be seen.
Even violent deaths in bathtubs may show only few if any
external injuries. In a well-known case of crime history the
offender drowned his victims (his wives who trusted him)
when they took a bath by taking their legs and pulling them out
of the bathtub until their heads were under water. In cases of
deaths in the bathroom therefore the following checklist may
be helpful.

Examination of the corpse
1. Basic examination: clothing, postmortem lividity, rigor
mortis, body core temperature (rectal temperature), water
temperature.
2. Signs of water immersion like washer-woman’s skin.
3. Signs of drowning (froth extruding from mouth and nose).
4. Findings that are related to possible intoxication.
5. Electrical burns: blisters, ‘linear electric burns’, linear
demarcation of postmortem lividity according to the water
level.
6. Death due to pre-existing diseases like epilepsy with seizures (tongue bites).
7. Injuries which are not compatible with the findings at the
scene.

CHAPTER 6   CERTIFICATION OF DEATH: EXTERNAL POSTMORTEM EXAMINATION

6.6.5 Deaths in psychiatric hospitals
There is a higher suicide rate of mentally ill patients, especially
due to depressive and schizophrenic disorders, in psychiatric
hospitals. They are mainly committed by younger patients in
the third to fourth decade of life. Hanging is one of the most
frequently used methods followed by intoxication and falling
from a height. If suicide by jumping from a height is suspected
the horizontal distance between the final position of the body
and the point where the person jumped off has to be measured
and checked for plausibility.
When thick clothing is worn and the ground is soft there
might be a significant discrepancy between the absence of
externally visible injuries due to the blunt force impact and
extensive injuries revealed at autopsy.

6.6.6 Deaths at the steering-wheel
Death at the steering-wheel may be due to accidents, suicides
or pre-existing natural disease. Suspicion for suicidal death is
raised if the cause of an accident is not evident, for example
driving on a straight street at high speed against the pillar of a
bridge with the safety belt unused. In case of sudden death
behind the steering-wheel, there are often only minor injuries
seen on the deceased, and there may be a typical driving pattern,
such as striking parked cars, collision with oncoming vehicles,
drifting to the opposite lane or attempts to stop the car. Sudden
natural death at the steering-wheel mostly affects men within
the sixth to seventh decade of life dying due to ischaemic heart
disease. Electrophysiologically, fatal cardiac arrhythmia develops over a period of about 2 minutes. Warning symptoms due
to damage of cerebral function are recognised and the car driver
tries to stop the car to avoid severe accidents. If serious injuries
are found following unexplained accidents at external postmortem examination, an autopsy should be carried out to clarify
two substantial questions:
1. Is there any internal natural disease that possibly caused
the accident?
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2. Is there an internal disease that may have contributed to
death compared to the accident-related injuries?

6.6.7 Deaths by poisoning
The suspicion of poisoning depends on three circumstances:
case history, conditions under which death occurred and findings at the external postmortem examination. Intoxication as a
cause of death has to be taken into account under the following
circumstances:
1. Young healthy people without any medical history.
2. Simultaneous ‘sickness’ of several people.
3. Mentally ill people.
4. Drug addicts.
5. Third parties that might be interested in the death of an
individual (e.g. elimination of a relative who is perceived
as a burden for carers, rich testators, high-value of life
insurance, enemies, rivals).
6. People who have good access to poisons (e.g. chemists,
biologists, physicians, nurses, photographers, goldsmiths,
etc.).
Symptoms that may hint at intoxication are:
1. Sudden and unexpected illness, sudden collapse and immediate death.
2. Seizures, agitation, loss of consciousness, coma or sudden
unresponsiveness.
3. Respiratory depression, dyspnoea, apnoea or snorkelling.
4. Changes of the diameter of the pupil and salivation.
5. Froth in the mouth and nostrils.
6. Abdominal pain, emesis or diarrhoea.
External findings of the external postmortem examination
are mostly non-specific, but there may be certain changes that
might indicate intoxication (Table 6.7). Furthermore, great
attention should be paid to findings at the scene of death (e.g.
glasses or bottles sometimes with remnants of substances, drug
containers, warning colours of poisons, vomit, etc.) (Fig. 6.4).
Besides poisoning by oral ingestion, poisoning via the vaginal or
anal pathway occurs, both in cases of suicides and homicides.

Table 6.7 Findings at the external postmortem examination in cases of intoxication. After Madea (2006), © Springer.
Finding

Possible toxic substances

Skin bleeding

Each poison that may lead to damage of liver parenchyma, in particular phosphorus, Amanita
phalloides

Odour

Hydrogen sulphide, cyanide, ammonia

‘Holzer’ blisters
a

Hypnotics (barbiturates)

Miosis

So-called MNOP toxins: morphine, opiates, nicotine, phosphoric acid esters, physostigmine,
pilocarpine, prostigmine, barbiturates

Mydriasisa

So-called ABC toxins: ethanol, Amanita muscaria, Amanita pantherina, atropine, cannabinoids,
quinine, cocaine, colchicine, cyanides, methanol, scopolamine
(Continued)
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Table 6.7 (Continued)
Finding

Possible toxic substances

Acid traces

In particular lyes, acids but also halogens, phenol and its derivates, paraquat, trichloroethylene

Salivation

Phosphoric acid esters, Amanita muscaria

Light red nails

Carbon monoxide

Livor mortis:

a

ash-grey

Methanol

brownish

Methaemoglobin-former (e.g. nitrites, nitrobenzene, chlorates, soaps, aromatic amino
compounds)

light red

Carbon monoxide, cyanides

Several injection sites

Opiates

General icterus

‘Liver toxins’, phosphorus intoxication, mushroom poisoning

Mees’ lines

Arsenic, thallium

Dark gingival seam, stomatitis

Lead, mercury, bismuth

‘Paw’ position of hands

Hydrocyanic acid, strychnine, phosphoric acid esters

Hair pulls out easily

Thallium

Because of agonal (hypoxia of the brainstem) and postmortem changes only of limited value.

(a)

(b)

Figure 6.4 Warning colours in suicidal intoxication. (a) Combined suicide by oxydemetonmethyl ingestion and hanging, as evidenced by
the blue stain flow from the left side of the mouth and strangulation mark. (b) Intensive blue colour of mouth and lips in a case of
suicidal intoxication with solvents.

6.6.8 Discovery of several corpses
If more than one body is found at the scene of death or when
a body and a dead animal or a body and another person in
poor health are found together, an unnatural death should be
assumed unless the contrary is proven. Coincidental deaths of

two people at the same time represent an absolutely rare event.
When several people are found dead at one scene, the following
constellations are possible.
• Homicide.
• Homicide with survivor.
• Homicide with suicide of the offender.
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•
•
•
•

Homicide with attempted suicide.
Suicide, extended suicide, suicide with survivor.
Accident.
Death due to underlying natural diseases.

6.7 Checklist for the external
postmortem examination
(according to Madea 2006)
6.7.1 Who initiated external postmortem
examination/who notified doctor?
1.
2.
3.
4.
5.

The bereaved (in cases of death at home).
Head of an institution.
Medical staff.
Failed emergency aid.
Police (somebody found dead).

6.7.2 Date and time of the external
postmortem examination
These should be noted on the patient’s medical notes.

6.7.3 Place of the external postmortem
examination
1. In hospital:
a. death was expected;
b. death was unexpected.
2. At home:
a. death was expected;
b. death was unexpected;
c. discovery of corpses.
3. In public:
a. accident;
b. sudden collapse;
c. emergency aid;
d. discovery of corpses.
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6.7.5 Description of the immediate
surroundings next to the corpse
1. Condition of the premises (e.g. tidy, neglected, searched,
etc.).
2. Information about use of alcohol, illicit drugs or pharmaceuticals (e.g. bottles, cans, drugs, prescriptions, utensils of
drug abusers).
3. Weapons, tools for strangulation lying next to the corpse,
pools of blood or traces of blood.

6.7.6 Information about diseases
Health insurance certificates, drugs or prescriptions.

6.8 Identification of the corpse
1. Individual is known to the doctor.
2. Identity documents of the deceased (passport, driving
licence) present.
3. Family members/police/others can give information about
identity.
4. Identification is impossible.

6.8.1 Condition of clothing
1. Arranged or disarranged.
2. Buttons are in buttonholes, buttons are torn out or button
tape is damaged.
3. Zippers are unzipped or closed.
4. Kind of outerwear/underwear and footwear.
5. Damage and dirt of clothing and footwear.
6. Stains of blood, secretions on fabric of clothing or tissues.
7. Scratches on footwear/soles.
8. Watches, jewellery and contents of pockets.
9. Modification of clothing during external postmortem
examination (clothes are cut, torn).

6.8.2 Resuscitation
6.7.4 Description of the surroundings
where the body was found
1. Outdoors or indoors (doors and windows opened or
closed, describe type and way of locking).
2. Inside and outside ambient temperatures, weather conditions; heating system running or not.
3. Finding of corpses indoors: kind of room, position of the
corpse, describe clothing present.

1. Situation when emergency doctor arrived.
2. Medical actions during resuscitation (see records of rescue
services).
3. Injections (note injection sites and differentiate between
earlier and recent ones).
4. Intubation (difficulties, complications).
5. External cardiac massage.
6. Complications (rib fractures, misintubation, pneumothorax).
7. Defibrillation.
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6.8.3 Position of the corpse
1. Supine position, prone position, lateral position, headdown tilt.
2. Arms/legs stretched, bent, splayed out.
3. Gender, age (estimate if necessary).
4. Body length, body weight, nutritional status.
5. Body adhesions: blood, faeces, sperm, dirt (locations).
6. Trace flow of blood and secretions (course, dried).

6.

7.
8.

6.9 Examination of the corpse
6.9.1 Postmortem changes
1. Lividity (livor mortis): position, colour (pink, cherry-red:
carbon monoxide; cold environment, brownish red: methaemoglobin; normal colour: bluish purplish), intensity,
expansion (little expansion: internal/external blood loss;
anaemia).
2. Rigidity (rigor mortis): determine the degree of rigor
mortis in finger joints and larger joints (present/not
present, doughy/smooth, hard, breaking the rigidity manually not possible, reappears after breaking).
3. Drying: of lips, genitals, conjunctivae, extremities.
4. Supravital reactions: determine idiomuscular pad, electric
excitation of skeletal muscle, measure deep rectal
temperature.
5. Putrefaction: greenish discoloration of abdominal skin,
epidermal detachment, skin blisters, facial/abdominal/
scrotal swelling with gas; superficial veins of the skin are
visible, putrefactive fluids in mouth and nostrils, hair pulls
out easily, nails fall off.
6. Corpse fauna: fly eggs in nostrils, palpebral fissures, corners
of the eyes, corners of the mouth or penetrating skin
lesions; fly maggots (lengths); fly pupation, pupae; empty
pupal shells.
7. Is the degree of postmortem changes compatible with indicated time of death?

9.
10.

11.

6.9.2 Systematic examination of
the corpse
1. Odour: press on costal arch, take a smell at mouth and
nose (alcoholisation: aromatic odour, hydrogen cyanide:
bitter almond odour, E605: garlic-like odour; uraemia:
acetone)
2. Oedema of the lower legs.
3. Pressure marks on knees/ankles: ‘Holzer’ blisters in cases
of hypnotic intoxication with sedatives and barbiturates.
4. Scars: on the inner wrist if attempted suicide in the past,
surgical scars, scars after cut/stab wounds.
5. Injection sites: drug addiction, then check crook of the
arm, forearm, back of the hand, but also interdigital skin
between fingers and toes, mucosa of the oral vestibule,

12.
13.

tongue, groin, penis; older injection sites and injection
sites of different ages arranged like Baily’s beads (‘shoot
bands’), skin abscesses or scars thereof.
Signs of pregnancy: darker areolae mammae, yellowish
fluid running out of mamillae when squeezed, striae on
lower abdomen and thighs; palpatory findings over
abdomen, fundal height.
Hairy scalp palpation: swelling, haematoma, injuries of
the scalp, palpable crepitation.
Facial: lesions of prominent parts (eyebrows, zygomatic
arches, nose, chin – injuries due to falls when sudden
death occurred), bleeding, eyelid swelling (monocular
haematoma, lips and mucosa of the oral vestibule with
lacerations when blunt force impact/beating occurred),
bleeding from the external auditory meatus (and/or from
the mouth and nose); basilar skull fracture – punctal
petechial haemorrhages of the facial skin (on eyelids, in
conjunctivae of the eyelids, mucosa of the oral vestibule
during compression of the throat (manual strangulation/
ligature), chest compression; detailed examination of the
neck necessary in every case.
Facial swelling and cyanosis.
Eyes:
a. opened, closed, drying of the sclerae;
b. pupil width: of equal or different size, small/middle/
large width;
c. Haemorrhages of the conjunctivae of the eyeballs.
Mouth and nose:
a. froth: pulmonary oedema (congestive heart failure),
opiate intoxication, drowning;
b. death due to compression of the neck;
c. vomitus in the oral cavity, foreign material in the oral
cavity;
d. suicidal or homicidal intoxication: particles of tablets;
e. trace flow from a corner of the mouth, trace flow of
saliva in cases of hanging (salivation due to pressure
to pterygopalatine ganglion);
f. blood in the oral cavity and in the oral vestibule:
blunt force (lacerations of the lips and the mucosa of
the oral vestibule);
g. gunshot wound in the mouth;
h. teeth: fixed, condition of denture; acid burn of lips,
trace flows;
i. teeth framed prints on lips and the mucosa of the oral
vestibule: manual occlusion of the mouth;
j. upper gastrointestinal bleeding: in case of gastric
bleeding possibly haematinised blood acid or alkaline
intoxication.
Tongue: behind, between the rows of teeth, injuries due
to bitemarks.
Nose:
a. nasal skeleton with abnormal mobility, contents of
nostrils, trace flows;
b. perioral/perinasal dryings/reddening of the skin;
c. occlusion of the mouth and nose.

CHAPTER 6   CERTIFICATION OF DEATH: EXTERNAL POSTMORTEM EXAMINATION

14. Neck: injuries (dryings, skin bleeding, subhaemorrhages,
scratches of the epidermis, tools for strangling found
around the neck, ligature furrow, ligature mark): horizontal mark ascending to one side or to the nape of the neck,
similar or different ligature impressions, double ligature
marks, subcutaneous bleeding in the middle of the ligature mark.
15. Trunk/thorax/extremities:
a. injury signs: dryings, abrasions, haemorrhages,
subcutaneous haematomas, penetrating skin lesions,
abnormal mobility (cervical spine: pull head gently
and turn it to each side);
b. pelvic ring (press/palpate spina iliaca anterior superior and symphysis);
c. arms: fingertip bruising on the inner upper arms,
defensive wounds on the extensor side, on forearms
(ulnar/little finger side), on the backs of the hands;
abrasions on the backs of the hands due to atonic
falls; gunshot residues, blood splatters, injuries caused
by the slide of a weapon in cases of suicidal gunshot
injury.
16. Electric burns: on hands, flexor aspects of fingers, soles,
toes.
17. Anus, genitals: anal bleeding, genital bleeding (signs of
injury, foreign objects, adhesion of secretion, sperm,
faeces).
18. General status of care and nutrition (important in cases
of neglect: infants, toddlers, disabled, elderly, invalids).
19. Decubital ulcers, pressure sores: localisation, size, status
of care.

Necessary instruments for the external
postmortem examination
1. Single-use gloves.
2. Two forceps (to evert the conjunctivae of the eyelids).
3. Torch light if illumination is low.

6.9.3 Anamnesis/conditions of death and
time of death
1. Death was expected, defined underlying disease with a poor
prognosis was known; time and conditions of death is compatible with diagnosis and prognosis.
2. Sudden and unexpected death; no anamnestic information
regarding underlying diseases that could directly lead to
death.

6.9.4 Who performed the external
postmortem examination
1. Treating physician.
2. Doctor with information given by treating physicians.
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3. Neutral doctor when death occurred during surgery (exitus
in tabula).
4. Doctor with no information given by treating physicians.

6.9.5 Measures/consequences
1. When external postmortem examination is completed, the
death certificate has to be filled out (ask treating physician
if additional information is available on the case medical
history).
2. If it is impossible to undertake the external postmortem
examination at the place where the corpse was found:
inform the police.
3. If death is unnatural or manner of death is unclear: inform
police.
4. If there is suspicion of carbon monoxide intoxication,
inform residents and police in order to determine the
source.

6.10 Completing the death certificate
1. Functional final states (such as respiratory, circulatory or
cardiac arrest, cerebral death, old age) are not ‘causes of
death’ but constituent parts of the dying process.
2. Cachexia and bleeding to death are causes of death but the
underlying diseases have to be named such as:
a. cachexia caused by anorexia nervosa;
b. bleeding to death caused by an aneurysm that ruptured into the abdominal cavity;
c. bleeding to death caused by stab wounds of the chest
with injuries of heart and lungs.
3. Note obligation to inform the:
a. police: if death is unnatural, the manner of death
is unclear or the identity of the deceased is not
known;
b. health authority: if there is suspicion of communicable
diseases and/or transmitted diseases according to the
infection protection act.

Useful website
Statistisches Bundesamt, www.destatis.de (last accessed 18 March
2013).
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Postmortem Changes
and Time Since Death

Burkhard Madea, Claus Henssge, Saskia Reibe,
Michael Tsokos and Gerhard Kernbach-Wighton

7.1 Early postmortem changes
Burkhard Madea and Claus Henssge
With irreversible cardiac or respiratory arrest, immediate muscular flaccidity occurs and all muscle tone is lost. Due to the
loss of cardiac activity, early signs of death develop as postmortem lividity and rigor mortis. Depending mainly on ambient
temperature, cause of death (infectious disease, sepsis) and
medication (antibiotics), the body will decompose sooner or
later.

structure and function. The resuscitation period of skeletal
muscles under normothermia lasts for perhaps 2–3 hours,
whereas the supravital electrical excitability of skeletal muscles
may be preserved for up to 20 hours postmortem. Some of the
supravital reactions are of great practical importance in forensic medicine since they can easily be examined at the scene of
death and may provide immediate results regarding the time
elapsed since death: these are the mechanical and electrical
excitability of skeletal muscle and the pharmacological excitability of the iris.

7.1.1 Supravitality

Mechanical excitability of muscle

In most cases, irreversible circulatory or respiratory arrest is the
main criterion for death. However, metabolism of tissue does
not cease immediately after death but continues for a number
of hours. The main energy-producing metabolic processes in
the early postmortem period are the creatine-kinase reaction
followed by anaerobic glycolysis. During this period of intermediary life, supravital reactions can be examined and are
defined as reactions of tissue on postmortem excitation. The
duration of the supravital period is much longer than that of
the resuscitation period, as known from physiology and experimental surgery (Fig. 7.1). The resuscitation period is defined as
the time of global ischaemia following the time when the ability
to recover expires; the supravital period also covers the period
hereafter, characterised by increasing irreversible damage of

The mechanical excitability of skeletal muscle is examined by
rigorously hitting a muscle with the back of a heavy knife or
chisel, for example the biceps brachii muscle at a perpendicular
direction to the longitudinal arm axis. Other muscles can be
examined as well, but reference values for estimating the time
since death are available only for the biceps brachii muscles.
There are three reaction patterns of the muscles depending on
the duration of the postmortem interval (Fig. 7.2):
1. In the first phase, mechanical excitation of the muscle
reveals a contraction of the whole muscle (propagated excitation). This first phase of idiomuscular contraction is
identical to Zsako’s muscle phenomenon. The first degree
of idiomuscular contraction, a propagated excitation, can
be observed up to 2 hpm (hours postmortem).

Handbook of Forensic Medicine, First Edition. Edited by Burkhard Madea.
© 2014 John Wiley & Sons, Ltd. Published 2014 by John Wiley & Sons, Ltd.
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Figure 7.2 Three phases of idiomuscular contraction after
mechanical excitation of the muscle; frequency of a positive
reaction (y axis) over the postmortem interval (x axis); hpm,
hours postmortem. After Dotzauer (1958), © Springer.

Time

Figure 7.1 Duration of the supravital period (bottom) compared
to the resuscitation period (top). The supravital period after
irreversible circulatory arrest exceeds the duration of the
resuscitation period after transient ischaemia by far. After
Madea (2007), © Springer.

2. In the second phase, a strong and typically reversible idiomuscular pad develops. This phase may be seen as long as
5 hpm (Fig. 7.3).
3. In the last phase, a weak idiomuscular pad develops
which may persist over a longer period of time (up to
24 hours). This weak idiomuscular pad can be seen in a
time interval up to 12 hpm. If the idiomuscular pad is not
visible it should be palpated for, otherwise skin incisions
may be necessary to demonstrate the presence of an idiomuscular pad.

Electrical excitability of skeletal muscle
Initial investigations on the electrical excitability of skeletal
muscles were carried out at the end of the 18th and the beginning of the 19th century, and electrical excitability was recommended as one method for estimating the time since death.
Meanwhile, extensive investigations have been carried out using
techniques to objectify muscular contraction. However, for
practical purposes, most investigations on postmortem electrical excitability of skeletal muscle are based on verbal descriptions and subjective grading of the muscular response to
excitation – the muscular contraction – according to the following criteria:

Figure 7.3 Typical idiomuscular pad of the biceps brachii
muscle. Courtesy of Professor G. Dotzauer.

1. The strength of contraction.
2. The spread of movement to areas distant from the
electrodes.
In the early postmortem interval, excitation leads to strong
contractions of muscles and the excitation will spread to
muscles distant from the electrodes while with an increasing
postmortem interval the contraction will become weaker and
the muscular response will be confined to the place of excitation. This reaction pattern can be seen in most muscles. In the
final phase, only a fascicular twitching or movement of the
electrodes will be visible. The most extensive investigations
have been carried out for the orbicularis oculi muscles since
movements of these muscles are easily visible. For the orbicularis oculi muscles, puncture electrodes are inserted at a distance of 15–20 mm into the nasal part of the upper eyelid and
5–7 mm deep; for the mouth, puncture electrodes are placed on
both sides 10 mm away from the angles of the mouth (Fig. 7.4).
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Figure 7.4 Position of electrodes for examining electrical
excitability of facial muscles.

The muscular response is graded into six degrees (I–VI). In the
very early postmortem interval (degree VI), the whole ipsilateral muscle will contract, in degree V only upper and lower
eyelid and forehead will show a reaction, and with an increasing
postmortem interval the reaction will be confined to the place
of excitation (Fig. 7.5, Table 7.1).
For stimulation, a small square wave generator producing
constant current rectangular impulses of 30 mA and 10 ms
duration with a repetition rate of 50 ms is used (Fig. 7.6).
Together with grading mean values, the 95% limits of confidence for the different degrees of reaction are presented in
Fig. 7.5.
The 95% limits of confidence for the six degrees of electrical
excitability of the orbicularis oculi muscle have been proven to
be reliable on randomly selected case material and also in field
studies. However, in cases showing haematoma or emphysema
of the eyelid, electrical excitability may last much longer than
corresponding upper 95% limits of confidence for the particular degree (see Table 7.1, last column). The same can be seen in
cases of hypothermia. Alternatively, in cases of long-lasting diseases with long terminal episodes, the duration of electrical
excitability is shorter than in cases of sudden death due to the

13.5 t 8.5 h

I

10.5 t 5.5 h

II

8.25 t 4.75 h

III

5.5 t 2.5 h

IV

4.5 t 2.5 h

V

3.5 t 2.5 h

VI

Figure 7.5 Six degrees of positive reaction after stimulation of the orbicularis oculi muscle (see also Table 7.1).

78

PART II   MEDICAL ASPECTS OF DEATH

Table 7.1 Upper and lower confidence limits for the six degrees of electrical excitability in hours in different random samples: forensic
pathology, clinical pathology and emphysema and haematoma of the eyelid.
Degree

Forensic pathology

Clinical pathology

I

Local upper eyelid

5–22

3–16

II

1/3–2/3 upper eyelid

5–16

0–16

III

Whole upper eyelid

IV

3.5–13

1.5–9

Upper and lower eyelid

3–8

1–7

V

Upper and lower eyelid + forehead

2–7

1–7

VI

Upper and lower eyelid + forehead + cheek

1–6

1–6

Haematoma/emphysema of the eyelid
29: traumatic emphysema
27.3–52: postmortem emphysema
32: traumatic haematoma

Table 7.2 Postmortem excitability of the iris after the injection of
different drugs.
Concentration
(%)

Postmortem
excitability (h)

Norepinephrine/
epinephrine

1

14–46

Tropicamide

0.25

5–30

Atropine/cyclopentolate

1/0.5

3–10

Drug
Mydriatics

Miotics
Acetylcholine

Figure 7.6 Square wave generator for defined stimulation of
facial muscles enabling the procurement of the data in Table 7.1
and Fig. 7.7. Producer and supplier: http://j-peschke
.homepage.t-online.de (last accessed 17 April 2013).

glycogen responsible for the reaction being already depleted
during the lifetime.
Other muscles can be examined as well, and reliable reference data are available, for example for the orbicularis oris
muscle. The muscles of the thenar or hypothenar may react on
electrical stimulation up to about 11 hours postmortem.

Pharmacological excitability of the iris
Compared to skeletal muscles, the smooth iris muscle is irritable to electrical and pharmacological stimulation for a much
longer period of time. In some cases, excitability on subconjunctival injection of noradrenaline or acetylcholine may be
observed up to 46 hpm (Table 7.2). For practical purposes, the
pharmacological excitability of the iris following subconjunctival injection of drugs can be recommended, but the drugs
should not be injected into the anterior eye chamber. The starting diameter of the pupil has to be recorded prior to injection
using a transparent multidiameter scale. About 0.5 mL solution

5

14–46

of either noradrenaline, tropicamide, atropine or acetylcholine
should be injected. A positive reaction can be seen within 5–30
minutes with the diameter of the pupil becoming greater (atropine, tropicamide, noradrenaline) or smaller (acetylcholine).
The duration of the reaction lasts at least for 1 hour. If no
change is visible after this time, the reaction is negative (Table
7.2). It is sufficient to examine the pharmacological excitability
of the iris just with one drug since examining a double reaction
after injection of a mydriatricum at first instance followed by a
mioticum does not provide further information on the time
elapsed since death.
Further supravital reactions are the reagibility of the sweat
glands on the injection of drugs, sperm motility, vitality of
leucocytes, DNA incorporation and postmortem blood clotting. However, these supravital reactions have not gained any
practical relevance in forensic medicine.

Postmortem lividity
After irreversible circulatory arrest, postmortem lividity develops as the earliest and therefore initial postmortem change.
Following circulatory arrest, the hydrostatic pressure becomes
the leading force within the parallelogram of forces consisting
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of blood pressure, structural barriers, tissue turgor and pressure
of underlying surfaces. Hypostasis means the movement of
bodily fluids according to gravity. All fluid compartments are
involved in hypostasis, not only the intravascular but transcellular fluids as well. Influenced by gravity, blood is sinking into
the lowest parts within the vascular system of the body, in a
supine position towards the back, the buttocks, thighs, calves
and back of the neck. Irregular pink patches in the face, especially over the cheeks in the agonal period are caused by local
stasis and are called ‘Kirchhofrosen’ (Table 7.3). Postmortem
lividity visible on the skin is a result of the sinking of blood into
the capillaries of the corium. Postmortem lividity may be visible

within 20–30 minutes after death, in the early stages as pink
patches which are regularly and gradually confluent with an
increasing postmortem interval. Due to consumption of
oxygen, the pink colour of lividity changes to dark pink or
bluish (Fig. 7.7a).
In the areas of deep hypostasis, cutaneous petechial haemorrhages due to capillary ruptures may develop, called vibices
(Fig. 7.7b). Of diagnostic and criminalistic relevance is not only
the development but also the colour of lividity, its distribution
over the body and the phenomena fixation (disappearance after
turning the body) and disappearance (blanching) on blunt
thumb pressure.

Table 7.3 Lividity: causes, consequences and phenomena checked on the body.
Cause

Consequences

Phenomenon

Decrease of intensity of
myocardial contraction

→

Stasis

→

‘Kirchhofrosen’, local stasis with patchy discoloration during
the agonal period due to centralisation of the circulation

Cardiac arrest,
hydrostatic pressure

→

Hypostasis

→

Livores with a ‘shifting’ quality and ‘disappearance on
pressure’

Vascular permeability

→

Haemoconcentration

→

Decrease of shifting and disappearance on pressure

Autolysis, putrefaction

→

Diffusion of haemoglobin

→

No shifting, no disappearance on pressure

(a)

(c)

(b)

(d)

(e)

(f)

Figure 7.7 Postmortem lividity. (a) Postmortem lividity in a supine position, pink colour due to storage in a refrigerator. (b) Petechiallike haemorrhages due to capillary ruptures in areas of deep hypostasis (vibices). (c) Zonal segmentation of hypostasis: partly dark
blue, partly red. (d) Brownish colour of hypostasis in case of methaemoglobin intoxication. (e) Patterned hypostasis of the back due to
the underground. (f) Complete disappearance of lividity on light blunt pressure.
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Table 7.4 Postmortem lividity discoloration. After Spitz and Fischer (1993).
Aetiology

Colour

Mechanism

Normal

Blue-purplish

Venous blood

Carbon monoxide

Pink, cherry-red

Carboxyhaemoglobin

Cyanide

Pink, cherry-red

Excessively oxygenated blood due to inhibition of cytochrome oxidase

Fluoroacetate

Pink, cherry-red

Same as above

Refrigeration/hypothermia

Pink, cherry-red

Oxygen retention in cutaneous blood by cold air
Left shifting of the haemoglobin oxygen dissociation curve

Sodium chloride/nitrite, nitrate

Brown

Methaemoglobin

Hydrogen sulphide

Green

Sulphaemoglobin

In case of intoxication by carbon monoxide and cyanides,
the colour of hypostasis usually appears cherry pinkish, with
methaemoglobin intoxication appearing brownish (Table 7.4,
Fig. 7.7d). Due to the lack of dissociation of oxyhaemoglobin,
a bright pink colour of lividity may be seen in hypothermia
as well. If a body is transferred from a cold environment into
normal room temperature, a typical zonal segmentation of
hypostasis may be seen with the colour being dark blue in the
rewarmed areas (Fig. 7.7c).
Of predominant criminalistic significance regarding lividity
are the phenomena of ‘disappearance on pressure and disappearance after turning the body’. In the early stage, lividity will
completely disappear on soft thumb pressure. With an increasing postmortem interval, this pressure must increase as well.
Later, the lividity will disappear only incompletely on blunt
pressure and finally, it will not disappear at all.
If the body is turned in the early postmortem interval, some
or all of the hypostasis may move down to the most low-lying
areas according to gravity. In a comparatively later postmortem
interval, only some of the hypostasis will slip down to the new
low-lying area and only a faint blanching of the lividity will be
noted in the former low-lying area (Fig. 7.8).
With increasing postmortem interval, disappearance on
thumb pressure and relocation after shifting decreases and then
ceases completely. This effect is caused by an increasing haemoconcentration of intravascular erythrocytes due to transcapillar
extravasation of plasma. The intravascular haemoconcentration
is the main reason for the disappearance gradually decreasing
on thumb pressure and after shifting. In a comparatively later
postmortem interval, haemolysis and haemoglobin diffusion
into the perivasal tissue start, but this only becomes a secondary
mechanism contributing to the fixation of hypostasis.
Elements of hypostasis that change with an increasing postmortem time interval are:
1. Confluence, maximum, disappearance on thumb pressure.
2. Complete or incomplete disappearance after shifting.
Longitudinal studies of these criteria in large random
samples are lacking and cross-sectional studies are of limited
value only. The best statistical data available are summarised by

Up to 6 hpm
complete
shifting

6–12 hpm
incomplete
shifting

Over 12 hpm
no shifting

Figure 7.8 Shifting of lividity after turning the body. hpm, hours
postmortem. After Patscheider and Hartmann (1993).

Mallach (1964), who calculated mean values, standard deviations and 95% limits of confidence based on a number of
textbook reports (Table 7.5). Since better data are lacking, these
data are still undisputed. However, these data do not represent
absolute threshold values. Investigations using a quantitative
measurement of livor mortis have not yet gained practical
importance.

7.1.2 Stages of postmortem lividity
1. Beginning of lividity is stated if mottled patches at lower
parts of the body (for instance over the neck in a supine
position) are observed.
2. Confluence is stated if separate areas of discoloration of
moderate intensity are noted.
3. Maximum can be stated if during the death scene investigation and autopsy hypostasis did not increase.
4. The criterion thumb pressure is positive if lividity disappears completely on soft thumb pressure.
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Table 7.5 Time course of different criteria of lividity according to calculations by Mallach (1964) based on textbook reports.

Criteria of lividity

Mean value
( x) (h)

Standard
deviation (h)

Second standard
deviation (h)

Range of scatter (h)

Lower limit

Lower limit

–

Upper limit

Development

0.75

0.5

2

Confluence

2.5

1

0.75

4.25

Greatest distension
and intensity

9.5

4.5

0.5

5.5

6
10.5

0.25

Upper limit

Number of
quotations used
for calculations

3

17

1

4

5

18.25

3

16

7

–

17.5

1

20

5

–

37.5

10

36

4

5.5

2

6

11

4

24

11

10

30

7

Displacement:
complete on thumb
pressure
incomplete on sharp
pressure (forceps)

17

Displacement after
turning the body:
complete

3.75

incomplete

11

only little pallor

18.5

1

2

4.5

2.25

20

8

2.5

34.5

5. Complete relocation is given when all hypostasis shifts
down to the new dependent areas. This may be observed at
the scene when a body is turned from a face down into a
supine position.
6. In incomplete shifting, hypostasis remains also in the
former dependent areas but shifts as well to a greater or
lesser extent to the new low-lying areas.

7.1.3 Rigor mortis
The second postmortem change and sign of death after lividity
is rigor mortis developing in normal ambient temperatures
about 3–4 hpm following primary flaccidity. Rigor mortis was
misjudged as a sign of death up until the 19th century, although
Shakespeare (Romeo and Juliet, Act IV, Scene 1) described all
the elements of rigor mortis very well as follows:
Each part, deprived of supple government,
shall, stiff and stark and cold, appear like death.
With irreversible circulatory arrest, all muscles of the body will
become completely flaccid due to loss of tone. In the early
postmortem interval, adenosine triphosphate (ATP) can be
resynthesised due to the creatin-kinase reaction and anaerobic
glycolysis. Once the ATP level has fallen below 85% of the initial
value, actin and myosin filaments will contract and subsequently the subjective impression of stiffening of the muscle
will set on (Table 7.6). In practice, development and state of
rigor mortis are proven subjectively by flexing a joint: either the

muscles are flaccid or during development of rigor mortis a
certain degree of resistance may be felt (Fig. 7.9). Once rigor
has fully developed, even a strong investigator cannot flex
or stretch a joint. Biochemical, physiological and mechanical
properties of the rigor (pre- and postrigor) phases are summarised in Table 7.7.
Rigor must not be confused with cold stiffening. When rigor
is present, hypostasis must be present as well, but in cases of
cold stiffening (body core temperature 30–33°C) hypostasis is
usually absent. Development and state of rigor mortis should
be examined not only in one but in several joints (mandibular
joints, fingers, knees, elbows) to get an impression if it is still
in progression or has already reached is maximum. Rigor
mortis does not start simultaneously in all muscles. Nysten’s
rule (1881) that rigor starts in the mandibular joints, then
affects muscles of the trunk, next the lower and finally the
upper extremities applies to most cases of death in a supine
position. However, in cases with glycogen depletion during protracted agony in the lower extremities, rigor will start there.
Resolution of rigor mortis is due to protein degradation
(increase of NH3). Rigor mortis does not start simultaneously
in different fibres of a muscle but successively. This phenomenon can be used for a rough estimation of the time since death
as well. If some fibres have already become stiff, this stiffness
can be broken by flexing a joint; rigor may now develop in
other, not yet stiffened fibres. Dependent on the time when
stiffness was broken, rigor may develop again on a higher or
lower level unless it was already fully developed (Fig. 7.10). This
phenomenon of re-establishment of rigor mortis may be
observed up to 8 hpm, and in rare cases up to 12 hpm.
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Table 7.6 Overview of the biochemical, mechanical, morphological and physiological bases of rigor mortis.
Delay period

Establishment of rigor

Rigor phase

Postrigor phase, secondary
flaccidity

Biochemistry

ATP level: 0.435 ± 0.555 mg/g
muscle

ATP level decreased to
less than 85% of the
original value

–

NH3 ↑

Mechanics

–

Stiffness ↑, plasticity
firstly increased, then
reduced; contraction
of loaded muscle

–

Spontaneous elongation of
the loaded muscle;
plasticity ↑

Morphology

–

Appearance of fine
transverse striations
(bridging between A
and I filaments) with
a periodicity of 400 Å

Swelling and destruction
of mitochondria and
the sarcoplasmic
reticulum

Irreversible elongation of
muscle; decoupling of
myofilaments,
disintegration of structure

Physiology

Exponential decrease of
membrane potential: above
–55 mV propagated excitation
possible; below this level up
to –30 mV only local
concentration on excitation

–

–

–

ATP, adenosine triphosphate.

(a)

(b)

Figure 7.9 Due to rigor mortis the lower leg is fixed against gravity (a). Objects in the hand such as branches must not be mixed-up
with instantaneous rigor mortis or cadaveric spasm (b).

Table 7.7 Time course of different criteria of rigor mortis according to calculations by Mallach (1964) based on textbook reports.

Criteria of rigor
Beginning

Average postmortem ±
standard deviation (h)
3±2

Range of scatter (second
standard deviation) (h)
Lower limit
–

Upper limit
7

Number of quotations used
for calculations
26

Maximum

8±1

6

10

28

Duration

57 ± 14

29

85

27

Complete resolution

76 ± 32

12

140

27

Secondary flaccidity may become apparent in normal
ambient temperature after 2 days. In lower ambient temperatures, a fully developed rigor mortis may be preserved for 2
weeks and even longer.
Cadaveric rigidity, cataleptic spasm or instantaneous rigor
stand for phenomena always being mentioned in textbooks but

which are non-existent in practice. None of the cases reported
in the literature stands up to criticism.
Rigor mortis is not only established in skeletal muscles but
also in smooth muscle, for example of the skin. Rigidity of the
smooth musculi arrectores pilorum can be seen as gooseflesh
(cutis anserina; Fig. 7.11).
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Figure 7.10 Re-establishment of rigor mortis after breaking. If
rigor is broken during the development of rigor mortis (at D or
E), it will re-establish at a lower level (at D1 or E1). If rigor is
broken (e.g. at F) after it has fully developed (B) it will not
re-establish at all. After Madea (2007), © Springer.
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published. Devices for an objective measurement of rigor
mortis have also been developed but have not yet gained practical importance.
The best available data despite all the justified criticism
originate again from Mallach (1964), based on his literature
compilation (1811–1969) with statistical analyses (Table 7.7).
These values again cannot claim to be absolute limit values. As
lividity, rigor mortis can only provide a rough estimate and no
greater accuracy can be expected. It should never be examined
solely.
Rigor is examined by flexing or stretching joints. Beginning
can be stated if a slight rigor can be observed in some joints.
Complete development or maximum means that it has
strongly developed in all joints.
Re-establishment can be stated if rigor is found again in a
joint (mostly elbow) some time (hours) after breaking it. Mostly
rigor is broken during death scene investigation and examined
again at autopsy.

7.1.4 Algor mortis
Temperature of corpse

Figure 7.11 Gooseflesh of the right forearm due to rigidity of the
smooth musculi arrectores pilorum.

Development, duration and resolution of rigor mortis are
dependent on the amount of glycogen in the muscles at the
moment of death, ambient temperatures, and so on. Therefore
rigor may develop very fast in people who die during or soon
after physical exertion or exhaustion or from electrocution. All
of the criteria mentioned above concerning rigor mortis (development, re-establishment, full development, duration and
resolution) are time dependent. This is evident from one of the
rare studies on rigor mortis of the 19th century. Niderkorn
(1872), who determined the times neccessary for the completion of rigor mortis in 113 bodies found it fully established after
4–7 hours in 76 corpses (67%). In two cases, rigidity was complete within 2 hpm, and in two others within 13 hpm.
However, there is a wide range of interindividual variability
which is due to endogenous and exogenous factors. Longitudinal studies on large random samples are lacking; however,
results of animal experiments taking into account various
factors influencing the time course of rigor mortis have been

Body temperatures are of practical medicolegal interest for the
following tasks:
1. Determination of the time since death.
2. Diagnosis of hyperthermia/hypothermia as cause of/
contributing to death.
Both these tasks depend on each other. Hyperthermia or hypothermia derived from body temperature can only be diagnosed
in very rare cases. Preconditions are, for example, a known time
period since death or reliable information concerning ambient
temperature after death. Alternatively, estimations of the time
since death derived from body temperatures have to take into
account the possibility of hyperthermia/hypothermia at the
time of death.

Basic principles for body temperature
after death
1. Heat production after death is low and is mainly due to
anaerobic glycolysis. Anaerobic glycolysis stops within a
few hours after death with the degradation of the body’s
glycogen/glucose to lactic acid. Subsequently, the heat production is low too. The cooling of a body is decelerated by
postmortem heat production only within the first hours
postmortem and only to a minor degree; interindividual
differences due to varying glycogen levels have to be taken
into account. The liver must be seen as an exception since
liver temperatures are usually higher than other central
core temperatures.
Lundquist (1956) calculated roughly: heat release is approximately 0.4 kcal/g glycogen. Glycogen of the body 350 g is thus
approximately 140/587 kcal/kJ heat. Thus, this amount of heat
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currently released would lead to a current increase in temperature of approximately 2.5°C based on a mean specific heat of
0.8 kcal/kg. Roughly estimated, this amount of heat could
explain about one in six of the postmortem temperature
plateaux.
2. In cases of non-stationary heat conduction, the cooling rate
is proportional to the temperature guide number of the
body tissue. The temperature guide number is the quotient
of heat conductivity and specific heat capacity. The temperature guide numbers of biological tissues are three
decimal powers lower compared to good heat conductors.
Although the heat conductivity of fatty tissue is significantly lower than that of muscle tissue it also has a low heat
capacity. Temperature guide numbers of fat and muscle
tissues have a ratio of 1 : 1.3. Therefore, the assumption that
bodies with much adipose tissue probably cool down much
slower than those with smaller fat depots is not true.
3. Convective heat transport within the body stops with irreversible circulatory arrest. Heat exchange is then mainly
based on conduction. The conductive heat transport within
the body is mainly due to temperature differences of neighbouring tissue layers. Since the heat conductivity of body
tissues is rather low, the conductive heat transport within
the body proceeds slowly.
From these physical facts the following conclusions can be
derived:
4. In case of temperature differences between core and surface
of the body, or body surface and surrounding temperature,
heat transport basically proceeds radially, from the body
core to the surface (cooling) or the other way round
(warming-up).
5. The cooling (or warming-up) process begins with a significant increase of temperature differences within the body
in a radial direction (core–surface). This increase is caused
by temperature differences between surrounding and
surface temperature. These differences cause either heat
dissipation from the warmer surface to the cooler surrounding or, vice versa, heat absorption by the cooler surfaces from the warmer surroundings. This heat dissipation
or absorption results in a reduction or an increase of the
temperatures of the most superficial tissue layers. Thus, a
temperature difference to the adjacent and deeper tissue
layers develops and causes heat transport in the direction
of the temperature gradient. This process proceeds slowly
until the deep tissue layers of the axial centre are affected
by temperature reduction or increase. A visible sign of this
process is the postmortem temperature plateaux of cooling
curves that are located far away from surfaces. Since the
local temperature within the body or parts of a body vary
widely at the moment of death, an exact local definition of
the site of measurement is necessary. The temperature
which is taken at a certain postmortem time at one site
under defined cooling conditions depends on the radius
of the part of the body and the radial depth of the measuring site.

6. The postmortem temperature plateau is mainly determined physically (point 5) and is only slightly intensified
by postmortem heat production (point 1). The duration of
the temperature plateau depends on the same influencing
factors as the body cooling in the pure exponential cooling
phase following the plateau. These influencing factors are:
radius of the body part, radial position of the measuring
site and cooling condition. The temperature plateau is the
shorter, the steeper the curve drops away.
Central cooling curves of cooling dummies which are used
to simulate rare cooling conditions and warmed up to 37°C
also show a postmortem temperature plateau. The postmortem
temperature plateau causes the sigmoidal shape of the cooling
curve of any central axial site of measurement. This sigmoidal
shape is a combination of the postmortem temperature plateau
and the following single exponential cooling curve according
to Newton’s law of cooling.
7. The mechanisms of heat dissipation of the living must not
be transferred to those of bodies. This is due to points 1
and 3 as well as the missing insensible evaporation of the
body.
8. Postmortem body cooling is due to the following factors:
conduction, convection, radiation and water evaporation.
Heat dissipation by water evaporation has the lowest significance. Conduction may play a major role in those
parts of the body lying on a surface, convection at those
parts of the body which are not lying on a surface. Only
a very small part of body cooling is caused by radiation
since the temperature of the body surface decreases rap
idly towards the environmental temperature. For practical
purposes it is very important to examine the body at the
scene, and especially to evaluate if there are any thermal
interactions between temperature measuring site and surroundings regarding conduction, convection and radiation. Sources of radiation in the environment of a body
– sun, radiator, oven, lamps with intensive heat radiation,
walls with significant lower or higher temperature than the
environmental media (air, water) – as well as forced convection (wind, water drift) or special supporting bases
(metal plates, concrete in groundwater level) have an
important impact on the cooling velocity, especially of
unclothed bodies.
The rate of cooling depends on various conditions and can
be altered by several factors:
• Ambient conditions (temperature, wind, rain, humidity).
• Weight of the body, mass/surface area ratio.
• Posture of the body (extended or thighs flexed on the
abdomen).
• Clothing/covering.
Different temperature probe sites were used (surface skin temperature, axilla, liver, rectum, brain temperature), but for practical purposes only central core temperatures (rectum, brain)
are of value. Body cooling does not follow Newton’s law of
cooling. Already early authors in the 19th century were using
rectal temperatures and describing a lag time; the postmortem
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Postmortal
temperature
plateau

Temperature (°C)

T0

T0–Ta

ematical expression is valid for all central axial temperatures
and represents the ultimate success in modelling body cooling
for the purposes of estimating the time since death. The exponential term with the constant B expresses the exponential drop
of temperature following the plateau according to Newton’s law
of cooling; the term with the constant A as part of the exponent
describes the postmortem temperature plateau.
The experimental work which led to the identification of
these constants is outlined in several original papers and two
monographs by Henssge and Madea (1988) and Henssge et al.
(2002) which are referred to here. Empirically, it was found that
the individual value of B can be computed under chosen standard conditions of cooling by:
B = −1.2815(bw − 0,625 ) + 0.0284

Tr–Ta

Ta
Time (hpm)
Figure 7.12 Sigmoidal shape of the cooling curve which is best
described by Marshall and Hoare’s (1962) two-exponential term.
The quotient (Tr − Ta)/(T0 − Ta) is a good measure of the progress
of cooling. If this quotient Q is <0.3, only a minimum interval for
the time since death should be given. T0 = rectal temperature at
death (T = 0), Tr = rectal temperature at any time, Ta = ambient
temperature. hpm, hours postmortem.

temperature plateau, before an exponential body cooling
according to Newton’s law commences (Fig. 7.12).
The temperature plateau is because central axial temperatures cannot begin to decrease until a heat gradient is set up
between the core of the body and its surface. This delay is variable and may last for some hours (point 6).
A mathematical expression of the rectal cooling after death
was published by Marshall and Hoare (1962), taking into
account the whole sigmoidal shape of the cooling curve. Marshall and Hoare performed body cooling experiments under
‘standard conditions of cooling’ which are defined as a ‘naked
body with dry surfaces, lying extended on a thermically indifferent base, in still air’. Their mathematical model of body
cooling is expressed in a two-exponential term:
Q=
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Tr − Ta
To − Ta

A × exp(B × t ) + (1 − A) × exp

( A × B)
×t
A −1

where Q = standardised temperature; Tr = rectal temperature at
any time t; To = rectal temperature at death (t = 0); Ta = ambient
temperature; A = constant; B = constant; and t = time of death.
The second exponential term is subtracted from Newton’s
exponential term taking into account that the temperature
plateau is from 0 increasing temperature decrease. This math-

where bw is body mass. This reflects that the body cooling following the temperature plateau is mainly influenced by the
body mass.
Values for the constant A could empirically be identified
from the material studied under standard conditions and from
the material of De Saram and Webster:
• A is 1.25 for ambient temperatures up to 23°C.
• 1.11 for ambient temperatures above 23°C.
The temperature at the time of death, To, is the third constant
of Marshall and Hoare’s formula. For this constant the value of
37.2°C is used.
With this empirical solution of Marshall and Hoare’s formula,
the time since death can either be computed according to:
Q=

Tr − Ta
= 1.25 × exp(B × t ) − 0.25 × exp(5 × B × t )
37.2 − Ta

(for ambient temperatures up to 23°C); or
Q=

Tr − Ta
= 1.11 × exp(B × t ) − 0.11 × exp(10 × B × t )
37.2 − Ta

(for ambient temperatures over 23°C) using computer programs (e.g. www.amasoft.de) or using a nomogram (Figs 7.13
and 7.14).
The nomogram is valid for the chosen standard conditions
of cooling (unclothed body with a dry surface, lying extended
on a thermally indifferent base in still air). Conditions which
accelerate or delay body cooling compared to standard conditions (lying in water, wind on the one hand, clothing/covering
on the other) reduce or increase the real body mass. Extensive
cooling experiments under varying cooling conditions led to
empirically found corrective factors for the body mass (Tables
7.8a and 7.8b). With these corrective factors the nomogram can
also be used for non-standard cases. The corrective factors
themselves are dependent from the body mass (Table 7.9) for
cases of a low and high body mass under higher thermic insulation conditions. Higher body masses require lower factors and,
vice versa, lower masses require higher factors. The nomogram
can also be used in the case of a sudden change of ambient
temperatures.
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Premissible variation of 95% (th)

Rectum °C

Ambient °C

Kilogram

Result: about 13.5 hpm t2.8 h (95%)

Figure 7.13 Temperature–time of death nomogram for ambient temperatures up to 23°C. At the scene of death, for instance, a rectal
temperature of 27°C at an ambient temperature of 15°C were measured. Firstly, the point of the scale of the measured rectal
temperature and ambient temperature have to be connected by a straight line (yellow) which crosses the diagonal of the nomogram at
a specific point. Secondly, a second straight line has to be drawn passing through the centre of the circle (below left of the nomogram)
and the intersection of the first line and the diagonal (red line). The second line crosses the semicircles for different body masses. The
time since death (in this case for 70 kg body mass) can be read at the intersection of the semi-circle of the given body mass. The
intersection gives the mean time since death, the intersection with the outer circle the 95% limits of confidence, which may be higher
if corrective factors have to be used.

Application of the nomogram method
in casework
1. Inspection of the scene of death. Body posture, clothing,
covering, sunshine on the body, windows (closed, opened:
when?), radiators, floor (thermally indifferent?):
a. measurement of ambient temperature (air) close to
the body and at the same level (10–20 cm above the
ground/floor); measurement of the temperature of the

underlying surface as well. Have any changes of thermic
conditions been made since the body was found (e.g.
doors or windows opened/closed)?
b. measurement of the deep rectal temperature at the
scene using an officially calibrated electronic thermometer with probes for measuring air, surface
and rectal temperatures. The deep rectal tempera
ture must be at least measured 8 cm above the anal
sphincter.
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Premissible variation of 95% (th)

Rectum °C

Ambient °C

Kilogram

Figure 7.14 Temperature–time of death nomogram for ambient temperatures above 23°C.

2. Estimation of the body mass. At autopsy, check whether the
estimate was correct.
3. Evaluation of the corrective factor. Are there any conditions
which may accelerate or delay cooling compared to standard conditions? Relevant for rectal temperature are thermic
conditions of the lower trunk only:
a. clothing/covering;
b. still or moving air;
c. type of supporting base.
In cases of strong insulation conditions and very high or
low body mass, the corrective factor has to be adapted to
the body mass.
4. Use of the nomogram. Connect the points on the scales for
rectal and ambient temperatures by a straight line. This line
crosses the diagonal at a particular point (intersection).

Draw a second straight line going through the centre of the
circle, below left on the nomogram and the intersection of
the first line and the diagonal. The second line crosses
the semicircles which represent the different body masses.
At the intersection of the semicircle with the body mass,
the time of death can be read. The second line touches a
segment of the outermost semicircle. Here, the permissible
variation of 95% can be seen for standard cases or cases
using corrective factors. If ambient temperature or corrective factors are in question, the procedure has to be repeated
with other appropriate values. If the chosen ranges of
ambient temperature and corrective factors are rather wide,
it is recommended to give two values of time: the shortest
possible time resulting from the combined lower limits of
the evaluated ranges of body mass, ambient temperature
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Table 7.8(a) Empirical corrective factors (c.f.) for body weights. The listed values of c.f. apply to bodies of average weight (reference:
70 kg); in an extended position on a thermally indifferent supporting base. ‘Thermally indifferent’ supporting bases are, for
example usual floors of rooms, dry soil, lawn or asphalt. In comparison, bases which appear more thermically insulating
than heat conducting should additionally be taken into account.
Dry clothing/covering

In air

Corrective factora

Wet through clothing/
covering wet body surface

0.35

Naked

Flowing

0.5

Naked

Still

0.7

Naked

Moving

0.7

1–2 thin layers

Moving

2 or more thicker layers

Moving

In air

Naked

Moving

0.75

1–2 thin layers

Moving

0.9

Naked

Still

1.0

1–2 thin layers

Still

1.1

2 thicker layers

Still

1.2

More than 2 thicker layers

Still

2–3 thin layers
1–2 thicker layers

Moving or still

1.2

3–4 thin layers

Moving or still

1.3

More thin/thicker layers

Without effect

1.4

Thick blanket
Thick blanket + clothing

In water

1.8
2.4
2.8

a

Excessively thickly upholstered grounds require a c.f. of 1.3 for naked bodies. In cases of clothed bodies, the c.f. should be increased by 0.1 units (thickly
clothed) to 0.3 units (thinly clothed). Insulating but not excessively thickly upholstered bases such as a mattress (bed) or thick carpet require c.f. of 1.1–1.2
for naked bodies. Bases that accelerate cooling, e.g. concrete, stony or tiled bases on the ground, require c.f. up to 0.75 for naked bodies. In cases of
clothed bodies lying on bases, c.f. should be reduced by 0.1 unit (thicker clothes) or by 0.2 units (very thin clothes) (see Table 7.8b).

Table 7.8(b) The influence of the kind of supporting base on the corrective factor (c.f.) can be summarised as follows.
Clothing?

‘Thermally indifferent’
(see Table 7.8a)

Usual floor of rooms, dry soil, lawn,
asphalt

Yes
No

Insulating

Excessively thickly upholstered

Thick
Thin
No

+0.1
+0.3
1.3

Mattress (bed), thick carpet

Yes
No

+0.1
1.1–1.2

Concrete, stony, tiled

Thick
Very thin
No

–0.1
–0.2
–0.75

Accelerating

a

c.f.a

Supporting base

Special cooling conditions:
• Rectal temperatures taken after transport of the body in a wooden coffin: c.f. 1.1–1.3.
• Body recovered from cupboard or boot: c.f. 1.
• Body on leaves (2 cm thick).
• Wet leaves: c.f. 1.
• Dry leaves: c.f. 1.3–1.5.
• Additionally covered by leaves (10 cm thick) c.f. 1.8–2.7.

Feather mattress

Clothing + bedspread

Bedspread

Clothing, more layers

Cooling conditions

8.1
9.8

10.9

6.6

8.8

5.3

4.3

4.5

7.1

3.4

3.5

5.7

2.7

2.1

2.1

2.7

1.6

6

1.6

4

8.9

7.5

6.2

5.0

4.1

3.3

2.6

2.0

1.6

8

Real body weight (kg)

8.3

7.0

5.8

4.8

3.9

3.2

2.5

2.0

1.6

10

6.2

5.5

4.7

4.0

3.4

2.8

2.3

1.9

1.5

20

5.1

4.6

4.0

3.5

3.0

2.6

2.2

1.8

30

Table 7.9 Chart of the dependence of corrective factors on body weight.

4.3

3.9

3.6

3.2

2.8

2.4

2.1

40

3.8

3.5

3.2

2.9

2.6

2.3

2.0

50
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and corrective factor, and the longest possible time resulting from the upper limits of body mass, ambient temperature and corrective factor.
The range of possible time of death can be seen in this way.
If the rectal temperature has nearly reached the ambient
temperature (Q < 0.2), very large errors can be obtained. Therefore the method should no longer be used.
For temperatures above 23°C another nomogram developed
based on the data of De Saram et al. (1955) must be used (Fig.
7.15). The difference between this nomogram and that for temperatures up to 23°C is due only to the relative lengths of the
postmortem temperature plateau: it is shorter in higher ambient
temperatures. Requirements for use include:
1. No strong radiation (e.g. sun, heater, cooling system).
2. No strong fever or general hypothermia.
3. Place of death must be the scene where the body was found.
4. No uncertain severe changes of the cooling conditions in
the period between death and examination.
5. No high thermal conductivity of the surface beneath the
body.
6. No longer terminal period following fatal injury (time
since death may be inconsistent with time of assault).
Meanwhile a multicentre as well as a single-centre study on
the accuracy of the nomogram method compared to the investigations of the police comprising 76 and 72 cases, respectively,
were carried out. These are two of the very rare field studies on
the accuracy of the proposed methods. Both studies covered a
wide range of ambient temperatures, body masses and corrective factors. The estimated period did not contradict the investigated period in any of the cases. Especially in the earlier stages,
investigations of the police can be supported effectively by the
method.
Cooling conditions can be simulated using cooling dummies.
For further information see references.
From all methods developed to estimate the time since
death, the nomogram method based on the two exponential
term by Marshall and Hoare is by far means the most successful
and reliable because:
1. Actual cooling conditions can be taken into consideration
quantitatively.
2. Data on the precision of the method are available.
3. Field studies have confirmed accuracy and reliability of the
method.

7.1.5 Further postmortem changes
Drying of intact skin and visible mucosa
Skin and mucosa of living people are humid and kept humid
by transudation, secretion of sweat and mechanical humidification by movement of eyelid or tongue. These processes stop
with death. Additionally, hypostasis causes dehydration in epistatic regions of the body. The surface humidity of uncovered
skin and mucosa evaporates rapidly dependent on air move-

Figure 7.15 Triangular dark discoloration of cornea (‘tache
noir’).

ment, humidity and heat. Especially in infants, the mucosae of
the lips and the tongue as well as the tip of the nose, the scrotum
and the large pudendal lips dry quite rapidly. If the eyes are
open, the cornea dries quickly (after 10 minutes), loses its
brightness and becomes cloudy. If the eyes are shut the cornea
becomes cloudy after 24 hours, after 6–7 hours at the earliest.
The eyeball loses its tension due to hypostasis of transcellular
liquids. If the eyes are open, there develop triangular or linear
dryings of the conjunctivae on both sides of the cornea. Such
discolorations – also called ‘tache noir’ – can develop as early
as 1–2 hours postmortem in open eyes. At first the discolorations are yellowish, then yellowish-brownish and finally they
become black (Fig. 7.15).
Shortly, finger pads and acra dry up, with their consistency
becomes more compact and their colour changing to a reddishbrownish tone. The drying process causes contractions of the
finger pads and toe pads, thus it seems as if nails are still
growing. The ‘growing’ of a beard after death is also caused by
the fluid loss of the facial skin. Postmortem dryings also develop
relatively rapidly at locations of epidermis loss due to exudation
or urine maceration. Apart from dryings caused by water evaporation of skin and mucosa, dryings that occur adjacent to skin
abrasions are of significant diagnostic relevance. Dryings occur
– depending on air movement, temperature and humidity – in
all areas with vital or postmortem compression or abrasion
of the epidermis since liquid is more easily released at those
parts of the body. Such dryings develop, for example, after
falls (knee), defibrillation or mechanical impact (strangulation
marks).
Postmortem as well as vital skin abrasions change to brownred, leather-like stiff areas. Of special diagnostic and reconstructive value are dryings that show the shape of a tool that
impacted on the body. Dryings can be prevented by water exposition or humidification of parts of the skin that were scraped
or compressed vitally or postmortem. These postmortem
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factors have to be considered in cases of strangling too. Experimental investigations revealed that the texture of a strangulation tool might not be examined properly if the corpse was kept
in water.

7.2 Later postmortem changes:
decomposition
Burkhard Madea
The early signs of death (postmortem lividity, rigor mortis)
together with the supravital reactions are of great importance
for estimating the time since death. Immediately following the
early signs of death, the later postmortem changes develop,
which cannot strictly be separated from the early ones. Later
postmortem changes do not only lead to the decomposition of
the corpse but in some cases also to its preservation. Endogenous processes resulting in decomposition are autolysis, putrefaction and decay while exogenous factors include animal
predation, exposure to the elements and mechanical injury.
Late postmortem changes may appear in chronological order
in a cadaver as a result of a change in the surrounding conditions. However, if a corpse is exposed to separate environmental
conditions by its position, quite different processes of decay
may occur simultaneously.

7.2.1 Autolysis (self-digestion)
Autolysis is defined as the destruction of tissues and organs by
their own enzymes. As a result of membrane destruction, the
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lysosomes discharge hydrolytic enzymes which are activated by
the low pH value in the cytosol: acid phosphatase, acid ribonuclease, acid desoxyribonuclease, cathepsin, collagenase and
many other enzymes. They play a decisive role in the selfdestruction of cell structures. Organs, such as the pancreas,
which are already rich in enzymes during life, are thus subject
to very quick cell digestion after death; as even more so are the
gastric mucosa and the adrenal medulla. Due to a breakdown
of cell membranes with a postmortem equalisation of the concentration of substances which were unequally distributed in
the different compartments during life, potassium increases
and sodium and chloride concentration decrease in extracellular fluid after death. As a result of anaerobic glycolysis, levels
of lactic acid concentration rise while pH values fall. Substantial
factors in the progression of autolytic changes are the inner
milieu of the cadaver at the time of death and the sourrounding
temperature. As bacteria continuously penetrate the tissues,
autolysis is finally superseded by the process of putrefaction
and decomposition.

7.2.2 Putrefaction
Contrary to autolysis, putrefaction is defined as a ‘heterolytic’
alkaline, colliquative process on a reductive basis caused by
bacteria. This big chemical process is accompanied by both
visual (bloating) and olfactory (foul ammoniacal odours) features due to the generation of gases (hydrogen sulphide, hydrocarbons) and the release of ammonia. Bloating is especially
seen in tissues with low turgor, such as the eyelids, mouth and
tongue, which may become monstrously swollen (Fig. 7.16).
The abdomen may also be extremely bloated due to gas

(b)

(a)
Figure 7.16 (a–c) Bloating of tissues, discoloration and putrefactive blisters of the skin.

(c)
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Box 7.1 Intrinsic and extrinsic factors influencing onset and
extent of postmortem changes. Reproduced with permission
from Tsokos (2005), © Humana.
Acceleration of onset and extent of postmortem changes
• Death occurring in a hot, moist environment/under high
ambient temperatures
• Body surface insulation by warm clothing or other covering
• Considerable time interval elapsed after death until artifactual cooling of the body
• Subject was overweight/had a high fat content
• Subject suffered/died from underlying infection or sepsis
• Subject was intoxicated (e.g. with illicit drugs such as heroin)
• Subject suffered/died from open wounds (perforating/penetrating traumatic injuries, e.g. multiple accidental injuries,
stab wounds, gunshot wounds, impalement injuries) or during
surgical procedures
Deceleration of onset and extent of postmortem changesa
• Death occurred in a cold, dry environment/under low ambient
temperatures
• Subject was scantily dressed/naked/undressed shortly after
death
• Subject was stored in a cooling device (fridge, freezer) shortly
after death
a
These factors slow the speed of postmortem changes but do not in
general alter the underlying postmortem biological processes.

accumulation. The production of gas is the main reason why
drowned bodies float to the surface of water after some time.
There are intrinsic and extrinsic factors influencing onset and
extent of postmortem changes (Box 7.1). As a result of the
build-up of sulphaemoglobin the abdominal wall shows greenish discoloration, beginning in the lower right belly (since
oxygen is required for the build-up of sulphaemoglobin). The
discoloration may then expand to the entire surface of the body.
The spread of bacteria in the veins of the subcutaneous
tissue and haemolysis of red blood cells causes venous marbling
of the skin (Fig. 7.17). A further characteristic of putrefaction
is the formation of putrefaction transudates (accumulation of
fluids leaking out of the dermis with blister formation). During
putrefaction, hair and nails loosen and can easily be dislodged.
In the course of putrefaction, there is finally a liquefaction of
fatty tissues. Due to the breakdown of proteins, biogenic amines
(putrescine, cadaverine, histamine, choline, etc.) may accumulate as well as cadaveric alkaloids, referred to as ptomaines
(‘cadaveric poisons’). However, although ptomaines have muscarinic atropine-like effects they are not ‘toxic’. During bacterial
proteolysis certain amino acids such as Δ-aminovaleric acid or
γ-aminobutyric acid can be found in the brain and liver and
may be used to make a rough estimate of the time elapsed since
death. Further changes arising from gas accumulation are the
formation of so-called ‘foam’ organs as well as discharge of
putrefactive fluids from mouth, nose, anus and genitals. In
pregnant women, the pressure from putrefactive gas may cause
the fetus to be expelled through the genitalia, a phenomenon

Figure 7.17 Venous marbling.

known by the term ‘coffin birth’. The progression of putrefaction even in a constant ambient temperature is so variable that
no conclusion can be drawn as to the time of death (Table 7.10).
Table 7.10 gives only rough indications for the sequence of
putrefactive changes in cadavers exposed above ground at relatively narrow ranges of temperatures (see also Table 7.11). A
rule of thumb which goes back to the Berlin forensic physician
Johann Ludwig Casper (1796–1864), and named Casper’s rule,
says 1 week in air equals 2 weeks in water equals 8 weeks buried
in the ground. Casper’s rule thus refers the decomposition
process to different environmental conditions (air, water, earth),
but does not allow a precise determination of time of death.

Chemistry of putrefaction
Putrefaction is a bacterial process which starts with the normal
microbial flora of the skin and mucous membranes. Of particular importance are streptococci and various types of proteus,
whose flagellant motility enables them to spread quickly over
an organism. Catabolic putrefying processes comprise proteins,
carbohydrates and lipids. Protein breakdowns yield amino
acids which are then either deaminated into their corresponding acids or decarboxilated into analogous amines by which the
end products ammonia and carbon dioxide are created. The
aromatic amino acids phenylalanine, tyrosine and tryptophan
yield p-cresol, phenol, skatoles and indole which have been
identified as main olfactory components of putrefaction. By
anaerobic glycolysis one molecule of glucose yields two molecules of lactic acid. Various bacteria, among them clostridia,
may, through alcohol fermentation, break down monosaccharides into alcohol, so that typical putrefactive alcohols are
created in the cadaver. Lipids are broken down by hydrolases,
esterases and catalases into their components. Even putrefied
bodies may be preserved very well under special circumstances,
especially when they are hermetically submerged or decomposition is interrupted or at least considerably delayed by wrapping the body or parts of the body into plastic bags or vinyl
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Table 7.10 Morphological changes in the putrefaction phase, showing above-ground exposure at 20–24°C (68–75°F) without insect
infestation. This is only a rough indication for the sequence of putrefaction effects in cadavers exposed above ground at a
relatively narrow range of temperature. Numerous variations are possible, depending, for example, on the body’s build, the
underlying surface, coverings and terminal illness (Berg 2004). Reproduced with permission from Berg et al. (1981), C.J.
Bucher München und Luzern.
Indication

Interval after death

Initial greenish discoloration on abdominal skin

1–2 days

Cutaneous venous marbling

2–4 days

Beginning of film-like slippage of the epidermis

5–6 days

Loss of pigmentation in the stratum germinativum

6–8 days

Putrefactive blisters and putrefactive transudates in the body cavities

8–14 days

Putrefactive emphysema in the subcutis

8–14 days

Bloating of abdominal cavities

8–14 days

Diffusion of all fluids, collapse of organs

Usually not until months later

Beginning of mummification with dehydration of soft tissues

Usually not until months later

Table 7.11 Progression of the putrefaction of bodies in air, at a temperature of about 20°C. Reproduced with permission from Naeve in
Madea (2006), © Springer.
Indication

Interval after death

Green discoloration of abdominal wall, softening of eyeballs

After 1–2 days

Dark-green discoloration of great parts of the abdominal wall. Some patchy green discolorations of the skin
of other body regions. Haemorrhagic fluid leaking out from mouth and nostrils. Marbling

After 3–5 days

Whole body surface dark green. Face, neck and thoracic wall partly reddish-green. Bloating of abdomen,
scrotum and face. Fingernails still fixed. Hair loose, beginning to peel

After 8–12 days

Whole body green or reddish-brownish. Bloating of the whole body. Blisters, partly filled with putrefactive
fluid, partly bursting with desiccation of the dermis. Eyes (iris, pupils, sclerae) red-brown discolorated.
Fingernails peeling

After 4–20 days

materials (Fig. 7.18). Experimental investigations of the influence of vinyl materials on postmortem alterations in rabbit and
mice cadavers kept in plastic bags of different air volumes (3 L/5
pints, 1 L/4 pints, no air) at room temperature resulted in a
clearly delayed decomposition of these cadavers stored with the
volume of air within the bag clearly being of greatest importance for the progression of putrefaction.

7.2.3 Decomposition
While putrefaction is a mainly anaerobic bacterial reduction
process, decomposition is dominated by aerobic microbiological processes which may create pungent, rotten odours originating from the metabolic products of oxidation. Decomposition
is a dry, acidic process on an oxidative basis, which leads to the
splitting off of acids (H2CO3, H3PO4, H2SO4). At the beginning
of decomposition also large patches of fungus form on the skin
and mucous membranes (Fig. 7.19).

Figure 7.18 Hands of a homicide victim 2 years after murder.
The body was wrapped into several plastic bags. Although
epidermis is completely lost a dactyloscopic indentification was
possible.
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(a)

(b)

Figure 7.19 (a) Decomposition with patches of fungus on the face. (b) Advanced decomposition after exhumation with fungus patches
on the skin.

Figure 7.20 Advanced skeletonisation of the skull after 1 week lying on the surface in the wood in summer.

7.2.4 Period up to skeletonisation
The period up to skeletonisation shows great variability,
depending on the storage conditions of the body; this had
already been expressed by Casper’s rule, which says that a
cadaver lying on the ground decomposes more quickly than
one lying in water or underground, although the ratios Casper
has given are certainly also subject to numerous varying conditions. Corpses lying on the surface of the ground are as a rule
skeletonised within 1 year, and after 2 years the bones are completely free of soft tissues. A considerable proportion of soft
part reduction during the summer months is due to maggot
infestation and animal predation. Under such conditions, a
cadaver can be completely skeletonised within a few weeks (Fig.
7.20). In case of a body lying underground, the time required

for skeletonisation depends essentially on the composition
of the soil. Under normal conditions, in an usually waterpermeable, aerated soil at a depth between 1 and 2 m (3 ft 3 in
to 6 ft 6 in), about 5–7 years are needed until skeletonisation is
complete, although considerably longer periods can also be
observed. In warmer climates, the period needed until skeletonisation is normally rather shorter. Results of exhumations in the
past few years indicate, however, that even after burial periods
of 5–7 years some bodies, plus clothing, were often found to be
well preserved; in some cases the inner organs including the
gastrointestinal tract were still intact. Bodies buried in crypts
or sarcophagi may undergo mummification (see below). Special
conditions apply to burials in mass graves. Even if many bodies
are buried together at the same time, each of them may display
quite different degrees of decomposition; bodies lying on the
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periphery are usually extensively decomposed, while bodies
lying more in the centre may display good preservation of soft
tissues with pronounced grave wax formation. The bones of
bodies lying above ground are, as a rule, completely skeletonised after 1–2 years; they show no remnants of soft tissues, and
no traces of cartilages or tendons. Remnants of soft tissues may
still be found up to the second decade after burial in inhumed
bodies, more rarely after the third or fourth decade. Remains
of clothing may be preserved even longer.

7.2.5 Animal predation
Already in the very early postmortem interval there may be
traces of animal predation, not only from rats or mice, or – in
water – crabs and fish, but also from dogs and cats. Mice will
typically gnaw away the epidermis and leave characteristic
gnawing marks (Fig. 7.21).
Large soft tissue damages may be caused particularly by
dogs. They can be explained by the dog’s wish to get a reaction
from its lifeless owner, first licking the face, and then, when
there is no result, behaving instinctively, biting and later mutilating him.
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7.2.7 Mummification
Mummification usually occurs when the water of the body’s
tissues evaporates due to dryness of the environment and good
ventilation. Mummification through natural processes may
occur in bodies buried in churches or crypts (the lead cellar of
Bremen cathedral, for example), but it is also seen in bodies
that have lain at home, indoors, for some time before being
discovered. Through mummification the skin dries out into a
hard, leathery state. The dehydration sometimes causes the
body to be fixed in the position it was assumed to have been in
at the onset of death (Fig. 7.22). Furthermore, there is substantial weight loss, due to the desiccation and shrinking of tissues.

7.2.6 Preservation processes in cadavers
While autolysis, putrefaction and decomposition lead to dissolution and disintegration of the body down to its bones and
tendons, the body may be preserved under special environmental conditions. Such preservation processes include mummification and adipocere formation. Preservation of the body can
also be found in bog bodies and permafrost bodies.

Figure 7.21 Gnawing marks of the epidermis of the hands
by mice.

Figure 7.22 Mummification of a body in a fixed position. The man was lying on the couch of his apartment for half a year (the autumn
and winter) after death with the doors and windows open.
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(a)

(b)

(c)

(d)

Figure 7.23 Mummificaiton of the whole foot sole within 3 days
after death.

It is especially the rapid loss of water that contributes to mummification, such as occurs by storage in dry, drafty air or on a
warm and dry ground (Fig. 7.23). Mummification leading to a
leathery, hard stiffening of the skin may, under appropriate
environmental conditions, commence relatively quickly (after
2–3 days), starting at the extremities (fingers, tips of nose and
chin, ears, skin over the cheekbones); pronounced mummification, however, as a rule, is not detectable until after several
weeks.

7.2.8 Decomposition of the body in the
grave: saponification
A body buried in soil should be reduced to a skeleton after
15–20 years, at the latest. As is well known, skeletons may
remain preserved for a much longer period of time (several
centuries). Whether a corpse has largely decomposed within
this time, however, also depends on the properties of the soil –
its mineral composition and aeration – and on groundwater
conditions. For these reasons, only those sites that consist of the
appropriate soils should be used for cemeteries. Unsuitable are
grounds in which the coffins are actually lying in groundwater,
or where the zone of decay constantly or temporarily contains
groundwater, or areas being subject to flooding by bodies of
water in public use. Nevertheless, under such conditions, a particular preservation process known as saponification – the formation of adipocere, or grave wax – may occur. Saponification
can be observed in bodies which have lain in a completely or
partially hermetic damp environment (such as water corpses
and in damp graves). During the formation of adipocere,
unsaturated fats (oleic acids) are converted into saturated fats
(palmitic and stearic acids). Saponification begins in the skin
after about 6 weeks and in muscles after 3–4 months. Entire
extremities may be converted into adipocere, although this

Figure 7.24 Saponification. (a) Soft tissues of the thighs were
converted into hard shells of adipocire with the long bones
hanging loosely. (b) Saponification of the head. (c) The leg of a
newborn child, with saponification, after lying in flowing water
for several months, the outer shape of the legs was preserved;
the chalk-like brittle mass, which looks like a stiff tube, contains
loose bones. The muscles are missing. (d) The texture of the fat
nodules in the subcutaneous fatty tissue was fixed by adipocere
formation (‘état mammelloné’).

requires several months to years (Fig. 7.24). The term adipocere
(adeps = fat, cera = wax) goes back to Fourcroy (1789) and
Thouret (1792) who, during the closure of a cemetery in Paris,
noticed that the bodies buried there, some of them in groups,
had not ‘wasted away’, but had been preserved in the same
characteristic way.
The German word Fettwachs (‘fat wax’) is still commonly
used, although the substance contains neither fats (glycerin
esters of higher fatty acids) nor waxes (esters between longchain fatty acids and univalent alcohols), but instead of these
higher fatty acids with C-chain lengths between 12 and 20.
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Macroscopically, fatty tissues are firstly converted into a greyishwhite greasy mass which later shows a waxy consistency. As a
rule, adipocere begins to form in warmer water after 1–2
months. The final state may result in soft body tissues being
converted into a hard shell of adipocere; if this happens in a
limb, the central long bone sits loosely, as in a tube of grave
wax. For an entire body to convert into an adipocere corpse it
may take over a year’s time with its final state also being called
a ‘plaster corpse’ due to its crumbly, hard consistency.

7.2.9 Permafrost bodies
Extensive body preservation may also be observed in permanently frozen ground. Permafrost bodies have been found in
northern Canada, for example, in the early 1980s. The bodies
in question had been members of the Franklin expedition in
the 1840s. The cadaver found in the Hauslabjoch area of the
Italian Alps (‘Ötzi’) is a famous frozen body from central
Europe.

7.2.10 Bog bodies
In bog bodies, the effects of humic acid include bone demineralisation, the tanning of soft tissues and a typical reddish dying
of the hair. Due to the preservation of the body surfaces of bog
corpses, it is often possible to collect significant evidence of the
circumstances of death and cause of death. Along with the presence of tannin and humic acid, a third important factor is the
oxygen-poor peaty soil which suppresses putrefaction processes
and thus contributes to the good preservation of bog bodies.

7.3 Timing of death
Burkhard Madea and Claus Henssge
The problems of estimating the time since death is explained
with the following example.
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resolution of rigor mortis was present. Displacement of lividity
on thumb pressure was noted (however, it was not recorded
whether complete or incomplete). Beginning of green discoloration of the lower abdomen was seen. The conclusion regarding
the time interval since death by the pathologist was that the
time of death was at the day of recovery or the evening before.
The question raised by the police was whether or not an
earlier time of death was possible since the woman did not enter
her home after 21 May and she was found with the same clothing
she was wearing that day. She used to change clothing every
day. If she was really killed on the day of recovery or the evening
before, the murderer must have kept the body for 2 days
at a different place and then brought her back to the grainfield.
If she met her murderer already on 21 May on her way back to
her home and was raped and murdered afterwards already at
that time, this would mean a completely different profile of the
perpetrator.
The ambient temperature was low during the whole time
period, mostly below 20°C, at night even below 10°C. Only on the
day of recovery of the body was the temperature above 20°C.
However, the woman lay in a grain field with the wheat
already grown high. On the day of the autopsy, fly egg patches
were noticed in one angle of the mouth, in the eyes and over the
neck, and some small larvae on one ear and in the mouth. An
estimation of the time since death was difficult because the
ambient temperature was not constant (day and night fluctuations). Considering a rectal temperature of 21°C, a ‘mean’
ambient temperature of 15°C and a body weight between 60 and
70 kg, the minimum time since death would probably be over 40
hours. The resolution of rigor mortis and other signs of death
(eye patches, small larvae) would also be compatible with a
time interval of 2–3 days. Furthermore, a cherry was found
in the stomach content and the deceased was witnessed as
having eaten a piece of cherry cake on 21 May. Unfortunately,
vitreous humour was not examined. Vitreous humour might have
been helpful to differentiate whether the woman was dead for 1
or 3 days.

This case illustrates that methods for the investigation of the
time since death must not be used separately. As much information as possible has to be obtained to get reasonable results
concerning the time interval since death.

7.3.1 General considerations
Case example
A 67-year-old woman was last seen alive on 21 May between 2
and 5 p.m. She visited a small festival where she drank coffee
and had a piece of cake. She was found dead 3 days later on 24
May at 7 p.m. a few hundred metres away from the festival in a
grain field. She had walked by foot from her home to the festival
and had been on her way back home. The cause of death was
manual strangulation and apparently the woman had been
raped. The rectal temperature at the day of recovery (24.5°C)
at 23.39 p.m. was 21.0°C with the ambient temperature being
12.5°C.
Electrical excitability of facial muscles was negative. Signs of
death at autopsy (1 day later) included relatively easy breaking
rigor mortis in knees and ankles. In the other joints, complete

Estimation of the time since death is a practical task of daily
forensic casework. The main principle of determination of the
time since death is the calculation of a measurable date along
a time-dependent curve back to the starting point. Characteristics of the curve (e.g. the slope) and the starting point itself
are affected by internal and external, antemortem and postmortem conditions (Fig. 7.25). Since the initial value as well as the
slope are influenced by that many factors, for example the
ambient temperature or local temperature at the site of measurement, the estimation of the time since death reveals only a
certain period of time, but not a point of time.
The parameters used for estimating the time since death are
completely different in nature:
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Investigated parameter

Initial value

Slope

dY
dX

Measured value

to = 0

Time since death

Time of death

tx
Time of measurement

Figure 7.25 Main principle of the determination of the time since death (calculation from a measured value along a curve back to the
initial value).

1. Body cooling and postmortem lividity are predominantly
physical processes.
2. Rigor mortis and supravital reagibility of skeletal muscle
are physicochemical processes.
3. Putrefaction is mainly based on bacterial processes.
4. Chemical methods to estimate the time since death are
based on metabolic processes, autolysis and diffusion
according to concentration gradients.
The methods used for estimating the time since death are
not only different in nature but their scientific value, the underlying scientific background and the amount of validation of a
method also differ widely: while for some methods of estimating the time since death extensive quantitative measurements
with mathematical descriptions of a time change have been
carried out, taking into account influencing factors quantitatively and clear data on the precision of estimating the time
since death with proof of the precision on independent case
material (e.g. body cooling) are available, other methods are
based on a subjective grading of postmortem changes; further
methods for time estimations are based just on empirical data
(empirical knowledge, no controlled longitudinal or crosssectional studies) instead of statistically evaluated reference
values.

7.3.2 Objectives of death time estimation
Methods to estimate the time since death use two different
approaches:
1. Which premortem changes, either physiological or pathological ones, can be detected on the body and allow, together
with investigations by the police, conclusions on the time
since death (survival time).

2. Which postmortem changes allow a conclusion on the time
since death.
The first approach comprises methods such as wound age estimation or death time estimation from gastric content; normally
only very rough estimations are possible. The second approach
is the more important one and comprises the spectrum of
methods for death time estimation based on progressive postmortem changes which are usually used at the scene of crime.
However, if time of death and time of assault are not identical,
it is necessary to combine both approaches in order to get an
impression of how long an injury was survived and in which
time interval death occurred after the assault.
The police use further criminal or scene markers which have
no scientific background such as:
1. Date of last mail or newspapers.
2. When was the individual last seen alive by neighbours.
3. Time and date of an opened TV guide.
4. Anamnestic factors concerning the deceased’s habits.
The estimation of the time since death at the scene of crime
has two different objectives:
1. To give the police a preliminary idea of the time of the
assault. However, the time since death will give information
on the time of assault only in those instances with a short
survival period. This has to be checked with the autopsy
findings.
2. To check whether the time since death is consistent or
inconsistent with the alibi of the suspect.
Only in rare cases does timing of death play a major role at
court as the only evidence for or against the guilt of an accused.
The estimation of the time since death should be as precise
as possible but even more important is a reliable result. A very
precise but unreliable result may mislead police investigations
for a considerable time.
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7.3.3 Practical application of different
methods for estimating the time
since death
Since criteria of various postmortem changes are proposed for
estimating the time since death (Table 7.12), the question arises
how to use these criteria together and combine them to reach
a common result.
From all methods of estimating the time since death, the
nomogram method by Henssge based on the body cooling after
death is the most intensively investigated one and also the most
precise and reliable procedure. Therefore it should be used in
all cases if its requirements are met and it should be chosen as
the best method.

Rectal temperature time of death
nomogram method
Practical proceedings at the death scene include:
1. One-time measurement of the deep rectal temperature.
2. Measurement of the environmental temperature or estimation of the mean environmental temperature in cases of
temperature fluctuations.
3. Estimation of the body mass.
4. Estimation of a body mass corrective factor.
5. Are there any factors which exclude the application of the
nomogram?
6. Nomographical reading or calculating of the time since
death.

Measurement of the deep rectal temperature
For measuring of the deep rectal temperature only officially
calibrated thermometers must be used. The deep rectal temperature should be measured at least 8 cm within the sphincter
ani. In cases of small infants the thermometer should be placed
as deep as possible in the rectum without using force. Inflexible
measuring sensors with the temperature sensors placed at the
top should be used. After inserting the temperature probe, wait
for the temperature adjustment of the measuring sensor.

Measurement of the environmental
temperature and estimation of the mean
environmental temperature
The application of the nomogram method requires a constant
environmental temperature between time of death and examination of the body. The temperature measured during the
examination of the body can only be used for the calculation if
it has not changed since the moment of death.
Disregarding possible changes of the environmental temperature may cause serious mistakes when calculating the
time since death. Since a constant environmental temperature
between death and investigation is rare in practice, the mean
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environmental temperature between time of death and examination has to be taken as a basis for calculation. The mean
temperature can be estimated by considering the measured
environmental temperature as well as the situation of the scene.
The forensic pathologist has to consider very carefully at the
place of recovery whether or not the measured environmental
temperature has been constant or if a mean environmental
temperature has to be taken as a basis for calculating the time
since death.
In the measurement of the environmental temperature, the
air temperature has to be measured near the body and at the
body’s level. The temperature of the surface which the body is
lying on should be measured directly next to it especially in
cases of expected significant differences to the air temperature.
It might be necessary to measure it under the carpet, between
stones or 1 cm within the soil. If there are only minor temperature differences, the arithmetic mean value can be used. Of
special importance is whether or not the measured environmental temperature could have changed during the postmortem interval either naturally or artificially. Typical natural
changes include differences between night and day outside temperatures which can have an effect on inside temperatures
depending on the general condition of the building, opened or
closed doors and windows. Some typical indicators for artificially changed temperatures include open windows or doors
after discovery of the body with great temperature differences
between inside and outside or radiators being turned on or off.
For corpses found in water, the water temperature at the
place of discovery, as well as distant from it below the water
surface, have to be measured. In cases of minor alterations of
ambient temperature, the arithmetic mean value of the investigated temperature range can be used for estimating the time
since death. If there are significant variations, the mean value
weighed by time should be calculated, based on the hourly
temperatures given by a meteorological station (addition of the
hourly temperature values divided by the number of hours).

Estimation of body mass
The estimation of the body mass at the scene of death depends
on personal routine. Empirically, estimations are more precise,
if the body length is measured as well. Usually experienced
forensic pathologists are able to estimate the body weight in a
range of ±5 kg. Wrong estimations can easily be corrected by
weighing of the body prior to autopsy.

Estimation of body mass corrective factor
Body mass correction factors (f) quantify cooling acceleration
(f ≤ 1) and cooling retardation (f ≥ 1) compared to standard
conditions of body cooling (f = 1): this is for unclothed, uncovered body in a supine position on a thermally ‘indifferent’
ground in still air.
Recommended procedure for estimating the corrective
factor is as follows:

100

PART II   MEDICAL ASPECTS OF DEATH

Table 7.12 Table for estimation of the time since death based on supravital reactions and postmortem changes.
Reactions and postmortem changes

Time since death

Electrical excitability
Musculus orbicularis oculi

VI upper and lower
eyelid + forehead + cheek

1–6 hpm

V upper and lower
eyelid + forehead

2–7 hpm

IV upper and lower eyelid

3–8 hpm

III whole upper eyelid

3.5–13 hpm

II one- to two-thirds of the
upper eyelid

5–16 hpm

I upper eyelid local around
the puncture electrodes

5–22 hpm

Musculus orbicularis oris

3–11 hpm

Thenar muscle

Up to 12 hpm

Hypothenar muscle

Up to 12 hpm

Pharmacological excitability of
the iris
Mydriatica

Miotica

Noradrenaline/adrenaline

14–46 hpm

Tropicamid

5–30 hpm

Atropine/cyclopentulate

3–10 hpm

Acetylcholine

14–46 hpm

Drop of body core temperature
(rectal temperature)

At first there is a temperature plateau of 2–3 h, thereafter
c. 0.5–1.5°C/h drop, dependent on ambient temperature,
clothing, covering, body proportions, weather conditions
(wind, rain)

Drying of the cornea (open eyes)

After 45 min

Drying of the cornea (closed
eyes)

After 24 min

Postmortem lividity
Beginning

After 15–20 min (0–2 hpm)

Confluence

Approx. 1–2 h (0.75–4.25 hpm)

Maximum

After a few hours (c. 6–8) (0.5–18.25 hpm)

Complete displacement on
thumb pressure

Approx. 10 h (10–20 hpm) (–17.5 hpm)

Displacement after turning the
body

Approx. 10 h (incomplete 2.25–20 hpm)

Rigor mortis (jaw)

After 2–4 h (0–7 hpm)

Complete rigidity

After 6–8 h (6–10 hpm)

Beginning of resolution

After 2–3 days dependent on the ambient temperature

Re-establishment possible

Up to 8–12 hpm

Complete resolution

After 3–4 days, in deep ambient temperatures rigor
mortis may be preserved much longer

hpm, hours postmortem.
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1. Correlation of corrective factor with the cooling conditions: cooling medium (air, water), clothes/coverage (dry,
wet), still or moving air. Note that only cooling conditions
of the lower trunk (where the rectal temperature is measured) have to be taken into account. Furthermore, even a
slight but permanent movement of the air (e.g. if windows
or doors are open) accelerates cooling of an unclothed
body or a body with thin clothing only.
2. The ground on which the body is lying has to be assessed
regarding possible isolating or accelerating cooling effect.
If the ground is not ‘thermally indifferent’ a correction
factor has to be applied, taking into account the clothing
of the corpse.
The ground should be assessed according to its thermal
conductivity and heat capacity. As an example the thermal
conductivity of concrete is relatively high. Nevertheless, the
thin concrete ceiling of a balcony has to be classified as
‘thermally indifferent’ whereas a concrete floor of a cellar
at groundwater level has to be classified as rather accelerating for cooling of a naked or lightly dressed body. ‘Thermally indifferent’ surfaces include apartment floors, lawn,
dry soil and asphalt. Isolating grounds include mattresses,
armchairs and thick carpets.
3. In cases of low or high body weights and corrective factors
of ≥1.4, an additional correction of the corrective factor
dependent on the body mass is required.
The method must not be used if:
1. The place of discovery is not the place of death.
2. Radiation sources are in proximity with the body.
3. The body is lying on a heated floor.
4. There is suspicion of death due to general hypothermia.
5. Mean environmental temperatures cannot be determined.
6. A body mass correction factor cannot be determined.

Nomographic reading or calculation of the
death time interval
Death time calculation is based on two exponential formula for
environmental temperatures below 23°C:
T − Ta
= Q = 1.25 exp(B × t ) − 0.25 exp(5 × B × t )
37.2 − Ta
(formula 1)
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B = −1.2815( f × kg)− 0.625 + 0.0284
(formula 3)
Formulae 1 and 2 have been converted into nomograms.
Calculating the time of death by using computer software is
preferable to using the nomographic method, even at the place
of recovery.1 A special computer program interactively supports
death time estimation. The different parameters (mean environmental temperature, body mass, corrective factor) have to
be entered and then the calculation of the time of death by the
nomogram method is carried out automatically taking into
consideration all the above-mentioned rules.

Personal experience
Personal experience is the basis for an application of the
method. It can only be achieved by practical application.
Gaining personal experiences with the nomogram method may
be supported by comparing cases with similar ones published
in the literature. Detailed descriptions of cases in tables may be
used as reference cases.

Compound method
However, even in the most favourable case, the resulting time
since death comprises an interval of ±2.8 hours around the
mean value. By combining the temperature method with other
methods of estimating the time since death, every effort should
be made to further narrow down this range to at least ±2.8
hours.
Methods which can be combined with the nomogram
method as a compound method are: time-dependent criteria
of rigor mortis (beginning, maximum, re-establishment) and
hypostasis (beginning, confluence, maximum, disappearance
on thumb pressure, complete/incomplete shifting); electrical
excitability of facial muscles (m. orbicularis oculi with six
degrees, m. orbicularis oris); mechanical excitability of skeletal
muscle (idiomuscular pad); and pharmacological excitability of
the iris. But how to use the data of these time-dependent classic
signs of death and supravital reactions?
The mean values for any criterion of these classic methods
do not represent a positive reaction. For reliable estimations
derived from these criteria only the upper or lower limits of

and for environmental temperatures above 23°C:
1

T − Ta
= Q = 1.11exp(B × t ) − 0.11exp(10 × B × t )
37.2 − Ta
(formula 2)
T means rectal temperature and Ta means constant or mean
environmental temperature. Parameter B is calculated from the
body mass (kg) or from the product of the body mass and the
correction factor (f) according to:

Several colleagues noticed if they use photocopies of Henssge’s nomogram
from different textbooks or different editions of the same textbooks that they
obtained different results using the same data, no matter how carefully the
relevant lines were drawn. Obviously this problem is caused by the way the
nomogram was typeset in these textbooks. Therefore photocopies of the nomogram in textbooks should not be used in practical casework. Nomograms can
be downloaded from the homepage of the Institute of Forensic Medicine,
University of Bonn (http://www.rechtsmedizin.uni-bonn.de/dienstleistungen/
for_Med/todeszeit (last accessed 9 April 2013) or computer programs should
be used (e.g. www.amasoft.de (last accessed 9 April 2013)).
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Figure 7.26 Mean values (black bars) and variations of different time of death-dependent criteria. Red: lividity (Liv.); blue: mechanical
excitability of skeletal muscle; yellow: electrical excitability (Electr. exc.); green: rigor mortis (Rig.); orange: pharmacological excitability
(Ch. exc.). orb., orbicularis.

these criteria should be used (Fig. 7.26). In Fig. 7.26, mean
values, 95% limits of confidence (electrical excitability of orbicularis oculi muscle) or variation (lividity, mechanical excitability, rigor, chemical excitability) of the different criteria are
arranged chronologically over the time since death (x axis)
according to the increasing mean values. As can be seen, the
mean value represents the time interval in which a positive
reaction occurs by no means. Therefore, for reliable estimations
derived from these criteria, only the upper or lower limits of
confidence of these criteria should be used.
For casework, the data of the signs of death and supravital
reactions described, together with the time of death estimation,
are based on the nomogram and rearranged into a chart which
helps choose the criteria for an actual case (Fig. 7.27).
In casework, the examination begins with estimating the
time since death by the nomogram method after taking temperatures and choosing the appropriate corrective factor.
Depending on the range given by the nomogram method those
criteria are especially examined which help to narrow down the
lower and upper margins obtained by the temperature method.
Using this chart at the scene of death guarantees that nothing
will be forgotten or lost and the inspection and examination of
the body is efficient concerning death time estimation.
In Fig. 7.28, a practical example is given. At the scene of
crime, the examination began with measurement of the rectal
temperature. Using the nomogram, the estimated time of death
was between 4.5 hours (lower limit) and 10.1 hours (upper
limit). The lower limit can be confirmed or improved only by
a criterion with a higher value than 4.5 hours, the upper limit
can be reduced only by a criterion with a lower value than 10.1
hours. The electrical excitability of facial muscles showed
a positive reaction according to degree IV; that means time

since death was below 8 hours. Furthermore, rigor mortis
re-established after breaking which can also only be observed
in time intervals up to 8 hours postmortem. Therefore the
upper limit of death time estimation (10.1 hours) could be
reduced to 8 hours.
In cases in which temperature methods must not be used
(hypothermia, fire in buildings where the bodies are found)
solely with this chart valuable information on the time since
death can be obtained (Fig. 7.29). In the case of Fig. 7.29, the
temperature-based nomogram method revealed a death time
estimation from 8.8 to 14.3 hours based on a rectal temperature
of 26.6 °C, an ambient temperature of 10°C and a body mass
of 72 kg. Rigor mortis had not yet established and electrical
excitability showed a full reaction (degree VI) resulting in a
death time estimation of less than 7 or 6 hours, respectively.
These results exclude each other. Autopsy revealed as cause of
death fatal hypothermia and the decrease of body temperature
during life simulated a long time since death. Therefore the
body temperature must not be used in cases of fatal hypothermia for estimating the time since death but other parameters
give reliable results. The author’s own experiences (Madea)
using electrical excitability apart from the nomogram method
demonstrated that, especially in the time interval from 3 to
8 hpm, the combination of both methods results in a more
precise death time estimation than using one method alone
(Fig. 7.30). Disparate results between death time estimations
based on the degree of electrical excitability and the nomogram
may be a hint to special circumstances (e.g. hypothermia).
A recent field study of the compound method on 72 consecutive cases over a long-lasting postmortem interval revealed
that in 49 cases, the limits of the time period since death estimated by the temperature method were considerably improved
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Figure 7.27 Integrating chart for casework at a scene of crime.

by the non-temperature methods. The degree of electrical excitability was the most valuable additional method, but the classic
signs of death may improve the nomogram result as well. Even
if the temperature result is not improved but just confirmed,
this may increase the self-confidence of the investigator in their
opinion and statement on the time elapsed since death, because
his or her expert evidence can be founded on independent
methods.
An interesting further development of the compound
method was published by Biermann and Potente (2011). They
presented a method, based on the conditional probability distribution that can be calculated if the non-temperature based
findings are taken into account, which ensures the probability
inside the interval to be 95.45%. The method was successfully

applied to a set of 53 cases and led to a reduction of the interval
with up to more than 15%.

Further methods
Potassium in vitreous humour
Although there is a huge literature on chemical methods for
estimating the time since death, they do not play any relevant
role in practice, even postmortem increase of vitreous potassium. The postmortem rise of the potassium concentration
[K+] in vitreous humour has been known for 40 years and
has been recommended for the estimation of the time since
death. However, a practical application has been hampered by
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Figure 7.28 Integrating chart for casework filled in at a scene of crime as an example.

different results concerning the accuracy of death time estimation. Optimistic results of early investigations with an accuracy
of death time estimation of ±9.5 hours in a time period up to
104 hours postmortem could not be confirmed by succeeding
investigations.
Factors which determine the postmortem rise of vitreous
potassium are temperature, chronic illness and urea retention.
Apart from temperature, rise and scatter of vitreous potassium
are determined by the state of health or chronic illness pre
ceding death. Potassium values from individuals dying after
chronic illness are much more erratic than those derived from
individuals dying from acute trauma. The author’s own investigations (Madea) revealed that urea nitrogen is a very suitable
indicator of disturbed homeostasis of electrolyte metabolism

and, depending on the urea values, the corresponding reference
sample and formula can be chosen to extrapolate the time since
death with different 95% limits of confidence (Table 7.13). In
an entire sample including clinical and forensic pathology cases
the 95% limits of confidence were ±34 hours. By eliminating
cases with urea values >100 mg/dl and, in a second step, cases
with a terminal episode >6 hours, the 95% limits of confidence
could be reduced to ±22 and ±20 hours.
Recently, several statistical approaches for a more accurate
estimation of the time since death have been recommended:
1. In most investigations, the postmortem interval has been
used as independent and [K+] as dependent variable in
linear regression analysis between postmortem interval and
[K+]. According to the recommendation of Muñoz et al.
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Figure 7.29 Integrating chart with contradictory results of death time estimation based on body cooling (nomogram), rigor mortis and
electrical excitability (case of fatal hypothermia).

(2001), however, [K+] should be used as an independent
variable for regression analysis. This approach leads to a
higher accuracy of death time estimation.
2. A statistical re-evaluation of six greater studies on the rise
of vitreous [K+] using a local regression analysis (the Loess
procedure) has revealed an accuracy of death time estimation which has surpassed even optimistic results of earlier
investigations.
This recommended accuracy of death time estimation has been
checked on a random sample of 492 cases. Only 153 cases have
been within the predicted postmortem interval, 339 lay outside
with a systematic overestimation of the time since death. Altogether, vitreous potassium is only of limited value in estimation

of the time since death. Other parameters like vitreous hypoxanthine are even more erratic.

Gastric contents and time since death
Gastric content alone allows only a rough estimation of the
interval between last meal and death. State of digestion and the
distribution of the last meal in the stomach and upper intestine
have for a long time been proposed as a method to estimate the
time since death. For the estimation of the time since death,
the volume of the stomach content compared to the volume of
the last meal and transportation distance into the small intestine must be known. Even if the volume of the last meal is not
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Change
(%)

N

270 (170)

228 (138)

Intercept

6.10 (5.99)

6.02 (5.88)

Slope

0.20 (0.2033)

0.18 (0.1877)

–10

Correlation
coefficient

0.89 (0.86)

0.91 (0.89)

+2.2

Variance S2

8.57

5.09

–40.6

Standard
deviation Syx

2.93 (3.42)

2.25 (2.62)

–23.2

95% limits of
confidence (h)
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±21.78 (±22)
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Table 7.13 Precision of time of death estimation using vitreous
potassium in different random samples. Urea was used
as internal standard; statistical parameters are shown
of the entire sample and subgroups. The data in
brackets are from Madea et al. (1989).
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Figure 7.30 Combined application of the temperature-based
nomogram and the electrical excitability for determining the
time since death. Boxes show death time estimation by the
nomogram method (lower and upper 95% limits of confidence).
The > and < signs indicate death time estimation based on the
degree of electrical excitability. For instance, degree III positive
(case 15) not only provides the information that the time since
death is less than 13 hours postmortem but is also degree IV
negative, therefore the time since death is >3 hours
postmortem. Especially during the time period from 3 to 8 hours
postmortem, combining electrical excitability with the nomogram
method allows more precise death time estimation than using
one method alone. The real time since death was always within
the calculated time since death.

known, the type of meal (breakfast, lunch, dinner) may allow
rough estimations of the time of day when death occurred.
Gastric emptying has been studied and quantified in the last
decades using different methods (e.g. radiological, intubationaspiration, radioisotopes, ultrasound, absorption kinetics of
orally administered solutes, ferromagnetic traces). Liquids leave
the stomach much faster than solids. While gastric emptying
for liquids follows an obviously exponential function, solids
show a linear emptying pattern. The following gastric emptying
times are given in the literature: 1–3 hours for a light small
volume meal; 3–5 hours for a medium-sized meal; and 5–8
hours for a large meal. However, different anatomical and functional disorders may cause delayed or accelerated gastric emptying (Box 7.2). According to Horowitz and Pounder (1985)
only the solid compartments of a mixed solid and liquid meal
should be considered and the weight of the stomach content
should be compared with an estimated weight of the last meal

and reference made to the known 50% emptying times for the
solid components of meals of various sizes.
Tröger et al. (1987) compared the gastric content (volume)
found at autopsy to time and volume of last meals on an
autopsy collective of 47 cases (sudden and unexpected death,
exclusion of brain tumours, operations of gastrointestinal tract,
intoxication, blood alcohol level). Gastric contents in per cent
of volume of the last meal was plotted against the survival time.
Only a gastric volume over 10 g was considered. Regression line
and 90 and 98% confidence limits were calculated (Fig. 7.31).
From this graph, the following conclusions can be derived: if at
autopsy 50% of the volume of the last meal are found, the last
food intake was about 3–4 hours prior to death with 98% confidence limits not shorter than 1 hour and not longer than 10
hours.
If 90% of the last meal are found in the stomach, the last
ingestion took place probably within the last hour prior to
death with 98% limits of confidence of not more than 3–4
hours.
However, conditions for a delayed and accelerated gastric
emptying have to be kept in mind (Box 7.2).
A different reference curve exists for mere carbohydrate
nourishment since gastric emptying obviously seems to proceed
much faster in such cases.
A reference curve for baby food was also compiled. It can be
used in the same way as the curve for mixed food.
Special instructions for microscopic and immunological
identification of stomach content are available. The macroscopic identification of stomach content should be carried out
according to the suggestions of Holczabek (1961): in order to
get a first impression of the type of food we use plastic sieves
(plastic is used to avoid any kind of contamination).
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Box 7.2 Aetiology of delayed and accelerated gastric
emptying. After Horowitz and Pounder (1985) and Tröger et al.
(1987).
Transient delayed gastric emptying
• Postoperative illness
• Acute viral gastroenteritis
• Hyperglycaemia
• Drugs: morphine, anticholinergics, levodopa, β-adrenergic
agonists, nicotine
• Stress: labyrinthine stimulation, cold, pain, pectin
supplementation
Chronic gastric stasis
• Diabetes mellitus
• Postsurgical (truncal vagotomy with pyloroplasty and
antrectomy)
• Gastro-oesophageal reflux
• Anorexia nervosa
• Progressive systemic sclerosis
• Chronic idiopathic intestinal pseudo-obstruction
• Amyloidosis
• Myotonia dystrophica
• Familial dysautonomia
• Dermatomyositis
• Tachygastria
• Paraplegia
• Idiopathic myocardial infarction
• Acute abdomen
• Laparotomia
• Physiological (liquids, acid, lipids, left side position)
Accelerated gastric emptying
• After gastric surgery:
○ vagotomy
○ antrectomy/subtotal gastrectomy
• Zollinger–Ellison syndrome
• Duodenal ulcer disease
• Reserpine
• Physiological: liquids, hunger

Primarily, the stomach content is put into a plastic sieve
with holes of 2 mm in diameter placed above a bowl with ice.
The stomach content is then purified by using water. In all
cases without advanced digestion, the composition of food can
immediately be identified to a great extent. The volume might
be estimated by putting it in a dish. By this, it might also be
estimated how much of the stomach content has already left
the stomach. If the type of food cannot be identified, a small
particle can be used for microscopic examination, identified
and stored in 10% formalin, and the rest of the remaining
stomach content is kept – necessarily with the rinsing liquid –
for chemical examination. The rinsing liquid in the ice bowl is
then filtered through a fine mesh with special attention given
to the leading elements. Leading elements are those particles
that are only slowly digested and thus can indicate the path of
the food through the intestinal tract. These leading elements
are mainly fruits (e.g. poppy seeds, caraway, fruit stones, cloves
and peppercorns). Microscopic examination of the intestine
content often shows an affiliation of the leading elements with

Figure 7.31 Relation between gastric volume and a mixed meal
in per cent of ingested volume and time after ingestion with
regression line, 90% and 98% limits of confidence. Reproduced
with permission from Tröger et al. (1987), © Schmidt-Römhild,
Lübeck.

special types of food. The leading elements can also provide
quite detailed information about the progression of digestion
before death, since they can be found in large sections of the
intestine.
For examination of the small intestine it is placed between
two marks on the table (1.5 m distance between the marks) so
that its approximate length can be determined. The intestine is
being ligated at three points (in all cases in which an examination might be of high importance at five points) before removing it from the body. Thus, shifting of the content can be mostly
avoided. In the next step, the intestine is opened and the content
put in a sieve with 1 mm holes.
Prior to the examination via a sieve, the content of the
intestine is checked regarding amount, colour, consistency and
odour. Notice possible filling of the lymphatic vessels of the
intestinal wall and within the mesentery. During the examination, it is often possible to identify food particles with the naked
eye and test specimens retained for microscopic examination.
The large intestine also has to be examined in three portions.
The content of the large intestine is also put into a sieve with
2 mm holes and it is washed with water using a shower head.
With this method it is quite easy to separate solid particles from
the content of the intestine.

Putrefaction
Putrefaction is a bacterial process predominantly influenced by
environmental factors, mainly the ambient temperature, but by
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underlying diseases and body proportions as well; advanced
stages of putrefaction may be seen within a few hours after
death; those in moderate or cold climates not seen after weeks.
Even in relatively constant ambient temperatures the progression of putrefaction varies considerably. Recent H-magnetic
resonance spectroscopic investigations on metabolites emerging during decomposition of brain tissue (Scheurer et al. 2003)
offer promising results that even decomposition may be used
as a reliable method to estimate the time since death. However,
these longitudinal studies on postmortem changes are still on
an experimental level and decomposition under different
ambient temperatures has to be studied. One weak point may
be that decomposition has been studied in isolated brains and
skulls; thus, an invasion of bacteria from the gastrointestinal
tract is not possible. There is no sound approach to the use of
stages of putrefaction for estimating the time since death while
the body is lying in air. For bodies recovered from water, a quite
good and reliable method for estimating the minimum and
maximum water time has been developed based on putrefactive
changes which are visible at external examination or at the dissection of the body. This is mainly due to the fact that water
temperatures are relatively constant over a longer period of
time and during day and night, while air temperatures differ
not only from day to night but also from one day to the next.
Morphological findings which have to be taken into consideration for an estimation of the duration of immersion in immersed
bodies are listed below.

External findings
1.
2.
3.
4.
5.
6.
7.
8.

Rigor mortis.
Lividity.
Marbling.
Bloating of face, scrotum, subcutaneous tissue.
Discoloration of skin (green, black, reddish).
Loss of epidermis.
Loss of hairs.
Hands:
a. washerwoman’s skin;
b. loosening of nails;
c. peeling of skin;
d. loss of nails.
9. Feet:
a. washerwoman’s skin;
b. loosening of nails;
c. peeling of skin;
d. loss of nails.

Internal findings
1. Volume of transudate in pleural cavity.
2. Heart without blood.
3. Liquefaction of brain.
The warmer the water, the sooner a definite stage of putrefaction is achieved. From the mean water temperature for each

month and the stages of decomposition, the German forensic
pathologist Reh (1969) developed a chart with minimum time
intervals of immersion. For all 16 parameters for estimating the
minimum time of immersion, see Table 7.14. On the left-hand
side of the table, a list of useful criteria can be found; in the first
line the months, in the second line the mean water temperature,
and in the following line the minimum time interval in days
are shown.
As many criteria as possible should be used for estimating
the minimum time interval since death. With more than one
or two criteria, the result will become more reliable. For estimating the minimum time interval, the mean water temperature which is nearest to the actual water temperature at the
time of recovery should be used. With this chart not only the
minimum time interval of immersion can be estimated but also
the maximum interval by considering those criteria which have
not yet developed. If in June marbling, bloating and discoloration of the body have developed, the nails are loose but not lost,
it may be concluded that the interval of immersion is over 3
days but below 8 days. This author’s personal experience with
this chart is quite good since it is much better than the old rules
of thumb because it takes the actual temperature for the progression of putrefaction into consideration.
However, compared to the average monthly water temperatures listed in the table, the actual water temperatures have since
risen during the last 40 years. Especially in summer, reliable
results can only be expected when the actual water temperature
is similar to the temperatures in the table. Especially for higher
water temperatures, the time interval of immersion may be
underestimated when using the table since systematic observations of the progression of putrefaction in correlation to the
higher water temperatures are missing. Therefore as a task for
the future, the table should be adapted to the current higher
water temperatures.

7.4 Basic forensic entomology
Saskia Reibe

7.4.1 Succession
All decaying organic material, including corpses, is a natural
habitat for several arthropods. They use it as nourishment,
breeding site, mating or hiding place. As the material decomposes, it undergoes a series of changes offering different species
exactly what they are specialised on. Several succession studies
were carried out in different countries (Anderson and VanLaerhoven 1996; Arnaldos et al. 2001; Archer 2003; Bharti and Singh
2003; Grassberger and Frank 2004; Watson and Carlton 2005;
Eberhardt and Elliot 2008) to understand the order in which
species respond to different stages of decomposition and to
correlate further species and decomposition stage to estimate a
postmortem interval in real cases (Goff 1993). For the studies,
animal carcasses were exposed to monitor the different stages

a

Heart without blood

Brain liquefied

15

16

35

Over 39

35

Over 53

Over 53

Over 53

(1)

Over 53

35

Over 35

(1)

35

35

35

35

32

30 (40)

32–34 (40)

25 (40)

Over 60

60

40

(1)

45

(45)

30–32 (40)

28–30 (1)

25

25

25

25

25

3.9°

Feb.

(23)

23

18 (35)

53

35

26 (35)

(12)

30 (40)

23

23

(12)

16 (23)

16 (23)

16 (23)

16 (23)

16 (23)

5.8°

Mar.

14–16

14–15

10

Over 35

16

17

(1)

21

16

16

10–12

(16)

(14)

10

9–10

9.9°

April

5

9

5

Over 28

10

10

14

10

5

4–5

4–5

4–5

4–5

4–5

13.0°

May

All times are minimum time of duration of immersion except values in brackets which are maximum times.

Transudate in pleural cavities
(>500 mL in adults)

14

Nails lost

9

Nails lost

Peeling of skin in glove form

8

13

Nails become loose

7

Peeling of skin

Hands: beginning of wrinkling

6

12

Hair lost

5

Nails become loose

Peeling of the epidermis

4

11

Discoloration of the body

3

Feet: beginning of wrinkling

Distension of tissues by gas

2

10

Marbling

3.5°

Median water temperature (°C)

1

Jan.

Month

3–4

4

3–4

Over 10

5

5

(6)

8

3

2–3

(6)

2–3

3

2

2–3

2

17.4°

June

3

3

3

3

3

3

0.5

3

3

3

2–3

2

2

2

1–2

18.6°

July

3

3

3

Over 10

5–6

4

4

3–4

3

3

3

3

3

2

18.6°

Aug.

6

5

11

Over 10

8–9

8

2

10

4

3–4

2

3–4

3–4

3–4

3–4

3

17.3°

Sept.

Table 7.14 The German forensic pathologist Reh (1969) developed this chart showing minimum time intervalsa of immersion (days).

10

11

5

Over 11

Over 11 (14)

12

Over 11

7

11

7

7

7

7

4–5

13.2°

Oct.

17

20

Over 20

Over 20

20

17

2

20

20

17

2

10

10

10

10

10

8.8

Nov.

28

28

Over 35

28

28

(1)

Over 35

28

28

(1)

17

17

17

17

17

4.7°

Dec.
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Figure 7.32 Visitation of several interacting insect groups in different stages of decomposition. 1, fresh (a few hours after death); 2,
active decay (2 weeks after death); 3, advanced decay (3 weeks after death); 4, advanced decay (2 months after death); 5, dry or
skeletonised (2 years after death). See text for more explanation.

of decay and to sample corresponding arthropods. Nevertheless, all series have to be regarded as individual as the habitat
and the microclimate can have serious effects on the insect
fauna.
Figure 7.32 shows exemplarily different stages of decay of
human corpses. All of the corpses were autopsied in the Institute of Forensic Medicine, Bonn, Germany: all corpses have
been found outdoors but under different microclimatic influences, however, the general progress of decay can be followed.
In Fig. 7.32, specimens of the visiting species are grouped above
the stage of decomposition in which they were observed. The
picture is not complete, it is rather a snap-shot view and also
the following list of visitor species and their descriptions are an
introduction only.
Among the earliest visitors of a corpse are blow flies (Dipera:
Calliphoridae) (A in Fig. 7.32). They deposit their eggs in areas
where the hatching first instar larvae can feed (Norris 1965).
Another early visitor is a wasp (Alysia manducator, Hymenoptera: Braconidae) (B in Fig. 7.32). It is attracted to the odour of
decaying meat and parasites the larvae of blow flies (Matthews

1974). The latter feed on the decomposing tissue which is softened and cracked down by the activity of bacteria. A predator
of the feeding larvae (C in Fig. 7.32) is the beetle Creophilus
maxilosus (Coleoptera: Staphilinidae) (D in Fig. 7.32) (Greene
1996). The next developmental step for the blow fly larvae is
pupariation; in the pupal stage (E in Fig. 7.32) the metamorphosis form larvae to adult blow fly takes place (Denlinger
1994). A common parasitoid of the puparium is the wasp
Nasonia vitripennis (Hymenoptera: Pteromalidae, F in Fig.
7.32) (Fabritius and Klunker 1991); F in Fig. 7.32 shows the
wasp (small insect to the left) next to a puparium of a blow fly
(large brown oval-shaped item to the right). After parasitation,
one puparium can become the nutrition site for hundreds of
new specimens of Nasonia vitripennis, as the wasps are very
small (see size comparison in F of Fig. 7.32). In an advanced
stage of decay, specimens of Piophilidae (Diptera) are attracted
to the corpse (G in Fig. 7.32). Their larvae (H in Fig. 7.32) have
the ability to jump, as a defensive mechanism against their
predators: the beetle Necrobia rufipes (Coleoptera: Cleridae) (I
in Fig. 7.32). In general, the longer the decomposition proceeds

CHAPTER 7   POSTMORTEM CHANGES AND TIME SINCE DEATH

the more arthropod families arrive to benefit from the timedependent habitat. Stage 4 also attracts several species from the
beetle family of Staphilinids (K in Fig. 7.32). They all prey on
fly larvae. Another beetle is frequently found in later stages of
decay: Nicrodes littoralis (Coleoptera: Silphidae) (L in Fig. 7.32).
Its larvae can be found on cadavers a few weeks after death
(Matuszewski et al. 2008).
Additionally, other dipteran families can be observed,
for example Muscidae. In stage 4, pupae of Fannia manicata
(Diptera: Fanniidae) were found (J in Fig. 7.32). The larvae also
feed on decaying material.
The last species shown in Fig. 7.32 is the beetle Necrophorus
vespilloides (Coleoptera: Silphidae) (M). This picture was taken
during an experiment exposing small piglet carcasses. The
beetle is associated with carcass but is known for burying small
vertebrate carcasses and preparing them as food for their young
(Scott 1998; Kalinová et al. 2009). Therefore, they are mostly
observed in succession experiments with small animal carcasses. Human cadavers are too big, so that N. vespilloides has,
so far, not been reported in real forensic cases. This is one of
the problems when succession studies are carried out with
small animal carcasses, it is only partially representative. Furthermore, succession studies are conducted in several different
places all worldwide which makes it difficult to compare them
and to use them in other places. To understand the local fauna,
it is strongly recommended to conduct such experiments and
to compare the results to the insects actually found on corpses
investigated in the local institute for forensic medicine.
There are also species that occur rather in indoor locations.
Specimens of the scuttle fly Megaselia scalaris (Diptera: Phoridae) are most often found on corpses lying indoors, as they are
very small and can enter even enclosed environments (Manlove
and Disney 2008). Also Fannia cannicularis is often found
indoors, its common name is little housefly. Fannia scalaris
occurs indoors whenever the circumstances are primitive and
neglected; as it is associated with lavatories and cesspits, it is
also called the latrine fly (Benecke and Lessig 2001).
To sum up, succession studies can be a useful tool to classify
species in their relation to certain decomposition stages

(a)
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although no clear cuts can be made from one stage to another.
Moreover, every succession study is highly dependent on the
habitat and microclimate. Nevertheless, it is important to know
the local fauna to be able to judge the entomological findings
in each individual case.

7.4.2 Blow flies and their behaviour
towards the carcass
Blow flies (Calliphoridae) are among the first species attracted
to the carcass and are therefore important for postmortem
interval determination. The decomposing material is a protein
source for themselves as well as breeding site for their progeny
(Lane 1975; Putmann 1977; Smith and Wall 1997). If a freshly
dead piglet is exposed in the open field the first blow flies arrive
within minutes. Two different behaviours of blow flies can be
observed: extending their proboscis to absorb liquid or extending their ovipositor at distinct regions to find a proper place to
oviposit (Fig. 7.33). If the pregnant blow fly finds a suitable
place it deposits its eggs in a clutch. After a few hours it can be
observed that blow flies prefer spots where eggs have already
been deposited to oviposit as well so that big egg aggregations
are formed (Browne et al. 1969). Also, it seems that blow flies
accumulate at convenient spots on the carcass (Fig. 7.34); accumulated flies act as an attractant for other flies (Norris 1965).
In general, blow flies try to find oviposition sites that offer the
best conditions for their progeny.

General lifecycle of blow flies
The development of blow flies includes four stages: egg stage,
larval stage, pupal stage and imago stage (Tao 1927). During
the larval stage, three instars can be defined: first, second and
third instar, where the latter is divided due to behavioural
changes in feeding and postfeeding larvae.
As the hatching first instar larvae can only feed on moist
tissue, the blow flies choose the body’s natural orifices or

(b)

Figure 7.33 Blow flies on carcass: (a) Extended proboscis of blow fly. (b) Extended ovipositor of blow fly.
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Figure 7.34 Blow flies forming aggregations on carcass to
oviposit.

wounds to oviposit. This ensures a food supply for the hatching
first instar larvae. The first three instars each undergo a moult
in order to reach the next developmental stage; the stages can
be distinguished by the number of respiratory slits at the posterior end of the larvae. The third instar stage lasts for longer
than the first two. The larvae feed on the substrate as third
instars, then leave the food source to find a suitable place for
pupation, entering the postfeeding stage (Arnott and Turner
2008). About one-third of the pre-adult development time is
spent in the postfeeding larval stage (Greenberg 1990). Then
pupation sets in and the imago develops within the pupal case
until eclosion (Lowne 1890). This last stage persists for about
half of the time of the total development. With hatching of the
adult flies the cycle is completed.

7.4.3 Collecting, storing and identification
of insects from a corpse
Collecting
It is very easy to collect the desired insect specimens from a
corpse. Any liquid safe container will do, additionally a pair of
tweezers and some ethanol (80%) or any other alcohol (60%
and above), a piece of paper and a pencil. For collecting the
insects from a body, one should decide for at least three areas
to collect from, for example head area, gentials and extremities.
Take three containers, three small pieces of paper and label
them properly with a pencil (only with a pencil, everything else
will wash off): date, time, collection area, initials and location
of the corpse during collection. Put the piece of paper inside
the container and approach the first collection area with the
correspoding container. Use the pair of tweezers to collect

larvae or crawling insects and put them in the container. You
should not fill the container more than half; instead of overloading a container prepare another one for the same collection
area. Try to collect insects of different sizes and stages and if
possible take rather more specimens than less. However, more
than approximately 100 specimens from one collection area are
not neccesary. Before closing the container, put ethanol inside
so that the container is filled completely.
If you want to make the collection process more advanced,
include one step in which you pour boiling water over the collected insects (Adams and Hall 2003), wait a few minutes,
dispose of the water and then add ethanol. This ensures that
the larvae are dead immediately after boiling, otherwise they
will survive a few hours within the alcohol and might blacken
over time due to internal decomposition proccesses.
However, if you are outside in the field, it is better to store
everything you collect in alcohol as soon as possible rather then
transporting it back to the lab alive.
If you can also manage to collect flying insects, you can
preserve them accordingly. Here it is even less important to
include the boiling water step.
Indoors as well as outdoors, it is important to search the
surroundings of the body, as the postfeeding larvae migrate
from the corpse to find a safe place for pupation. Indoors, one
should search under carpets, pillows, paper on the floor, behind
floorboards and so on. The larvae have a tendency to fall down
on purpose, so a hiding place on the floor is most likely. Outside,
it can be difficult to determine how far the migrating larvae
might have wandered, a search radius between 2 and 10 m is
recommended (Amendt et al. 2011).

Storing
The insects can be stored in ethanol for a long time. They do
not have to be stored in a cooler or freezer once they are preserved in alochol. If you have neither boiling water nor alcohol
try to store the insects as cool as possible until you can add
ethanol.

Identification of insects
Most important in forensic case work involving entomological
evidence is the identification of the insect species collected in
association with the corpse or its surroundings. Identification
of the insects is the foundation of all further estimations. One
quick and easy way is the morphological identification using
appropriate identification keys. The standard reference for the
identification of blow flies is the book Blowflies (Diptera, Calliphoridae) by K. Rognes (1991). Another standard reference is
A Manual of Forensic Entomology by K. G. V. Smith (1986): it
includes an identification key for adults and larvae associated
with carrion. The only equipment necessary for morphological
species determination is a dissecting microscope with a proper
light source. In general, it is easier to identify adult insect specimens than larval stages using their mophological features.
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However, it may be impossible to identify an insect by means
of its morphology for example due to damage; it might then be
possible to use molecular identification tools. To ensure correct
species identification, established molecular methods were
transferred to the forensic field (Sperling et al. 1994; Stevens
and Wall 1996, 1997; Wallman and Adams 1997; Benecke 1998).
Analysis of mitochondrial DNA (mtDNA) and particulary of
the cytochrome oxidase I (COI) gene appeared to be a useful
tool in species identification among the subfamilies of Calliphoridae (Harvey et al. 2003, 2008; Wallman et al. 2005; Wells
and Williams 2005; Wells et al. 2007; Reibe et al. 2009).
It is advisable to let someone with a strong background in
entomology perform identification. The molecular method can
be a reliable alternative to the morphological one but the latter
is cheaper, quicker and safer, if an expert performed it.

7.4.4 Estimation of postmortem interval
The term ‘postmortem interval’ can be misleading when using
it in combination with forensic entomology. With the help of
the age of insect larvae feeding on a corpse, it can be calculated
how long the corpse has been infested by insects. However, a
person can already be infested when he is still alive, for example
a neglected person with severe wounds on a smoker’s leg
(Benecke et al. 2004) or as reported from soldiers in the First
World War, wounds that would have led to amputation when
the blow fly larvae had not fed the necrotic tissue to clean the
wounds (Buechner 1965). In contrast, a person can be long
dead and the larval age can still be a few days, when the corpse
has been stored in a place with no access for the insects and has
been put outside just a few days prior to finding. Therefore, one
must take into account every aspect before giving a statement
about a postmortem interval. In the latter case, if the insect
evidence does not fit the decomposition stage of the corpse, the
police can use that additional piece of information about how
long the corpse has been available for insects. However, from
the insect evidence alone no information can be actually given
about the postmortem interval in the latter case. One always
has to be aware of the possible sources of error.
A postmortem interval estimation can be done by relating
certain species to decomposition stages in a timely manner, and
therefore achieve a rough idea about the colonisation time.
Another method is to calculate the age of, for example blow fly
larvae feeding on the corpse and thereby giving a minimum
time interval the person has been dead. This is only possible if
the calculation is done for larvae of the first colonisation wave.
If the lifecycle of the first larvae has already been completed and
the adult flies have started a new infestation of the corpse, it is
only safe to calculate the timespan for the first completed lifecycle. The biological basis for the calculation of the larval age
is their temperature-dependent development.
The larval growth rate depends on its body temperature,
which is directly influenced by environmental conditions as the
ambient temperature and the heat generated by maggot aggre-
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gations (Slone and Gruner 2007). Also, each species has its own
temperature-dependent growth rate.
Insects are poikilothermic organisms. Their body temperature changes with ambient temperature. The metabolic rate of
poikilotherm animals shows the same temperature dependency
as the reaction kinetics in a biochemical system: the rate of a
chemical reaction is increased twofold for each rise of 10°C
in temperature (van’t Hoff ’s reaction rate–temperature rule)
(Wehner and Gehring 1995). For insect development a relationship between ambient temperature and duration of developmental processes is long known.
There is a temperature zone where the development rate is
optimal; furthermore, temperature thresholds exist below or
above that optimum where no development will take place.
At the same time, the temperature regime of the time and
place of larval development has to be known. One method to
approximate the temperature is to record the temperature at
the desired place for a few days and compare them to data
recorded at the nearest weather station. A regression analysis is
applied to both data sets to get a formula that can then transform the data from the weather station covering the desired
time frame into the temperature values that most likely influenced the developing larvae. The second requirement for the
calculation of larval age beneath the temperature is the correct
identification of the species and the third is the determination
of the developmental progress. This means determination of
either the stage or the length of the maggots is required, depending on the reference data set and the method that is used for
the further calculation.
Before discussing calculating larval ages, the time span
between exposure of a corpse and infestation by insects should
be considered, as it has to be added to the larval age in order to
get a more precise result of the postmortem interval estimation.
Corpses in houses or apartments are frequently found in late
stages of decay infested by larvae of Calliphoridae, Phoridae,
Muscidae or Sarcophagidae (Reibe and Madea 2010b). Such
people are usually socially isolated, leading to delayed discovery
of their bodies (Archer et al. 2005). In such cases, a postmortem
interval determination is aggravated since it is unclear how
promptly the insects found the body and started laying eggs.
Bodies can be colonised by insects in several different locations
including poorly accessible environments (Goff 1991; Reibe
et al. 2008). To estimate the colonisation period, it is therefore
important to know how soon the insects can obtain access from
outdoors (Pohjoismäki et al. 2010; Reibe and Madea 2010a;
Anderson 2011).

Calculating larval age
Isomorphen/isomegalen diagram
In forensic casework, two different methods are frequently used
to calculate a postmortem interval. The first uses isomegalen or
isomorphen diagrams, by which the lengths or the developmental stage of the larvae are combined as a function of time
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and mean ambient temperature in a single diagram (Grassberger and Reiter 2001). According to its originators, this
method is optimal only if the body and therefore the larvae
were not undergoing fluctuating temperatures, for example in
an enclosed environment where the temperature was nearly
constant. Unfortunately, isomegalen and isomorphen diagrams
are not available for all forensic-relevant insect species.

Accumulated degree-days or -hours method
The second method of calculating a postmortem interval estimates the accumulated degree-days or -hours (ADD or ADH).
ADH values represent a certain number of ‘energy hours’ that
are necessary for the development of insect larvae. The degreeday or degree-hour concept assumes that the developmental
rate is proportional to the temperature within a certain speciesspecific temperature range (overview in Higley and Haskell
2009). However, the relationship of temperature and development rate (reciprocal of development time) is typically curvilinear at high and low temperatures and linear only in between,
which limits the use of the method.
The formula for calculating ADH is given as follows:
ADH = T(θ − θ0 )
where T is the development time (hours for ADH, days for
ADD), θ is the ambient temperature, and the minimum developmental threshold temperature θ0 is a species-specific value
(the so-called development zero), which is the x intercept (i.e.
an extrapolation of the linear approximation of the reciprocal
of time for development). This value has no biological meaning:
it is the mathematical consequence of using a linear regression
analysis (Higley and Haskell 2009).
One basic assumption for using the ADH/ADD method is
that the ADH or ADD value for completing a developmental
stage stays constant within certain temperature thresholds. For
example, a developmental duration for reaching a certain stage
in 14 days at 25°C results in 238 ADD when a base temperature
of 8°C is assumed. A developmental duration for the same
developmental stage of 19 days at 21°C results in 231 ADD, both
ADD values are in the same range. So the necessary amount of
‘energy hours’ to reach the specific developmental stage is equal,
whether it was 25°C or 21°C. With existing data for larval
development, one can calculate the ADH/ADD values needed
for certain stages to be completed and then easily calculate the
larval age in a real case.
The limits, however, of the ADH method lie within the temparature ranges when the reciprocal development is not linear
anymore. In these areas the basic condition for the method is
not fulfilled and the method should not be used.

Modelling insect development
A third approach to calculate larval age is to model larval development in dependency of temperature using more complex

assumptions than a linear relationship (Ikemoto and Takai
2000; Tarone and Foran 2008; Reibe et al. 2010). It is important
to sample large amounts of data the models can be based on to
find the best possible fit. Also, the results of the models should
be tested and compared to the conventional methods performing large screening experiments with dead piglets and known
postmortem intervals to determine the results’ reliabilty; especially when the latter is being used in real cases in court. It is
also important to include sources of error to make sure a standard error can be calculated to avoid pseudo-precise results.

7.4.5 Case reports
Case 1
In this case report the first developmental cycle of the blow fly
Lucilia sericata had been completed when the body was found.
Therefore, the calculation was based on another species, M.
scalaris, which is additionally known for being associated with
indoor bodies.

Finding situation
A woman was found dead in her apartment in January 2009.
She had not been seen for 40 days. She was lying on a mattress
on the floor. The window in the room was closed and the shutters were down. All other windows and shutters in the rest of
the flat were closed, apart from a tiny window in the bathroom.
Next to her several pills were found. She was clothed in a
T-shirt, thin capri-pants and woollen socks. Most of the body
was mummified, and the face was partially skeletonised (Fig.
7.35a, b).

Entomological evidence
Empty pupal cases of Lucilia sericata were found adhering to
the woollen socks. A live specimen of the beetle Necrobia rufipes
was crawling out of the clothes during autopsy. Dead adult
specimens were collected, as well as empty pupal cases of
Megaselia scalaris. When the abdominal cavity was opened,
thousands of larvae and pupae of M. scalaris were revealed (Fig.
7.35c, d).

Conclusion
The temperature in the room when the corpse was found was
21°C. It was assumed that the temperature remained almost
constant, as the windows were closed and the shutters were
down. Lucilia sericata takes 19 days to complete its lifecycle
(author’s own developmental data (Reibe); data of Grassberger
and Reiter (2001) suggest 16 days). Megaselia scalaris completes
development at a 12 : 12 photoperiod after about 37 days
(Trumble and Pienkowski 1979). Since the individual’s missing
period was about 40 days, postmortem interval determination
using developmental data of M. scalaris was much more accu-
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(a)

(b)

(c)

(d)

Figure 7.35 Case 1: (a, b) state of the corpse, (c) open abdominal cavity, (d) close-up inside abdominal cavity showing hundreds of
larvae and pupae of Megaselia scalaris.

rate than the postmortem interval calculated with data for L.
sericata. The missing interval will most likely be very close to
the real postmortem interval as a suicide note was found dated
shortly before Christmas.

Case 2
Finding situation
In September 2008, several body pieces were found in a treecovered area not far from the city centre of Bonn, Germany.
The first pieces brought to the Institute of Legal Medicine were
parts of the torso of a woman. When the parts were found they
were lying openly under large trees (Fig. 7.36a) but they were
brought to the Institute in a large plastic bag. Blow fly larvae
were already crawling out of the bag. The bag was opened on
3 September 2008 at approximately 4:00 p.m. (Fig. 7.36b). The
head was found 1 day later and more parts of the torso and the
legs were found 8 September 2008.
When the parts were found it was unclear who the body was
and if or how long the person was missing.

Entomological evidence
We identified three different species of the family of flies: Lucilia
caesar, Calliphora vicina and Sarcophaga sp. All three species
belong to the typically early visitors of corpses. Calliphora

vicina and L. caesar are additionally described as preferring
shadowy areas. Neither in the plastic bag nor on the body parts
nor at the finding site were pupal cases found.

Conclusion
For the larval age calculation we decided to use larvae of C.
vicina for two reasons. Firstly, we had generated our own developmental data for C. vicina originating from Bonn which is
always better than using data from other countries or climatic
regions. Secondly, we could use our own larval age calculator
(Reibe et al. 2010) in which we had already implemented the
data for C. vicina.
As temperature data, we used data from the Meterological
Institute of the University of Bonn. We did not apply a regression analysis because we had only the chance to collect reference
temperature data for 5 hours on one afternoon; this seemed to
be not enough for the regression analysis as the nightly temperatures differed greatly from the temperatures at daytime.
Instead, we set the error on the temperature data to 2°C as
we wanted to avoid a pseudo-precise result. The result for the
age calculation of the average 12-mm long larvae was 115 hours
±5 hours. That led to 29 August 2008 in the evening as a starting
point for oviposition of blow flies.
Due to the heavy dismembering of the body and the resulting amount of blood, it can be assumed that the blow flies were
highly stimulated to deposit their eggs.
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Figure 7.36 Case 2: (a) area where the torso of the body was found, (b) torso of the body packed in a plastic bag with several fly
larvae attached.

The identity of the woman was proven later via dental
records. She was a teacher reported missing in the week before
29 August 2008. In the week after the findings, a man was
arrested in the Netherlands who appeared covered in blood at
a doorstep of a family wanting to use the phone. He was disoriented and confessed to the police the murder of his German
girlfriend. He reported that on Friday 29 August 2008, he got
into a fight with his girlfriend and killed her inside her own
house with a knife and also started dismembering her. He
wanted to hide her body in the garden and started digging a
hole in the evening. The hole was already filled up after putting
the legs inside, so the offender decided to transport the rest of
the body parts to the nearby tree-covered area, where people
usually walk their dogs.
To sum up, the events started on the afternoon of 29 August
2008 and went on until the morning hours of 30 August 2008,
so the calculated larval age represents the real postmortem
interval very nicely.

7.5 Postmortem injuries
Michael Tsokos
Natural biological as well as artefactual changes that a human
body or its remains may undergo after death are complex and
mostly unpredictable since these phenomena are influenced by
a broad range of variables (Tsokos 2005). Postmortem artefacts
may mimic antemortem injuries for the unaware. Hence, the
wrong conclusions may lead the investigative inquiries into the
wrong direction, or, in the worst case, to a miscarriage of justice.
On the one hand, some postmortem changes may render a
careful external examination of a corpse difficult, for example,
putrefactive skin changes may conceal cutaneous injuries due

to external violence against the body before death. On the other
hand, when found in curious death scene scenarios, postmortem injuries due to animal depredation or following resuscitation procedures may be interpreted falsely (Tsokos et al. 1999;
Byard et al. 2002; Tsokos 2005).

7.5.1 Drying of mucosal surfaces and of
the eye after death
After death, postmortem evaporation of tissue fluids leads to
drying up of mucosal surfaces, for example, of the lips, the tip
of the tongue, the glans of the penis, the glans of the clitoris or
the pudendal lips, thus resulting in a hardened, light to dark
brownish appearance of the affected mucosa. A dark brownish,
sometimes blackish, appearance of parts of the tip of the tongue
due to postmortem desiccation should not be confused with an
epileptic tongue bite. Postmortem drying of mucosal surfaces
occurs more rapidly and is more pronounced under dry and
warm environmental conditions.
If the eyes remain open after death, the area of the sclera
exposed to air dries out, leaving a brownish-blackish, occasionally reddish band-like scleral desiccation zone (Fig. 7.37)
referred to as ‘tache noir’ in the European forensic literature.

7.5.2 Putrefactive changes that may
mimic antemortem injuries
Putrefaction is a common problem encountered in forensic
pathology that may result in considerable distortion and modification of tissues. After death, when homeostasis ceases, anaerobic bacteria (mostly Clostridia and Proteus species) migrate
from the gut into blood vessels and into tissue where they multiply and spread throughout the whole body.

CHAPTER 7   POSTMORTEM CHANGES AND TIME SINCE DEATH

Figure 7.37 Scleral desiccation. The area of the sclera exposed
to air has dried out, leaving a brownish-reddish band-like zone
that should not be confused with scleral haemorrhage.

Since open wounds are a portal of entry for microorganisms
from the outside environment, those people who die from
or with wounds that are wide open and extending far down
within the tissues and body cavities show accelerated rates of
putrefaction.
The characteristic bloating of a putrefied body as reflected
by swelling of the face, distension of the abdomen and distension of the penis and scrotum (Fig. 7.38a) is a result of bacterial
gas formation. On palpation, crepitus is often noticed. Differential diagnoses of putrefactive gas formation into tissues
include vital subcutaneous emphysema due to blunt impact
trauma, iatrogenic manipulation or tension pneumothorax.
Putrefactive skin changes may mask traumatic injuries and,
vice versa, a brownish-black discoloration of the skin as a result
of putrefaction may be misinterpreted as a sign of antemortem
injury. Especially in prolonged postmortem intervals, the manifestation of putrefaction can cause interpretational problems
when the skin of the deceased acquires a brownish-blackish
appearance that may conceal, for example, current marks,
defensive injuries or puncture marks (Fig. 7.38b). At later stages
of putrefaction, the neck and face may become grotesquely
bloated and gas formation within the pharynx and the floor of
the mouth can cause considerable protrusion of the tongue
(Fig. 7.38c) that should not be misinterpreted as projection of
the tongue due to upward pressure on larynx and root of the
tongue in cases of ligature strangulation or hanging.
The purging of putrefactive fluid from mouth and nostrils
(Fig. 7.38d, e) may be misinterpreted as effusion of blood due
to a violent mode of death. Purging of putrefactive fluid is the
result of an increase of intrathoracic pressure due to bacterial
gas formation within the thoracic cavities in putrefied bodies
leading to leakage of liquified tissue stained by haemolysis.
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When putrefactive fluid-filled skin blisters (Fig. 7.38f) are
torn open, usually following application of pressure of friction,
skin slippage (Fig. 7.38g) results.
Venous marbling, a branching outline of an arborescent
greenish-brownish pattern of the skin (Fig. 7.38h) due to
haemolysis in combination with postmortem bacterial invasion
of subcutaneous venous vessels, may appear occasionally as
bruising to the inexperienced (Fig. 7.38i, j).
Especially when circumscribed and not diffusely distributed
over the whole body surface, discolored areas of putrefaction
may be confused with bruises at any stage of the process of
putrefaction.
Unusual skin lesions caused by the disruption and dehiscence of healing surgical wounds can be created by putrefaction
and may mimic incised or stab wounds (Byard et al. 2005,
2006). This possibility should be considered especially when
symmetrical, cleanly incised wounds are found in a putrefied
body with bloating.

7.5.3 Maceration
The term maceration is strictly defined to sterile autolysis of an
unborn fetus that has died in utero enclosed within the amniotic cavity. Despite this fact, in some textbooks the term maceration is also used for skin slippage phenomena in putrefied
bodies. The most prominent finding is skin slippage with
underlying brownish-blackish discoloration of tissue. If the
amniotic cavity has been opened prior to the delivery of a
stillborn fetus, bacterial putrefaction will alter the morphological picture of maceration. The presence of maceration without
any putrefactive changes in a recently delivered child is indicative of stillbirth.

7.5.4 Postmortem injuries in bodies
recovered from water
In bodies recovered from water (and also those found in moist
environments), the skin of the hands and of the feet shows a
whitish discoloration of the epidermis associated with swelling,
wrinkling and skin detachment up to a glove-like peeling (Fig.
7.39a). The extent of this finding, referred to as washer-woman’s
skin, depends on the period of time a body was exposed to
water but is highly variable because of environmental factors
(especially water temperature: high water temperature leads to
acceleration of this phenomenon). The formation of washerwoman’s skin starts on the palms of the hands and feet where
the horny layer of the skin is thicker than anywhere else on
the body (Lunetta and Modell 2005). The finding of washerwoman’s skin is a pure postmortem phenomenon as a result of
soaking of the horny layer of the epidermis.
On bodies floating in water, ship’s propellers produce characteristic large, incised cuts lacking any adjacent soft tissue
haemorrhage (Fig. 7.39b). The decision whether or not such
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Figure 7.38 (a) Distension of the penis and scrotum
in a putrefied body. (b) Brownish-blackish
appearance of the skin that may mask traumatic
injuries such as current marks, defensive injuries or
puncture marks. (c) Postmortem protrusion of the
tongue due to putrefactive gas formation and
purging of putrefactive fluid from the nostrils.
(d) Postmortem purging of putrefactive fluid from
the mouth. (e) Purging of putrefactive fluid from
the mouth and nostrils that should not be
misinterpreted as effusion of blood due to a violent
mode of death. (f) Putrefactive fluid-filled skin
blisters. (g) Skin slippage in a putrefied body.
(h) Venous marbling. (i) Venous marbling that may
appear as bruising to the inexperienced. (j) Venous
marbling.
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Figure 7.39 (a) Washer-woman’s skin in a body
recovered from water. (b) Postmortem injury
following a cut from a ship’s propeller. (c) Wound of
postmortem origin in a body recovered from water.
Wounds, even those acquired antemortem, appear
bloodless when the body has spent a considerable
time span in water. (d) Postmortem floating injuries
on the face. (e) Postmortem floating injuries on the
face. (f) Postmortem floating injuries on the back
of the hand. (g) Postmortem injuries caused by
crustaceans in a body recovered from water.
(h) Postmortem injuries caused by crustaceans.
These wounds are typically oval to round, crater-like
and of varying size. (i) Facial postmortem injuries
caused by sea lice (Natatolana woodjonesi). Courtesy
of Professor Jules Kieser, Otago, New Zealand.
(j) Auricular postmortem defects caused by sea lice
(N. woodjonesi). Courtesy of Professor Jules Kieser,
Otago, New Zealand.

120

PART II   MEDICAL ASPECTS OF DEATH

wounds were actually sustained postmortem or while the
person was still alive is occasionally difficult since even vitally
acquired wounds appear bloodless when the body has spent a
considerable time span in water due to washing out of blood
from open wounds (Fig. 7.39c). The propellers of large vessels
may lead to amputation of limbs or even total dismemberment
of the body that has to be differentiated from such cases where
a body was thrown into water after mutilation and dismemberment in order to hide body parts and/or to make identification
more difficult (Lunetta and Modell 2005).
The common posture of bodies floating in water is in a
prone position with the head, hands and feet hanging downwards, so that the nose, forehead, knees, backs of the hands, tips
of the fingers and toes may sustain abrasions in shallow water
where these body parts come in contact with the bottom (Fig.
7.39d–f).
In drowning victims or people whose death led to their
deposition in water or when a body has been dumped in an
aquatic environment, postmortem artefacts on the body surface
due to aquatic living structures are often observed.
Depending on the given aquatic environment, a broad
variety of marine living structures is involved in tissue destruction of bodies recovered from water (Byard et al. 2002; Lunetta
and Modell 2005; Tsokos 2005). Crustaceans are considered
the most effective tissue removers in water, typically leaving
oval to round, crater-like dermal lesions of varying size (Fig.
7.39g, h).
Sea lice (Natatolana woodjonesi), approximately 2.5 cm long
isopods that live on the surface of sand in shallow waters, are
found in aquatic environments worldwide. They are active
swimmers when searching for food. Sea lice can reduce a dead
fish to a skeleton in a few hours. Sea lice may cause bizarre mutilation of submerged bodies (Byard et al. 2002) (Fig. 7.39i, j).
Although rarely observed in daily routine, starfish may be
responsible for superficial dermal haematomas found on bodies
recovered from water. These are caused by their peculiar feeding
mechanism, namely sucking. When inflicted in the early postmortem interval, these haematomas have been reported to be
easily mistaken for vitally sustained haematomas. When such
starfish-induced injuries are present upon a body that was
recovered from water or when starfish themselves are found
adhering to the corpse, this finding indicates that the body must
have been, at least for a short period of time, located at the
bottom of a body of water since starfish are not able to swim
and are only found at the bottom of their particular aquatic
living space.
Shark bites occur every so often in intact and fragmented
bodies found at sea. Shark bites tend to have cleanly incised
edges with significant loss of skin and underlying soft tissue.
The pattern of typical shark bites corresponding to the triangular shape of their teeth can often be clearly identified. If the
attack was not witnessed and only parts of the body are recovered, it is usually impossible to determine from the injuries
whether or not death was the result of the shark attack with
leaching of blood into water and bloodless appearance of the

Figure 7.40 Adipocere formation in a body recovered from
water.

wound or if the injuries merely represent postmortem feeding
on human remains (Byard et al. 2002).
Adipocere formation (Fig. 7.40), manifesting as a grey waxy
substance deriving from the body fat, alters both the surface of
the body as well as the postmortem injuries caused by marine
life forms (Lunetta and Modell 2005).

7.5.5 Postmortem injuries in fire victims
In burned bodies, morphological findings cover a broad spectrum, depending mainly on the temperature applied to the
body, the duration of exposure of the body to heat and if the
body is directly affected by open flames (Bohnert 2004). Artefactual changes in burned bodies may simulate antemortem
injuries, for example, epidural haematoma caused by the heat.
Heat-induced postmortem defects of the calvarium may be
misinterpreted as a gunshot exit wound. Cratering of the external table (‘external bevelling’) of flat bones such as the calvarium is a well-known phenomenon of gunshot exit wounds.
However, a similar finding with external bevelling can be
observed occasionally in charred bodies as a pure postmortem
injury (Bohnert et al. 1997; Hausmann and Betz 2002; Tsokos
2011) (Fig. 7.41a).
Skin splitting in burned bodies showing no signs of soot
deposits or other heat-mediated effects is another postmortem
injury seen in corpses recovered from fire scenes (Fig. 7.41b).
These skin splittings originate during the cooling process of the
body after the fire has stopped.
Heat-mediated changes mimicking washer-woman‘s skin
are another postmortem artefact in fire victims. Usually, washerwoman‘s skin is seen after prolonged exposure to water in
drowning deaths. However, corresponding skin changes with a
whitish discoloration and wrinkled detachment of the epidermis can also be found on the hands and feet in fire victims
(Bohnert and Pollak 2003).
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Figure 7.41 (a) External bevelling of the calvarium in a charred body. This is a pure postmortem artefact. Note that the excavation of
the outer table of the cranium shows no charring or soot deposits in contrast to the surrounding parts of the occipital bone, thus
indicating that the occipital defect occurred postmortem during the postmortem cooling process. (b) Postmortem skin splitting in a
burned body.

7.5.6 Postmortem animal depredation
Postmortem animal depredation is a substantial part of the
taphonomic processes a body undergoes after death. While the
occurrence and presentation of such injuries are well known to
forensic pathologists, the morphological appearance of these
injuries may be misinterpreted by police officers or members
of other investigating authorities.
Postmortem injuries may be inflicted by all kinds of animals
irrespective of their size or environmental origin either from
land, sea or air. The discrimination between antemortem injury
and postmortem injury generally presents no difficulties due to
the total absence of haemorrhage and reddening in the tissue
adjacent to the wound margins as well as the lack of any vital
reaction under the microscope in the latter cases. Low ambient
temperature has, in addition to slowing the onset and extent of
postmortem changes, considerable impact on a delayed manifestation of odour of the body thus making the human remains
less olfactorily absorbing for carnivores and rodents.
The most effective tissue removers are insects and rodents
(Patel 1994; Tsokos et al. 1999). Skin holes and soft tissue
defects, for example, made by maggots, especially when overlapped by tissue shrinkage due to mummification with resulting enlargement of the defects, can mimic gunshot wounds
or other mechanical tissue defects that were sustained before
death, for example, as a result of stabbing with sharp-pointed
instruments such as knives or scissors.
Skin and soft tissue artefacts caused by rodents may occur
as early as within the first hour postmortem (Tsokos et al.
1999). In the majority of injuries inflicted postmortem by
rodents, the wounds have a circular appearance and the wound
margins are finely serrated showing irregular edges (Fig. 7.42a–
c). Very small parallel series of cutaneous lacerations deriving
from the biting action of the upper and lower pairs of the

rodents incisors are diagnostic for rodent activity. However, the
determination of a distinct rodent species (e.g. rats, mice) solely
based on the morphological appearance of the damage to skin
and soft tissue is often unconvincing. The finding of rodent
excrement as the connecting link for the diagnosis of rodent
interference to human remains has been proposed, thus providing the possibility of distinguishing DNA sequences of the
animal itself from those of food residues of human origin (Höss
et al. 1992)
A broad range of carnivores can be involved in the postmortem destruction of corpses located in open spaces or indoors
(e.g. wild animals such as foxes and big cats or domestic animals
such as dogs and cats). The wound margins caused by carnivores often appear more regular than those caused by rodents
and V-shaped or rhomboid punctured wounds are often seen
upon the intact skin in the immediate vicinity to the actual
wound margins (Fig. 7.42e, f). Such stab wound-like defects
represent canine tooth marks of carnivore origin. An additional
criterion for animal depredation by carnivores is the presence
of claw-induced linear scratch-type abrasions in the vicinity of
the damaged skin areas (Fig. 7.42g).
Insects producing corrosive secretions (e.g. ants) may cause
postmortem skin lesions that, when located upon the neck, may
look like cutaneous marks due to manual strangulation (Fig.
7.42h). Cockroaches produce superficial dermal abrasions that
may mimic skin diseases. Injuries of cockroach origin are typically observed on body regions formerly protected by tunnellike layers of clothing such as the arms and legs (Fig. 7.43a).

7.5.7 Pseudoligature marks
In the obese deceased, wrinkling of the skin of the neck may
produce contact blanching of livor mortis (Fig. 7.43b) that
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should not be confused with ligature marks. The same phenomenon may be created by a tight collar of the clothes worn
at the time of death. In contrast to such pseudoligature marks
with transverse pale lines, true ligature marks have a brownishreddish appearance.

7.5.8 Vibices
Vibices are postmortem haemorrhages that are dot-shaped,
occasionally confluent and of bluish-blackish colour. They
result from postmortem hypostasis leading to mechanical

Figure 7.42 (a) Postmortem facial injuries inflicted
postmortem by rodents. (b) Postmortem injuries
inflicted postmortem by rodents. The wound margins
are finely serrated and show irregular edges.
(c) Postmortem injuries inflicted postmortem by
rodents. (d) Postmortem defects on the forearm
inflicted postmortem by rodents. (e) Postmortem
injuries inflicted postmortem by a domestic dog.
(f) Postmortem injuries inflicted postmortem by a
domestic dog. (g) Claw-induced linear scratch-type
abrasions in the vicinity of the damaged skin areas
due to postmortem animal interference by a
domestic dog. (h) Postmortem skin lesions caused
by ants.

rupture of subcutaneous smaller vessels in areas of postmortem
lividity due to pooling of erythrocytes in these vascular compartments under the influence of gravity during formation of
livor mortis. Vibices are most exclusively found in obese corpses.
In sparse livor mortis formation, for example, in the very old
or after considerable loss of blood prior to death, vibices are
usually absent. Vibices may be mistaken for true haemorrhages
or haematomas, respectively, or, on the thorax, may mimic
petechiae due to increased intrathoracic pressure. However, the
presence of vibices is always solely restricted to areas of postmortem lividity (Fig. 7.43c) which allows their correct interpretation as such.
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7.5.9 Postmortem injuries due to
handling, transportation and
storage of the body
Abrasions and lacerations upon the skin may be produced by
manipulation of the body during postmortem handling, transportation or storage (Rutty 2001). These postmortem injuries
are relatively easily distinguishable from vital injuries by their
light yellowish-brownish to golden, shiny appearance (Fig.
7.43d). These postmortem skin injuries result from loss of the
barrier function of the epidermal layer of the skin with subse-

Figure 7.43 (a) Postmortem skin lesions caused by
cockroaches. (b) Pseudoligature mark due to contact
blanching of livor mortis. (c) Vibices in livor mortis.
(d) Postmortem skin injury with the typical yellowishbrownish to golden, shiny appearance. (e) Leaking
out of gastric juice and bile postmortem. (f) Skin
lesions caused by external cardiopulmonary
resuscitation. (g) Defibrillation marks.

quent evaporation of tissue fluid. In doubtful cases, incision of
cutaneous injuries of postmortem origin will reveal a hardened,
slightly flattened area on cut sections without any haemorrhage
in the underlying soft tissue.

7.5.10 Postmortem injuries due
to embalming
Incisions made to aspirate body fluids and to instil embalming
fluid are typical findings on the outside of the body following
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embalming procedures. The metal trocar through which the
fluid is injected leaves puncture marks, depending in their size
and shape on the diameter and type of trocar, in the inner
organs such as the heart, liver, stomach and bowel.

resuscitation (CPR), external defibrillation, endotracheal intubation and cannulation of peripheral and central vessels for the
application of drugs. These resuscitation procedures may leave
a broad pattern of antemortem, perimortem and postmortem
injuries upon a deceased’s body (Buschmann and Tsokos 2009).
Frequent consequences of resuscitation attempts are retropharyngeal bleedings, tooth damage and lesions of the mucosa
of the larynx and trachea caused by intubation attempts. Fractures of the ribs and the sternum are the most frequent injuries
seen after unsuccessful resuscitation caused by CPR. These
injuries must be distinguished by the forensic pathologist
from other causes of chest wall trauma, for example attack or
accident.
Resuscitation-related injuries of the thorax wall are only
rarely observed in children because the infantile chest is of
higher elasticity than that of the elderly.
Bony chest injuries can be connected with superficial skin
lesions caused by external CPR in the sternal area (Fig. 7.43f).
Another frequent finding following unsuccessful resuscitation
attempts are dried-up cutaneous defibrillation marks upon the
chest (Fig. 7.43g). If ribs are fractured during resuscitation
measures (Fig. 7.44a), this can cause perforation of the heart
(Fig. 7.44b) with subsequent pericardial tamponade seen at
autopsy (Fig. 7.44c). In addition, cases of aortic rupture from
CPR, particularly located in the pars descendens, have been
described (Buschmann and Tsokos 2009).
As might be expected, visceral structures are less often
affected from resuscitation-related trauma than thoracic structures because mechanical resuscitation attempts focus prima-

7.5.11 Skin changes produced by
postmortem regurgitation of gastric
juice and postmortem urine leaking
Running out of gastric juice and bile during the handling or
transportation of the body (Fig. 7.43e) may produce postmortem skin alterations occasionally resembling those caused by
chemical agents containing corrosives.
Leaking out of urine postmortem may cause extensive skin
damage to an infant upon the perigenital skin areas. The same
is the case when the infant’s skin was in contact with a urinesoaked diaper postmortem. One has to be careful to differentiate these postmortem skin changes from vitally acquired
alterations and not to interpret them uncritically as signs of
neglect prior to death (Evans 2001). Histologically, no vital
reaction will be detected in such skin alterations.

7.5.12 Injuries due to resuscitation
procedures
Resuscitation attempts require invasive iatrogenic manipulations on the patient such as external external cardiopulmonary

(a)

(c)

(b)

(d)

Figure 7.44 (a) Rib fractures following
unsuccessful resuscitation measures.
(b) Rupture of the left atrium of the
heart following unsuccessful
resuscitation measures. (c) Pericardial
tamponade. (d) Liver ruptures following
forceful resuscitation procedures.
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Figure 7.45 Gastric air insufflation due to incorrect intubation.

rily on the heart and chest. However, upper belly organs such
as liver (Fig. 7.44d), stomach and spleen can be injured
(Buschmann and Tsokos 2009).
Incorrect intubation of the trachea with the endotracheal
tube inserted into the oesophagus may lead to air insufflation
into the stomach with subsequent gastric overstretching (Fig.
7.45), in the worst case followed by gastric rupture

7.6 The physician and the
crime scene
Gerhard Kernbach-Wighton

7.6.1 General aspects, tasks, initial
examinations and documentation
The doctor attending a scene of death may have resuscitation
as the first priority, but the role changes once death of a person
has been ascertained. However, attempts to preserve life take
precedence over concerns about preserving evidence. Once
death has occurred the doctor has to carry out official tasks
focused on an assessment of the manner of death. It has to be
kept in mind that except when there is evidence of the certain
signs of death, it can be quite difficult for the person who finds
a body to determine whether or not to commence resuscitation.
This applies especially to situations where prolonged resuscitation might be successful (e.g. after a recent drowning episode).
But it must be highlighted that seeing the body where it was
originally found bears numerous advantages regarding further
investigations. Furthermore, the police will be aware of these
advantages to be gained by asking the forensic pathologist to
come out to see any death about which the officers are not
entirely satisfied. Initially suspicious circumstances may be dispelled by the doctor as many natural deaths, accidents and
suicides may look suspicious to a police officer who has not
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encountered a similar case before. Attendance at the scene of
death enables the forensic pathologist to get a total picture of
the whole range of circumstances.
Based on the results of this initial examination, a decision
has to be made as to whether the person has died of natural
causes or whether there is any indication of foul play resulting
in reporting the death case to the police. In case of any signs of
an unnatural death, the doctor should postpone the detailed
examination of the body until the identification branch with
its crime scene investigators have arrived and documented the
original position of the body in its surroundings. The entry
route to the scene should be carefully considered and it might
also be necessary to use a protective tent to preserve evidence
outdoors. The forensic pathologist should have near prime
access to the scene of a suspicious death. Consequently, the
body should not be moved or touched by investigating police
officers until the pathologist arrives. The doctor at the scene
usually has the responsibility of moving the body in order to
look underneath at the previously covered surface. The only
officer who should have priority over the doctor is the photographer in order to record an initial impression of the locus. In
some cases it may be necessary to change the position of the
corpse, but of course, such changes should be exactly documented to avoid misleading alterations. Any unnecessary movements and so on must be avoided to minimise contamination
especially regarding DNA traces and fibre stains. Therefore,
wearing of appropriate protective suits, gloves and overshoes is
essential for all persons attending a death scene.
If a forensic pathologist is called to a death scene, concerns
about a natural death or the death case have usually already
been raised or branded as ‘suspicious’. If there are no initial
concerns, but concerns arise later, it is almost inevitable that
the opportunity to gather some vital information and clues
from examination of the scene have been lost. Due to this, the
investigating police officers may adopt a rather low threshold
for declaring a scene of death as ‘suspicious’, with the forensic
physician then being called upon to assist with the initial analysis. Further examination concentrates on the differentiation
between homicide, suicide, accident or even natural death
under unusual circumstances. Although a medicolegal examination concentrates on the body, the location and its close
surroundings, it is crucial to obtain as much information as
possible from the police investigations in order to have an
almost complete picture of all relevant aspects of the circumstances of death.
The tasks and duties of a forensic pathologist at a scene of
death comprises among others:
1. Confirmation that death has occurred.
2. Ascertainment of initial objective findings on the body
in order to assess cause and manner of death (homicide,
suicide, accident or natural causes) and the time of death
(recording both ambient and body temperature, the presence and extent of lividity and rigor mortis).
3. Documentation of the overall situation at the death scene
using diagrams and written records.
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4. Search for trace evidence and securing it (all interventions,
especially taking samples or moving the body need to be
recorded in detail).
5. Preliminary reconstruction of the course of events based
on objective findings and first witness statements.
6. Possibly examination of witnesses and suspects.
7. Monitoring the appropriate transport of the body to the
postmortem suite with the body being placed in a plastic
body bag with a complete zip.
The only way to conduct a thorough postmortem examination must include all reachable sources of information and
findings that regularly comprise an examination of the body
and its clothes and of the location including all possible items
being discussed as tools of crime. Special problems and tasks
for the physician at the death scene may arise from road traffic
accidents and accidents at work, bodies found in bath tubs and
falls from height. A complete pattern of traces may considerably
assist to reconstruct the chain of incidents leading to the death
of a person. The main function of the pathologist at the scene
is therefore to look and observe, making notes to document and
advising on taking photographs as appropriate; if not own photographs must be taken.

7.6.2 Possible health hazards at the
death scene
There exist a number of potential risks to the health of the
investigating team depending upon the nature of the scene and
its surroundings. The physician should identify possible health
and safety issues which might originate from infectious diseases
in connection with blood or other body fluid stains or sharp
and dangerous objects that may be hidden in the clothing of
the deceased (e.g. needles or weapons).
Bodies found in enclosed spaces can present a risk due to
the production or presence of noxious gas. The aftermath of
explosion and fires represents obvious dangers as well as death
cases due to electrocution at high voltage. Extreme risks at terrorist scenes include ‘booby traps’ and also possible exposure
to noxious chemical or biological substances.

7.6.3 Estimation of the time interval
since death
In certain death cases, it is necessary to conduct examinations
for the estimation of the time of death. This procedure is mainly
based on the deep rectal temperature (body core temperature)
according to proposals by Henssge (see Section 7.1.4). However,
there may be individual difficulties in taking the required temperature measurements from the body, for example when it
cannot be moved or turned due to identification branch measures being carried out. The decision as to whether or not it is
appropriate to record the rectal core temperature is usually

taken after discussion with the investigating team. This measurement is understandably avoided if there is any suspicion of
sexual assault. Non-invasive alternatives for measuring temperature include using the tympanic route.
A further problem may arise from conditions of the environment at the scene regarding obtaining the correct ambient temperature. If the body is discovered inside, doors or windows
may have been opened or closed without taking the initial air
and floor temperatures. Apart from the body core temperature
procedure, further results for the estimation of the time of
death can be obtained from the electrical excitability of facial
muscles, injection of drugs into the anterior eye chamber to
provoke a reaction of the pupil and by testing supravital signs
such as idiomuscular bulging. However, conducting the whole
range of tests may be impossible due to the situation at the
death scene, for example one with a possibly restricted access
to the corpse to avoid contamination, spatial restrictions at the
locus or poor lighting conditions. Summarising, a primary
assessment of possible injuries and crime tools involved, estimation of the time of death involving the degree of postmortem lividity and rigor mortis, supravital reactions and body
core temperature should be carried out prior to securing traces
on the body by the police identification branch in order to
achieve as much information as possible already in a very early
phase of the death investigation. Any delay has to be avoided as
this might considerably reduce the quality of important examination results. Furthermore, a delay may cause substantial
problems for the reconstruction of the state of the body at the
time of death if the period of time until the medicolegal examination carried out is unnecessarily long. Therefore, the forensic
pathologist should be called in as early as possible to avoid all
of these disadvantages.
It is self-evident that the forensic pathologist attending a
death scene should best carry a site of crime suitcase with her
or him containing all equipment required such as a calibrated
thermometer with different probes, electric device for muscular
stimulation, syringes and drugs to provoke pupillary reactions,
gloves, camera and forms for the appropriate documentation
of all results. Sometimes it is helpful to have vials to hand to
secure maggots, fibres or other items of relevance found on the
body or found close to it.

7.6.4 Securing stains and evidence at a
scene of death
Traces in the criminological meaning comprise all macromorphological and micromorphological objects and appearances
originating during the course of events and enable conclusions
to be drawn regarding the incident and its circumstances or
even the perpetrator. It is therefore the reconstruction which is
at the centre of all efforts on the analysis of traces at a death
scene. It may be a real challenge for the physician involved
in the procedures at a crime scene to discover valuable traces
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which might develop into objective evidence. It is necessary that
any evidential material is available in a sufficient amount and
good state of preservation. The value of traces may on the one
hand be limited by their size and condition and on the other
hand by the knowledge, intelligence, attention, individual skills,
carefulness and technical equipment of the physician examining a scene of death. The forensic pathologist should concentrate on biological traces such as blood, sperm, saliva, sweat,
human tissues, faeces and vomit. Securing traces such as fibres
usually requires a close cooperation between identification
branch and forensic physician. However, all biological traces
should be secured using equipment to keep the traces dry,
which requires the use of paper bags to transport blood stain
material, finger nail clips or blood-covered hair. It may also be
useful to take your own colour photographs with scale in addition to the photographic documentation carried out by the
police.
In case of violent crimes, multiple blood traces may be
present at the scene of death which might offer valuable information for the reconstruction of the course of events leading
to the violent death of an individual. There may be difficulties
regarding the selection of the most characteristic stains as it is
usually impossible to secure all the traces at a locus. The discovery of traces depends much on the lighting available at the
scene of death, and in certain cases it might be very helpful
to have so-called polylight devices to hand which offer light
of different wavelengths or to use chemical reagents such as
Luminol or others, resulting in fluorescence of blood traces.
Securing traces from a death scene always must avoid any contamination as far as possible, especially regarding DNA traces
with a recommended use of disposable equipment.
Extensive research has been carried out on the morphological analysis of blood stains. These can be differentiated as drips
(including ‘scalloped shapes’), flow stains, cast off stains, spatter
and high velocity stains as well as gushing or spurting stains
originating from arteries. Blood may also have been coughed
up or transferred by direct contact between a blood-covered
item and a wall. A detailed analysis of blood stains would have
to comprise among other shapes, accompanying drops and
droplets, height of fall and secondary drops in order to obtain
a complete pattern for reconstruction purposes. The examination of blood stains at a death scene should furthermore focus
on the following main points: origin of the blood found, distance between source and target, type and direction of blood
stains, possible movements of people involved, number of
blows or shots, and the position and movements of the victim.
Especially blood spatter may enable a reconstruction of the
course of events as the first blow cannot cause spatter due to
the initial lack of blood at this moment. High velocity stains
are usually only seen in connection with gunshot wounds and
road traffic accidents. Blood escaping from arteries often causes
special patterns due to the blood pressure changing periodically. Coughed up blood may contain considerable amounts of
bronchial epithelium. An analysis of blood-stained items in
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case of contact stains can help to reconstruct the course of a
crime, and may sometimes even represent the most important
evidence at a death scene for the solution of a case.
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Cremation

Claas T. Buschmann and Michael Tsokos

8.1 Short history of cremation
The burning of corpses is one of the oldest known ways to
dispose of human remains. Archaeological excavations indicate
that the first known cremations took place as early as 3000 BC
in Europe and the Middle East. In ancient times, the burning
of corpses in the open flames of a funeral pyre was the most
common method of interment, except for the Egyptians who
believed in the fire as an animal which they were not allowed
to feed by sacrificing corpses to it.
Also in ancient Greek and Rome, cremation was the most
common way to entomb, which later changed due to the spreading propagation of Christianity, because ‘man is made of earth
and shall turn to earth’ (1 Moses 2:7 and 1 Moses 3:19), and
earth interment was considered as an ideal mean to the end of
resurrection. Thus, during Christian medieval times, death by
burning at the stake and also cremation was reserved only for
miscreants such as heretics and witches – not only to bring
them to death by the ‘scavenging’ force of fire but also to prevent
them from resurrection. For faithful Christians, cremation was
strictly forbidden by death as ruled out by Charles the Great in
785 AD. It was not before 1886 that cremation was prohibited
again by the Catholic Church, and was to be punished with
excommunication. Even 1917 in the Codex Iuris Canonici, a
Catholic burial was to be neglected after cremation. Catholic
Christians are allowed to be cremated from 8 May 1963 by the
Catholic Church and until now, protestantic Christians prefer
cremation when compared to faithful Catholics (Matschke and
Tsokos 2000).

Handbook of Forensic Medicine, First Edition. Edited by Burkhard Madea.
© 2014 John Wiley & Sons, Ltd. Published 2014 by John Wiley & Sons, Ltd.

Nevertheless, renaissance of ancient cremation ideas started
as early as in medieval times due to slight but expanding negligence of Catholic theology (e.g. the Reformation period) and
severe pandemic issues (e.g. pestilence) and continued to grow
in the second half of the 19th century. As the traditional burning
of the corpse in the open flames of a funeral pyre was increasingly considered as being impious, the first incinerator in
Europe was built in 1876 in Milan, Italy, and the first crematorium in Germany was set up 1878 in Gotha, Thuringia (Holck
2005). At first, architects tried to avoid chimneys for the cremation buildings so that the optical appearance of the crematoria
as ‘factories’ would be avoided.

8.2 Cremation in the modern day
Cremation rates in Europe have constantly increased since the
beginning of the 20th century due to changes of sociocultural
and religious attitudes; it must not remain unmentioned in this
context that crematoria were also integral components of the
concentration camps of German National Socialism. Nowadays, there are more than 1000 crematories in Europe and in
2006, the total number of cremations in Europe was more than
1 500 000. Cremation is a trend that is expected to continue in
the near future. Currently, the cremation frequency throughout
the western world reaches approximately 85% of all burials in
larger cities since the commercial cremation process requires
fewer goods and service and virtually no associated long-term
maintenance. For surviving kin who bear the financial burden
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(a)

(b)

Figure 8.1 (a, b) Contemporary cremation of a body in different stages in the primary incinerator. Courtesy of Patrik Budenz.

of the funeral, the incineration of the relative might be the most
cost-effective and sometimes only choice.

8.3 Process of cremation and
modification of the corpse
during cremation
Modern crematoria are highly specified engineered buildings,
and incineration of a body occurs under controlled conditions
where the body is subjected to a continuous source of heat.
Although technical specifications may differ from crematory to
crematory, the incinerator usually consists of two chambers
heated by gas, electricity or oil, and is built of high-grade steel
plate, lined inside with heavy refractory tile or brick. The
primary incinerator operates at first at preheated temperatures
between 650 and 700°C before the casket with the body inside
is transported into the furnace via conveyor to prevent excessive
heat loss.
From the moment the casket is placed inside the primary
incinerator, an exothermal reaction occurs with a sharp increase
of the stove temperature, and the subsequent burning of the
casket and the body will initially increase a surplus of heat: the
casket is ignited by the heat-storing of the refractory lining of
the furnace and the heat generated by the combustion. Furthermore, the burning of the shroud and the casket brings the

amount of energy needed to keep the combustion going. The
fire is supported solely by supplying hot air during this phase
of the incineration which lasts about 40–50 minutes (Fig. 8.1a,
b). It ends with the blowing of the wood ash. Then gas burners
are engaged, and the stove temperature increases up to 1200°C
in order to incinerate not only the remaining ingredients but
also smoke and odour that emerge during the cremation
process.
Then the remains are automatically transferred to the second
incinerator (‘after-chamber’ or ‘afterburner chamber’) to cool
down. The whole cremation process takes about 90–120
minutes, depending on the given temperature, body mass,
water content of the body, sex, age and other factors, including
the presence of obesity or wasting diseases at death (Mayne
Correia 1997; DiMaio and DiMaio 2001; Prahlow 2010).
A study on the changes of the body occurring during cremation found that at temperatures between 670 and 810°C, after
20 minutes, the calvaria was defleshed and fissures of the
tabula externa were noticed. The body cavities burst open after
approximately 30 minutes, and after 40 minutes the internal
organs were severely shrunken while after 50 minutes the
extremities were destroyed. The shrunken and destroyed torso
broke apart after 60–90 minutes (Bohnert et al. 1998). Organs
and soft tissues are completely burned to fume and around 5%
of the body weight remains as ‘ashes’ consisting of small or
sometimes even larger calcined bone pieces, implanted structures and casket components.
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The unambiguous and individual assignment of the remains
is ensured by a fire-proof brick (ceramic plate mark) with a
number, placed before cremation on the coffin or the body as
well as the fact that the ovens in a crematorium are not designed
to burn more than one coffin at the same time. From the
remaining ‘ashes’, iron parts such as brackets of the coffin or
medical implants (staples, nails, screws, embolism filters, etc.)
are sorted out magnetically, and gold and titanium implants are
rejected before the subsequent crushing of remaining small
bone pieces in a ballot box filling machine. Processing of the
cremated bone pieces by mechanical or manual blunt force is
also possible and may enable the correlation between the
processing method used and the traces found on the cremated
und pulverised bone pieces.
The fine ‘ashes’ (actually burned and pulverised bone fragments of several millimetres) and the ceramic plate mark are
filled into a cinerary urn which is then sealed. Outside on the
cinerary urn the name of the crematory, the name of the
deceased and his or her birth, death and cremation date and
identification number are embossed.
During the cremation process, the pollutants emitted by the
combustion of organic matter with the presence of other trace
elements are combustion gases NOx, CO, SO2, and particulate
matter (solid particles suspended in a gas as a byproduct of
the combustion processes), heavy metals and polychlorinated
dibenzo-p-dioxins and dibenzofurans. Compared to emissions
from other emission sources such as factories or waste incinerators (municipal, hazardous and medical), emissions from crematories are significantly lower and generally non-threatening
to the environment, but cremation-related emissions of mercury
should not be underestimated: mercury is unstable at cremation temperatures and free mercury metal is highly volatile. The
average human body contains approximately 6 mg of mercury
due to incorporation during lifetime. As a further source of
mercury, teeth fillings with dental amalgam usually contain
more than 0.5 g of mercury. Studies have found as much as
200 μg/m3 of mercury are being emitted during the cremation
process of one human body with dental amalgam fillings: this
reaches the accepted level of mercury emission (Mari and
Domingo 2010). Another potential environmental limitation
exists for corpses that are contaminated with radioactive substances. These bodies should not be cremated as radioactive
nuclides can spread after incineration along with the fumes.
Although waste gases from the muffle are transported via the
firing chamber and the recuperator and are subsequently purified by chemical or electric filters, radioactive nuclides can pass
these filters. Furthermore, radioactive ‘ashes’ pose several problems of disposal (Aggrawal 2005).

8.4 Remnants of cremation
As explained, remnants of cremation are only ‘ashes’ (actually
burned and pulverised bone fragments of several millimetres);

various implanted structures, such as dental restoration or
orthopaedic hardware that are not burned but removed before
further processing of the ashes, may allow identification after
the cremation process (Baldwin and May 2005). While current
cremation methods leave only crushed ‘cremains’ without any
visible bone or teeth structures, older cremation procedures
which operate at lower temperatures may leave fragments of
calcined bones or teeth which can then be subject to forensic
anthropological examination. Nevertheless, also currently cremated and processed ‘cremained’ human ‘ashes’ may potentially
exhibit a composition comparable to human bones when analysed by particle-induced X-ray. Also, examination of the ‘cremains’ by means of thermogravimetry or electron microscopy
can be successful. Incinerated teeth change morphologically as
the enamel and coronal dentin quickly dehydrates, the tooth
structure is splintered off and the residual root structure
appears chalky and extremely brittle. Nevertheless, postincineration radiographs indicate that the teeth maintain their radicular structure and the obturation materials contained within
the teeth are not pulverised. In cases of cremated and subsequently processed teeth with restorative resins, usage of X-ray
fluorescence analysis as a tool in forensic odontology may also
allow identification, emphasising the significance of the role of
restorative resins for identification purposes, even after the
extreme circumstances of incineration (Bush et al. 2007; Bonavilla et al. 2008; Schultz et al. 2008). Altogether, the analysis of
cremated human remains is difficult, not always promising and
requires an interdisciplinary approach of at least forensic scientists, anthropologists and forensic odontologists.

8.5 Conclusions
The cremation of a human body is a highly reductive taphonomic process that represents one of the most extreme examples of postmortem alteration. The thorough reduction and
fragmentation of cremated human remains often leaves only
little biological evidence of diagnostic value and among the
three most common ways to entomb human remains – earth
interment, burial at sea, and cremation (incineration) – cremation poses the most difficulties to forensic practitioners because
the body itself as evidence is completely lost.
This fact led to the statutory practice of a second external
examination of corpses before cremation in Germany. For
example, as early as 1934, German law provided that a second
external examination before cremation is mandatory to ensure
that evidence specifically for an uncertain or non-natural
manner of death can be examined by the investigating authorities. This procedure is still scheduled in German Federal Law
in 15 federal states (except for the state of Bavaria), leading to
detection of unnatural causes of death (including manslaughter
and homicide) in approximately 1% of cases by external examination before cremation. This ‘second look’ is carried out by
forensic pathologists in the crematorium (Fig. 8.2). After scru-
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Figure 8.2 Examination room at a crematory; findings at external examination before cremation must apply to the death certification.

tinizing the death certification, a systematic external examination of the body is conducted. Medicolegal diagnosis from the
external examination must not contradict the cause and manner
of death given on the death certification. If a dissent is found,
cremation is not performed and the investigation authorities
will be made aware of the diagnosis found at the external examination and the circumstances of the case by the forensic practitioner. Usually, the public prosecutor then orders a medicolegal
autopsy to clarify cause, manner and circumstances of death.
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Autopsy
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Garyfalia Ampanozi and Michael J. Thali

9.1 Introduction
Peter J. T. Knudsen and Jørgen L. Thomsen
It is only quite recently that the autopsy has gained widespread
use. The present technique was in many respects produced and
developed in 19th-century Germany. As the autopsy was from
the beginning seen as a tool in the development and the investigation of disease processes, it took a turn towards the upholding of justice during the second half of the 20th century. The
forensic autopsy is now known from in the media as a tool to
give justice to the individual. The Western idea of the importance of the rights of the individual is reflected in the fact that
the number of medicolegal autopsies worldwide have increased
tremendously during the last 50 years. Everybody is aware that
if an autopsy has not been performed, the cause of death and
manner of death are only established with much uncertainty.
Forensic activity at an international level has proven the
autopsy to be an efficient tool for the documentation of physical violence committed by individuals, gangs or even the
authorities such as the military or the police. The result of an
autopsy has a high level of truth as it is a physical documentation not leaving too much room for individual interpretations.
It is furthermore easy to document the lesions using photography, scanning, X-ray or histology. The medicolegal autopsy is
applied in even more countries as an indispensable examination in the case of suspicious death. This will guarantee the
right of the deceased to have the truth told. It will also help in
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the punishment of perpetrators and hopefully in the prevention
of further crimes. The medicolegal autopsy also has a research
potential as many cases of interest to society are examined by
the forensic expert who will achieve an overview of a lot of case
categories, such as sudden unexpected death, intoxications,
road traffic accidents, child abuse, battered women, homicides,
various types of accidents, occupational disease and work accidents amongst others. It is an obvious obligation for the forensic expert to use the knowledge to publicise the observations
and thus inform society of possible preventive measures.
Clinical autopsies have a multitude of inherent benefits. New
diseases are discovered, the statistics concerning cause of death
and the spectre of disease will find a sound basis in the autopsy;
clinicians will be able to adjust their diagnoses and treatment
when they are faced with disease processes, and autopsies also
give an opportunity for clinicians to develop new techniques
such as angiography. The surgeon may practise operational
skills, including trying new operations on corpses before live
patients. The clinical autopsy will also give an opportunity to
explore disease processes macroscopically and microscopically,
and surgical pathology has developed a multitude of new
methods, including histochemistry and molecular genetics. In
some countries, the number of autopsies is decreasing, especially if the relatives are asked for permission. In such cases, the
relatives will often fail to see the importance for society and will
feel a need to protect the deceased. This is an unfortunate
development, and there is a need to promote understanding of
the benefits of autopsies. In case of a suspected crime, the rela-
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Figure 9.1 The autopsy room showing the unitary table design combining evisceration and dissection areas, and spacious and abundant
daylight from high windows (not shown).

tives usually do not have much possibility of hindering a medicolegal autopsy. Therefore, the medicolegal autopsies are stable
or increasing in number in most countries.
Autopsies may be divided into forensic and clinical autopsies, the latter also known as hospital autopsies. They may be
very similar in principle, but the emphasis is different. The
forensic autopsy must serve the needs of the judicial system
with a special view to penal or insurance purposes while the
clinical autopsy aims at demonstrating the diagnosis and treatment offered to the patient, whether in hospital or in the clinic
of the general practitioner (Fig. 9.1).
Before any autopsy, be it forensic or clinical, death must be
established with certainty, and in most countries a death certificate must be presented to the pathologist. The determination
of death is regulated by law and differs from country to country.
In addition, most countries have different procedures to handle
the deaths that may end up with either a forensic or clinical
autopsy. Common for the two is that the identity of the deceased
must be ascertained, if that is not indeed the purpose of the
autopsy, and the cause of death and the manner of death must
be established, again this may be the purpose of an autopsy.
The examination of the deceased is variously described in
different countries, in the Nordic and Germanic countries the
words ‘sighting of the body’ – ligsyn, Leichenschau – are used,
to differentiate from the terms used for the autopsy. In cases
that do not require the attention of the judicial system, it is
performed by the attending physician or general practitioner
while deaths that merit the closer attention of the police will
usually be performed by specialists, such as the district medical

officer, a forensic pathologist or in the Anglo-Saxon countries
and their former colonies by the ancient system of the coroner.
Common to both is that the physician must not have any family
or similar close relation to the deceased since this might raise
questions of impartiality.
The demonstration of the signs of death is similar in the two
different groups of deaths, but the question of the identity
differs. When patients die in hospital or when the GP is called
to the deathbed of a patient he or she has known for years, the
identity of the deceased is seldom in question. The opposite is
true when the District Medical Officer (DMO) or coroner is
called to service. He or she cannot be expected to know the
deceased so in this case the responsibility for the identification
of the body rests with the police. If they are in doubt, they may
request the assistance of the forensic pathologist, odontologist
and so on, and so identification becomes one of the reasons for
performing the autopsy, in this case a forensic autopsy.
The hospital physician or the GP will know the deceased
well and there will be no reason to perform the meticulous
external examination used in the case of suspicious deaths by
the DMO or coroner. It suffices in most cases to demonstrate
the signs of death such as rigor and/or lividity. Conversely, the
DMO or coroner will have no knowledge at all of the deceased
and must therefore devote the necessary time to study police
reports, medical records and so on, before beginning the meticulous external examination of the body. The DMO will in particular look for signs of trauma or disease. An examination of
the eyes, conjunctivae and eyelids, as well as the mucous membranes of the mouth, is obligatory to rule out strangulation.
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The complete body, front and back as well as all the natural
orifices are inspected.
The death certificate is an integral part of the examination
as it forms the legal documentation of death and may be used
in a court of law. From the point of view of the police, the
manner of death is by far the most important factor. If it is a
natural death, the police will not care very much if the cause of
death is pulmonary embolism or coronary thrombosis, no
matter how relevant it may seem for the attending physician,
unless there is a question of suspected medical malpractice.
While the suspicion of homicide will most everywhere lead to
a forensic autopsy, the practice in the other manners of death
differs very much from country to country. In countries such
as Denmark, the progression from inspection to autopsy is
strictly governed by the police so obvious suicides – which are
of no interest to the police – will not lead to an autopsy. Similarly, the police will not request autopsy in cases of accidents
where no one may be blamed, and there is thus no legal action
needed. This is in contrast to the Nordic countries where both
manners of death will require a forensic autopsy in nearly all
cases. No hard and fast rule can be given. Readers must investigate the rules of their country for specific information.

9.2 Medicolegal autopsy
Peter J. T. Knudsen and Jørgen L. Thomsen
A forensic autopsy is normally requested by the police, the
coroner or in the Latin countries by that quaint institution ‘the
Investigating Judge’. They may in some countries be requested
by insurance companies as well. They are an important part of
the police investigation of suspicious deaths. Such deaths must
be reported by the physician attending the death according to
the local rules and regulations. In Denmark, for example, all
deaths that may be caused by a criminal act (homicide), accidents and suicides, people found dead unattended, sudden
unexpected deaths, deaths due to occupational disease, deaths
due to suspected medical malpractice and deaths in prisons and
so on, must be reported to the police. They will then decide if
an examination by the DMO and the police is warranted, and
will in return decide if a forensic autopsy is necessary. Apart
from deaths due to occupational diseases, where the State
Occupational Disease Office requests autopsies, the police have
the right of decision.
The Danish Health Act requires a forensic autopsy if the
death is or is suspected to be due to a criminal act, if the manner
of death is not established by the DMO and police or if the
cause of death is not established and the autopsy is deemed
necessary from the judicial point of view. In some medical
conditions, a forensic autopsy is mandatory, such as in drug
addicts.
A harmonisation of forensic autopsies in European countries has been proposed (Council of Europe 2000). The rules
for forensic autopsies are governed differently in different

countries: in Denmark, the Ministry of Justice issued a recommendation in 1995 concerning the performance of forensic
autopsies, and this recommendation, written by a committee
composed of the three professors of forensic medicine among
others, is strictly adhered to. The description below is to a large
extent based on this work, with the addition of special procedures and the development of new techniques. The recommendations also contain a proposal for a unified autopsy report,
and this is followed by the institutes as well, with the inevitable
variation due to tradition.

9.2.1 External examination
The external examination is an important part of the medicolegal autopsy procedure. The findings are often crucial to the
solution of the case and require great care, sense of detail and
a thorough documentation.

Clothing
The clothes and their condition may yield important information that may explain what happened in the particular case.
When handling an unidentified body, details of the clothes, size,
colour, make and logos may contribute to the identification
although it will rarely be enough to make the final decision.
Note must be made of the fit of the clothes, and special note
must be made of well-known irregularities of clothing, such as
the open fly buttons in drowned sailors falling overboard while
relieving themselves.
In the case of violent death and when there is a suspicion of
foul play, a detailed examination is necessary. This will often be
supplemented by the examination in the police technical laboratory. In some cases, such as gunshot deaths, the finding of
powder residue may decide the estimation of range, or in stab
wounds, the clothes may give evidence that may lead to the
correct answer, or when neglected, may unnecessarily lead the
investigators down the wrong track.
The clothing must be removed with care, avoiding contamination from the surroundings or by the investigators. It must
be removed intact and if it has been torn by, for example, emergency room personnel during attempts at resuscitation, such
tears must be recorded. All traces of foreign bodies, dirt, hairs
and fibres, insects, blood or semen, particles of paint, tears or
holes must be described in detail and photographed. Use of
ultraviolet light may in some cases reveal invisible stains.
There will usually be police technical staff at the scene, and
they will, when necessary, collect evidence and make the photographic documentation. The corpse is photographed fully
dressed and subsequently photographed as each piece of clothing is removed. Clothing, valuables and personal effects will
undergo a more thorough examination in the police laboratory,
but this must not tempt the pathologist to neglect his or her
own appraisal of the material. If the clothing and effects are
retained by the mortuary staff for later delivery to the relatives,
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these must be carefully documented, preferably with photos so
that there will be no reason to doubt either the chain of custody
or the honesty of the staff.

State of the corpse
The standard description of the corpse will always contain
information of sex, estimated age if not known, height and
weight, and race or colour of the skin. Furthermore, the site of
lividity, vibices and notable colour changes such as the cherryred lividity in carbon monoxide poisoning. Postmortem rigor
is verified by flexing and extending some of the larger joints.
Some other postmortem changes may contribute to the establishment of the time of death, such as the discoloration of
the skin, bullae with discoloured contents, a reticular pattern
of cutaneous veins, greenish discoloration of the skin of the
abdomen and so on. The body temperature will rarely be of any
use for this purpose at the time of the autopsy since the difference between the core temperature of the corpse and the
ambient temperature will have disappeared in about 24 hours
after death. With the exception of emergency homicide autopsies, we are rarely able to perform autopsies sooner than that.

Special identifying features
Naevi, tattoos, scars, deformities, length and colour of the hair,
colour of the eyes, dentures, contact lenses and so on, may
contribute to the identification of an unidentified corpse and
must be carefully recorded. This information may also unexpectedly be of use in a later criminal investigation. When
recording the identifying features of an unidentified body, particularly in a mass casualty situation, special forms are used, the
best known being the Interpol Disaster Victim Identification
Forms (Interpol 2013). The most important information collected in the autopsy room to be used in an identification situation is the dental status. While the pathologist and the autopsy
room technician will assist in the registration of the dental
status, the forensic odontologist will be called in to perform this
procedure.
In the case of hospital deaths or death after medical intervention, be it as a complication to a therapeutic or diagnostic
intervention or after resuscitative measures have been unsuccessful, all medical equipment that has been used in the patient,
such as catheters, intravenous drips, tracheal tubes, pacemakers
and so on, must not be removed before the autopsy. This must
be impressed on the hospital staff which will often make an
effort to make the patient as presentable as possible before
being shown to the relatives, but crucial evidence may otherwise be lost this way. There must be a detailed description of
all medical equipment attached to the patient at autopsy,
including the way it has been applied. Puncture wounds, bandages, skin damage and so on, which may have been caused by
the medical intervention, must be distinguished from injury
and manipulation performed at an earlier occasion. It is particularly important to note the position of the tracheal tube in
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case of death under anaesthesia, in the trachea or unintentionally in the oesophagus.

External lesions
All lesions must be described carefully and in great detail. They
must be photographed and/or sketched on a preprinted form,
the latter being particularly useful in court where the photographs may be frightening to the layperson and yielding little
information except to the experts. The site, size, direction and
details concerning the edge and depth must be recorded. If
there are multiple lesions, numbering will be useful, and it will
be most convenient if the numbering in the text is the same as
the numbering in the accompanying photographs.
In case of gunshot wounds it is important to describe
changes around the skin lesion, particularly the gunshot residue,
if any. When there is more than one wound channel, a probe
can be used to illustrate the direction of the shot, but this procedure must never be used until the whole wound channel has
been explored. Introducing a probe blindly into a wound will
in many cases create a via falsa that may confuse more than it
enlightens. It may be difficult to determine the direction of the
shot in non-perforating gunshot wounds into body cavities
such as the pleura or abdomen because of the short wound
channel before the bullet disappears into the cavity. While it
may be very difficult to establish the range from bullet wounds
from pistols and rifles, it can be ascertained much more easily
in shotgun wounds. The pathologist will provide precise data
of the distribution of the pellets, and the police ballisticians will
then be able to recreate the shot using the same weapon, the
same ammunition and the same barrel in case of twin or triple
barrelled shotguns. This is specialist work for the police, but the
experienced pathologist may often be able to give an indication
of range and type of weapon. Only by working closely with the
police ballistic laboratory, will it be possible to contribute qualified information.

Conduct of the external examination
The external examination should be conducted in a systematic
fashion, starting with the hair of the head and ending with the
soles of the feet. Lesions should be described with reference to
relevant points of location such as the distance from the centre
line of the body or the sole of the foot or the distance to welldefined anatomical landmarks such as the jugular incisure.
Haemorrhage from the external orifices, the mouth, nose
and ears must be registered. The lips may be swollen and
may contain mucosal lesions with haemorrhage which may be
easily overlooked if one does not take particular care. Foreign
bodies in the mouth, such as residue of edibles, may be a terminal phenomenon, but may also indicate aspiration. Puncture
marks, be they the result of medical treatment or self-inflicted
must be noted. Such marks are usually found in the regions of
the elbows, hands or feet, but are also often found in the
inguinal regions or on the side of the neck. If blood can be
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squeezed out from such a wound, it is probably recent, but it is
advisable to make an incision and dissect the vessel to be completely certain. Older puncture marks are often surrounded by
a discoloration of the skin and a hardening, sometimes with
distinct scar tissue. This is a common finding in drug addicts.
Piercings are also found regularly among the younger population, particularly in the face, ears and nipples, but are also
seen in the genitalia. The piercings may be useful when identifying a corpse with unknown identity. When examining the eyes
it is essential to confirm or exclude the presence of petechiae
which may indicate strangulation in one of the forms this may
take. The petechiae may vary in number and intensity, from few
discrete ones to prominent haemorrhages that may be confluent at times. Petechiae must also be sought in the skin of the
face, on the eyelids or in the mouth. A similar investigation
must be performed on the neck to make sure that excoriations,
nail marks or haemorrhages are not overlooked.

Head
The examination of the head will begin with an overview of the
anatomy, noting any asymmetries of the bony structures, after
which a careful study of the details of the head begins. Traditionally and logically, the hair or lack of hair is first described,
the length, curvature and the distribution, noting if there is
balding, and if so, which type. The colour of the hair is a less
reliable parameter, dying of the hair being the norm among
women and now often seen among men as well. If a description
is necessary for identification purposes, care must be taken to
know the antemortem information of colour and length as
recent as possible to minimise the risk of confusion. The hair
must be examined for stains and foreign bodies, and blood
spatter must be described with the hair in the position most
likely at the time of staining.
The hairy covering of the head, the beard, moustache or
other facial hair may be quite distinctive, but is also subject to
change in size, shape and colour.
Having described the hair, the skin covered by hair and
covering the skull must be searched for lesions and identifying
features such as tumours and scars. It must be accepted that
this may be difficult. Lesions with significant bleeding into the
tissues may only be recognised when looking at the galea from
the inside, and may then be identified in the skin. If there is any
significant swelling such as a haematoma, the pre-autopsy computed tomography (CT) scan of the head may give a clue to the
origin.
One should continue in a methodical fashion with the forehead, the cheeks and the skin covering the mandible as well as
the skin of the front and back of the neck. Apart from the usual
subjects for examination one should note the presence or
absence of petechial haemorrhages behind the ears.
The eyes should be examined starting with the eyelids where
petechiae are looked for on the outside as well as the inside of
the eyelids. The upper eyelids should be double twitched to
make sure that the entire mucous membrane is examined, at

the same time looking for petechiae in the conjunctiva. The
colour of the conjunctiva should be noted, icterus often being
seen here. Beware of the possibility of an artificial eye which
may look deceptively natural, but which will be revealed by
touch.
The nose is often the subject of blunt injury, the symmetry
should be observed and palpatory fractures should be found at
this time. For identification any special features of the nose
should be noted, size, colour, tumours and signs of disease.
Piercing of the nose is common in teenagers or young adults.
The mouth may be divided into the lips, the buccal cavities,
the teeth and the oral cavity which may or may not be described
with the internal organs, according to the routine of the institute. The lips are covered with skin and mucous membranes
and are as prone to blunt injury as is the nose. Penetrating
wounds of the lips from the teeth may be seen. The colour of
the lips is of little value; they are much influenced by congestion
and will in women often be covered by lipstick of the most
variable colours. The inside of the lips should be checked for
lesions and particularly the upper and the lower lip bands are
subject to tears in blunt injury such as is seen in fist fights and
child abuse. The teeth must be given a preliminary examination
stating the number of teeth present, the state of the teeth and
if major prosthetic work has been performed. A general description will suffice, any closer examination should be left to the
forensic odontologist, and the wait is well worth it, considering
the much better information that will result.
The tongue is usually described with the internal organs, but
since it is usually divided at the tongue band it is wise to have
a look during the external examination since the evisceration
may conceal evidence of injury.

Neck
Injury to the neck, particularly in connection with suffocation
in its various forms is so prominent in forensic pathology that
particular attention must be paid to this region. The marks and
injuries in suffocation and particularly in strangulation will be
dealt with in another chapter, but since it is during the external
examination that suspicion may arise of such a mechanism of
death, they shall be described in general terms.
Injury to the neck may leave finger marks, nail marks and
strangulation marks. Finger marks are prominent in manual
strangulation and will usually be placed on the sides of the
neck, their number and distribution may give a clue to the
position of the hands of the assailant and must therefore be
described and photographed in detail. A drawing will be useful.
Nail marks may originate from the victim as well as the assailant, the former while trying to ward off the attack. Nail marks
from the victim are also seen in ligature strangulation when the
victim tries to ease the pressure from the ligature.
In cases of typical hanging, the suspension mark is located
high on the neck, usually above the level of the larynx (‘Adam’s
apple’), continuous in the front, but after creating a figure of
an inverted V in the back of the neck, interrupted at the site of
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the noose. In atypical hanging, the V will be on the side of the
head. There is typically only one linear mark in hanging; multiple marks must give rise to suspicion that what appears to be
a suicidal hanging may actually be an attempt to cover up
murder by ligature strangulation. The mark in a case of a typical
hanging will have no or only minute vital reaction since the
circulation is effectively stopped immediately when the noose
has been tightened. There are also no or very few petechial
haemorrhages.
In ligature strangulation, there is a much wider variation in
the lesions. The ligatures may be of different thickness from the
piano-wire type in a torture scenario to the broad scarves used
in impulsive murders in the family or among acquaintances.
The mark may be single or quite often double or more when
the assailant winds it several times around the neck. Since it is
difficult to produce an instantaneous stop of the circulation,
petechiae are prominent, and many petechiae in a case claimed
to be suicidal hanging should cause suspicion of foul play.
Evidence of treatment such as indwelling catheters in the
cervical veins have hopefully been left in place by the nursing
staff, and they should not be removed until the internal examination has verified that they were placed correctly.

Thorax
The thorax, due to its size, is the site of numerous lesions in
cases of blunt as well as sharp violence, including gunshot
wounds, but it may also be the site of disease. The first consideration is the shape of the thorax, whether it is barrel shaped
as in chronic obstructive lung disease or excavated as in congenital disease. The stability of the thoracic cage must be tested;
considerable thoracic injury may be hidden under a seemingly
normal surface. The skin covering the thorax may show evidence of disease in the shape of scars, pigmentation and cutaneous tumours. If fat embolism is suspected, the axilla is searched
for petechiae. Self-inflicted injury will often be seen on the
thorax in addition to the arms and legs, typically within reach
of the victim themselves. Pacemakers are usually implanted on
the upper left quadrant. The removal must be noted in the
autopsy report. The breasts must be routinely palpated for
tumours and haematomas.
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External genitalia
The external genitalia are searched for evidence of trauma. The
urethra may be catheterised to make sure that urine is collected
for analysis, and diseases such as hydrocele and varicocele testis
are noted. Hernias must also be looked for since a strangulated
hernia may cause ileus. If there is a suspicion of sexual assault,
sampling from the vagina, rectum and mouth must be done at
the earliest occasion, even when a special examination of the
genital organs is planned (see Sexual trauma, Section 9.2.3).

Back
While the front of the torso is usually divided into thorax and
abdomen, the back is more conveniently treated as a whole.
When inspecting the back, evidence of congenital or acquired
spinal malformations may be visible. The back will usually
present the best view of the lividity, and its disposition must be
noted, whether it is consistent with the history, or if the distribution could make one suspect foul play in having had the body
moved after death. The history may justify a dissection of the
skin of the back to search for haematomas, particularly in cases
of suspected torture or other breaches of international humanitarian law.

The extremities
The extremities will often be the subject of trauma such as
lesions contracted during a fight. Cuts to the forearms and
hands are particularly important in knife/sharp violence, and
the legs are the prime target for injuries in traffic accidents, such
as the Messerer fracture from direct impact on the lower legs.
The arms will often be the site of injection marks in drug
addicts, and scars from self-inflicted incision wounds will be
found particularly on the skin of the forearms, but also on the
legs where they are within comfortable reach. Material from the
nails is collected, either by cutting the nails or by scraping them
with a wooden sampler, and the 10 samples are stored in individually marked containers.

Abdomen

9.2.2 Internal examination

Like the thorax, the abdomen due to its size is often the site of
the same kinds of injury as noted above. In addition, the presence of effusions, such as ascites may be suspected by the form
and size of the abdomen, and preparations must be made to
collect this upon opening. The skin of the abdomen may bear
evidence of disease in the form of varicose veins and spider
naevi in liver disease and striae distensae may suggest disturbances in metabolism such as use of anabolic steroids. Scars
from operations, particularly such that lay before the introduction of laparoscopic operations, may be prominent and may
give cause for ventral hernias.

The complete forensic examination includes a full examination
of all internal organs. This is necessary, not only in order to
locate possible lesions, but also to establish macroscopically
visible disease and secure specimens for a microscopic examination which may be of significant value for the evaluation of
the cause of death. The body cavities are opened with one
section covering the thoracic and abdominal cavity and one
covering the head. While the body cavities are usually opened
first, there are cases, such as in strangulation, when the opening
of the head first may create a bloodless field. This is useful for
the dissection of the neck structures with haemorrhages in the
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Figure 9.2 Y-shaped incision for evisceration. Courtesy of
T. Hansen.

tissues such as the neck musculature and adjacent to the hyoid
bone or thyroid horns, when broken.

Evisceration
The body is opened by a section starting from below the ears
and ending at the symphysis pubica, avoiding the umbilicus
and whatever lesions and scars may be in the midline of the
body (Fig. 9.2).
The incision may be continued on the side of the neck using
one out of a number of techniques. Some continue the long
incision on one side of the neck only, thereby making the suturing easier at the cost of some accessibility, some prefer a transverse incision along the upper margin of the clavicles to a point
behind the ears. This gives superior accessibility to the neck
organs, but will need more diligent and time-consuming suturing to produce a satisfactory result from the point of view of
the relatives.
Having made the incision, the front of the thorax is dissected
laying open the front of the thoracic cage and the sternum. This
is when a test for the presence of pneumothorax may be done
creating a pocket between the skin and the thoracic wall, filling
it with water and when puncturing the pleura noting if air
escapes. The abdomen is opened from the lower end of the
sternum downwards, care being taken to collect fluid in the
abdomen, if present. The dissection of the front of the thorax
is now continued downwards so that there is access to the lower
margin of the thoracic cage. The joints between the sternum
and the clavicles are transsected, and the ribs are cut with a
special pair of scissors or using a knife that can cut the ribs,
thus creating a triangular plate with the tip upwards. This
plate is then dissected from the mediastinum beginning from
below, taking care not to open the pericardium accidentally.
The thoracic and abdominal organs are now in full view from

the front and are inspected before the dissection continues,
noting adhesions, malformations such as situs inversus and
signs of injury.
For ease of access, the duodenum is now located and a
double ligature placed around it at the ligament of Treitz, thus
preventing spillage of intestinal contents. The mesentery is
cut all along the duodenum, jejunum and ileum and the ileocaecal communication is freed up to the end of the ascending
colon, the mesentery of the transverse colon is cut and the
descending colon is freed from the posterior abdominal wall.
The mesentery of the sigmoid colon is cut, and a double ligature placed as distally as possible, again to avoid spillage of
colonic contents. The sigmoid colon and the rectum are divided,
and the entire intestinal canal may be removed in toto and is
examined externally and if necessary opened in its total length.
The presence or absence of the appendix is noted as is Meckel’s
diverticulum.
One may now return to the organs of the neck. The skin of
the neck is dissected from the organs of the neck up to the level
of the lower margin of the mandible. The bottom of the oral
cavity is opened by incising along the inside of the mandible
from below, freeing the tongue together with the glottis and
larynx in one block. Holding the tongue with one hand, the
organs of the neck are dissected from the spine and this is
continued all the way to the level of the diaphragm. When
transecting the vessels to the arms, blood from the upper
extremities may flow from the cut surface, and this should be
collected, anticipating problems of getting enough blood for
analysis from vessels of the lower extremities. In case of adhesions between the pleural membranes, sharp dissection may be
necessary, and care must be taken no to injure the lungs.
The diaphragm is then divided along the thoracic wall and the
kidneys may be freed from the posterior abdominal wall in
the same procedure.
The final procedure in the removal of the internal organs is
the removal of the pelvic contents. The urinary bladder is freed
from the pubic symphysis manually, taking care not to damage
the bladder wall risking the loss of urine for analysis. The
manual dissection is continued to the level of the prostate or
uterine cervix and continued around the rectum. It is now possible to insert a knife between the symphysis and the bladder
and transsect the urethra and rectum or urtrethra and vagina,
respectively. One may then continue the sharp dissection of the
abdominal organs, in casu the abdominal aorta, all the way to
the lower part of the pelvis, and all of the internal organs may
be removed for dissection. Having opened the body cavities the
spinal column is split open with a chisel in order to visualise
fractures or metastases to the bone marrow.
To reduce the internal organs into a more manageable size,
they are divided into three major blocks and the heart. The
block is turned with the backside upwards, and the aorta is
opened in its entirety from the arcus aortae to the pelvic bifurcature and the opening continued as far as possible. The renal
arteries are opened, taking care to notice any stenosis that might
explain arterial hypertension. The pathologist now has the
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choice of either dividing the aorta above the level of the intestinal arteries and freeing it up to the arcus or dissecting it in its
entirety from the iliac arteries to the arcus in one piece. Both
methods have their merits, and the authors (Knudsen and
Thomsen) use both according to the situation. The diaphragm
is then freed and the suprarenal glands are removed. Many
remove the spleen at this point, for convenience, being careful
not to open the stomach at the same time, an obvious risk
considering the anatomy. Having now easy access to the portal
region from behind it is also convenient to locate the portal vein
at this time and make an incision to reveal portal thrombosis,
if any. The kidneys may then be released bluntly from the back
of the peritoneum and lifting them by the renal arteries and
veins, the tissues connecting them may be cut, and the urogenital block may be divided from the area of the pancreas. The
arteries to the intestines are cut in the same process, the abdominal aorta having been removed or not, see above.
The whole block is now turned with the neck towards the
pathologist and the oesophagus opened from above to just
above the stomach. The oesophagus is then cut loose just below
the level of the laryngeal cartilage and dissected from the
airways and folded downwards. Holding the neck organs in one
hand, the thoracic organs are folded upwards so the heart is
protruding. The pericardium is opened with an inverted
Y-shaped incision, taking care to collect effusions such as blood
from a ruptured myocardium. A finger is then inserted in the
sinus transversus and the aorta and the pulmonary artery cut
as distally as possible. As the pulmonary artery is cut, any
emboli must be observed and collected. The inferior and superior vena cava are cut as distally as possible as are the four
pulmonary veins. It is not acceptable to open the atria; all the
vessels supplying them must be dissected individually.
After the heart has been removed, the block containing neck,
lungs and airways is separated from the abdominal organs, care
being taken to ensure that the oesophagus is not cut, an accident that will often earn the well-deserved scorn of the senior
colleague supervising the procedure.
The internal organs are now cut into manageable sizes,
and the dissection of the remaining internal organs may
commence.

Head
The skin of the calvarium is divided by a section going from
one ear to the other in the frontal plane. This will contribute to
a stable head after the skull has been sawed off in a horizontal
plane. Haemorrhage in the scalp is frequently seen after blunt
injury to the head, be it intentional or after a fall following a
stroke or similar. The extent and localisation must be noted and
correlated to external injury. Haematomas and slight swelling
may occur without external injuries and may be overlooked if
only a limited examination is performed.
Skull fracture is often seen after blunt injury, especially in
traffic accidents, but also extensively in gunshot wounds, par-
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ticularly with an entry wound in the mouth. It is important to
pull off the dura completely to reveal fracture lines which may
otherwise be hidden in the base of the skull as well as in the
cupola. It may be indicated to open the sinuses and the medial
ear in meningitis or septicaemia of unknown origin. In case of
extensive skull fractures, such as after high velocity gunshot
wounds, a better view of entry and exit wounds may be had by
gluing together fragments to present the whole of the skull, but
the use of three-dimensional (3D) presentations after CT scans
may be useful if the scalp has contained the fragments. In an
intact skull, a comparison of the outer and inner diameters of
the skull fractures may help to identify entry and exit wounds,
the hole in the table first penetrated being smaller than the
second one, as a rule.
When the top of the skull has been removed and the brain
is laid open, it is released from the base of the skull by carefully
pulling the frontal lobes upwards and then using a scalpel
cutting the optic nerves, making it possible to make an incision
in the tentorium along the edge of the os petrosa. It is then
possible to lift the brain so far that the medulla oblongata may
be divided at the level of the foramen magnum. The brain may
then be removed, weighed and the dissection continued.
Intracranial haematomas must be described as far as localisation, coagulation of the blood and the presence or absence of
a limiting membrane is concerned, and the amount of blood
must be measured, if at all possible. If there is no trauma that
may explain the haematoma, the blood vessels must be inspected
and carefully dissected with a view to congenital abnormalities
or aneurysms.
As a minimum, the circle of Willis must be isolated and all
major branches identified, particular attention being paid to
bifurcatures which are the most common sites for aneurysms.
This must be performed in connection with the autopsy since
the fixation necessary for a later neuropathological examination of the brain will make it much more difficult to isolate the
vessels. The source of a traumatic subarachnoid haemorrhage
may be difficult to find at a routine autopsy since it often originates from the vertebral arteries which requires a dissection
of the cervical spine for a sufficient examination. Radiological
examination with contrast injection in the vertebral arteries
may be useful. In intracranial haematomas in children, particularly subdural haematomas, an examination of the eyes with a
view to retinal haemorrhages, as seen in shaken baby syndrome,
should be performed (Levin 2010).
Having removed the major arteries of the circle of Willis, the
brainstem is divided, creating a smaller block from the pons,
medulla and cerebellum. The cerebellum is divided in the
midline, opening the fourth ventricle. The cerebellar hemispheres are sliced from the sides, and finally a number of transverse cuts are made in the pons and medulla with a view to
demonstrate haematomas or tumours. The brain is then cut in
approximately 1 cm slices from the frontal lobes, care being
taken to keep the slices absolutely parallel, an important point
if a comparison between the two sides of the brain is to be
meaningful.
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For special examination of the brain and the spinal cord,
neuropathological expertise is required, and the examination
should be performed in cooperation with a qualified neuropathologist. Problems often encountered are alcohol-related
changes in the central nervous system, age estimation of subdural haematomas, the relevance of degenerative changes, cerebral causes of sudden unexpected death, metabolic disturbances,
infections, malformations and so on. It is the responsibility of
the forensic pathologist to make the final evaluation of the
findings and relate the changes in the central nervous system
and pathological findings to whatever other findings, analyses
and antemortem information is available.

Neck
The organs of the neck are the first to receive attention when
handling the block containing them, the lungs and the airways.
The block is placed with the back upwards and the soft parts
are dissected from the laryngeal cartilages, exposing the upper
and lower horns of the thyroid cartilage, the thyreohyoid ligaments and the horns of the hyoid bone. In order to demonstrate
the hyoid bone in its entirety, a large knife is inserted from
behind, below the hyoid horns, but above the epiglottis, and
cutting to the level of the body of the hyoid bone which will be
elegantly displayed.
It is necessary to perform a careful dissection of the tissues
of the neck when there is a suspicion of strangulation or blunt
injury to the neck, even if there are no external signs. Subcutaneous haemorrhages and haematomas in the neck muscles,
haemorrhage in or fracture of the hyoid bone, thyroid cartilage
or cricoid cartilage indicate trauma to the neck. Fractures are
much more common in adults, the tissues being much more
elastic in young people. Injury to cartilage may be a result of
the evisceration, but the injury will then be without vital reaction such as haemorrhage. Venous haemorrhage behind the
oesophagus may be seen as a postmortem artefact.

Chest
Before opening the chest, the presence or absence of a pneumothorax should be established. Radiological examination is to
be preferred, but as a substitute or as a supplement the pleural
cavities may be examined for pneumothorax.
Haemorrhage and fractures of the thorax are particularly
common in traffic accidents and falls from a great height, but
may be a result of even minor trauma, especially in the elderly.
The number and site of the fractures must be noted as well as
the presence of blood or fluid in the pleural cavities. Fractures
of the sternum and the ribs are common after external cardiac
resuscitation attempts, but these usually do not show vital reaction, being postmortem phenomena. If the cardiac resuscitation is particularly effective, a blood pressure sufficient to create
a seeming vital circulation may be successful so this must be

evaluated against the information from the medical report of
the case. Small air bubbles may be found in the mediastinal
adipose tissue after resuscitation, if large force has been used.
This may be confused with subcutaneous emphysema which is
felt crispy. Normally, the lungs will not cover the front of the
mediastinum, but this may be the case in drowning where the
lungs may be immersed in water, and pressure may leave
impressions of the pathologist’s fingertips on the surface of the
lungs. Pleural adhesions, emphysema, lacerations of the lung
tissue, subpleural haemorrhage or petechiae must be noted, if
present.
The airways are opened from behind cutting through the
muscular part of the trachea and the large bronchi as far as
possible. If they are wide enough to allow opening with a
medium sized pair of scissors until close to the lung surface,
this is traditionally taken as an indication of bronchiectasiae,
but this is very subjective. The airways must be searched
for foreign bodies such as gastric contents, and, in cases of
fire, soot must be looked for since this is indicative that the
deceased has breathed after the start of the fire. The pulmonary
arteries must be opened as far as possible to look for pulmonary
emboli, particularly in young women who have used oral
contraceptives.
In penetrating injury to the lungs, it can be difficult to establish both the depth/length of the wound channel and its direction. An attempt to evaluate these factors must be made before
removing the organs. It must be realised that the organs in the
prone condition may be situated differently from the upright
condition.
The pericardium may contain fluid or blood, the latter in
cardiac rupture after a myocardial infarction or after a puncture
wound. A haemopericardium may be lethal if it exceeds 400 mL
in adults. The heart is measured transversely along the sinus
and from the coronaries to the apex. The coronary arteries are
opened, taking care not to displace thrombi or more rarely
emboli, or the technique using transverse sections in their full
length may be used, according to local preferences. The heart is
then sectioned in horizontal slices from the apex to the level
approximately 1 cm below the tip of the major papillary muscles.
The cavities are opened in the direction of the blood flow. The
previous technique of connecting the superior and inferior
venae cavae is now obsolete. Instead the right atrium should be
opened by cutting from the inferior venae cava into the tip of
the auricle, leaving the ostium of the superior vena cava intact.
This will display the inside of the atrium as well as the old
method and has the advantage that sampling for examination
of the sinus node is greatly facilitated. The ostium of the pulmonary artery is opened and the pulmonary valves inspected
for number and pathology. The pulmonary veins are then
opened and a cut made from the left atrium into the left ventricle as close to the septum as possible. The left ventricle is then
cut open parallel to the left anterior descending coronary artery,
taking care not to divide the left coronary artery in the bifurcature, but dividing the circumflex artery 0.5 cm distally to the
bifurcature and then turning left into the aorta. Sections paral-
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lel to the surface may be made in the wall of the left ventricle
and the septum according to local practice. Finally, the heart is
weighed after having been emptied from coagula. (Basso et al.
2008).
In case of sudden unexpected death in children and young
adults, the examination must include possible pathological processes in the cardiac conduction system. This is time-consuming,
and the sampling will result in a large number of sections
which will require special stains and may present a considerable
workload to the laboratory technicians as well as the forensic
pathologists. The process is described in handbooks of cardiac
pathology, and the reader is referred to those for particulars
(Gulino 2003). The macroscopic examination may reveal
changes consistent with arrythmic right ventricular dysplasia,
now called arrythmic right ventricular cardiomyopathy where
the wall of the right ventricle has been transformed to a thin
fibrous and fatty membrane, but less pronounced cases may
require extensive microscopic examination to demonstrate
fibrous and fatty tissue in the myocardium. This diagnosis may
be crucial to genetic counselling of the relatives and should not
be neglected because of the work involved. Samples for genetic
studies must also be collected, such as biopsies from the tendon
of Achilles, as soon as possible after death, and a procedure for
handling these samples must be made in advance. Copious
sampling of myocardial tissue for microscopy and microbiological examination may also be necessary when there is a suspicion of myocarditis which may not be apparent at autopsy,
but where the diagnosis rests on the histological examination
or the culture of bacteria or virus.

Abdominal cavity
During the evisceration, fluid or blood in the abdominal cavity
must be collected and measured, and sent for microbiological
examination, particularly if there is a suspicion of peritonitis.
Ascites is usually due to disease such as cirrhosis of the liver,
cardiac failure or peritoneal carcinosis. Alternatively, haemorrhage is usually due to blunt or penetrating trauma. There will
as a rule be external signs, such as haematoma, of trauma to the
abdominal wall. The organs including omentum and the retroperitoneum must be inspected before the organs are removed
for dissection. The origin of haemorrhage may be lesions of the
liver or the spleen. Lesions of the liver may be due to attempts
at resuscitation, but this will only rarely cause haemorrhage,
and the lesions will be without vital reaction. Penetrating injury
may involve several organs and since the intestines are very
mobile, lesions of the small intestine may be found at a distance
from the lesion in the abdominal wall. The examination of the
genitalia in cases of suspected sexual assault requires special
care and must include a diligent search for haemorrhage, excoriations, superficial lesions of the mucous membranes and scar
tissue in the vulva/vagina and anus. It is advisable to resect all
of the perineum en bloc in order to facilitate a detailed study
of the region. Photography and sampling must follow strict
guidelines to ensure completeness.
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Skeleton and spine
The study of fractures, including old healed fractures, is of
particular interest in traffic accidents and in cases of suspected
battered baby syndrome. It is easy to find fractures of the
intervertebral discs and haemorrhage in the fractures with the
naked eye as well as fractures of the extremities with visible
angling. It may be necessary to perform a radiological examination, now commonly performed as a full-body CT scan. This
will provide excellent documentation for diagnosis as well as
for use in court, should this turn out to be necessary.
In gunshot lesions to the skeleton, fragmentation is most
often the result, although a single hole may be seen, particularly
in flat bones. The former lesion may lead to widespread injury
which may be confused with lesions from other causes. In the
skull, the entry wound will often have a typical cone shape with
the greater diameter on the inside while the exit wound will
have the larger diameter on the outside. Both wounds will thus
be cone shaped with the narrow part pointing towards the
weapon.
Dental investigation is performed by trained forensic odontologists, and such examinations are of particular value in identification. It is still the method of choice when good antemortem
data are available as is the case in most Western countries. While
the dental chart is useful for screening in cases with many
victims, the actual identification is usually done by comparing
radiological material such as bite-wings or panoramic radiograph. In cases of fire, the dental examination will be the
primary method and compared to DNA the fastest method of
identification. The forensic odontologist may also be able to
provide valuable information in bite-marks. When only the
skeleton is available for examination, anthropological expertise
will often be necessary to establish sex, age, ancestry and so on
of the victim, and to assist the forensic pathologist in the study
of the bones.

9.2.3 Special procedures
Trauma
Neck
In case of trauma to the neck, particularly when strangulation
in one of its forms is suspected, special attention must be paid
to this region. Since evidence of haemorrhage in the organs of
the neck may be blurred by postmortem bleeding due to evisceration, it is recommended that the brain be removed first. The
organs of the neck are left in place when removing the thoracic
organs by transecting them at the level of the clavicle. These
two steps will empty the vessels of the neck, and any haematomas may be assumed to have been inflicted in vivo. The skin of
the neck is then freed from the platysma and any lesions noted.
Then the plastysma and the layers of fat below it are removed,
exposing the muscles at the front of the neck. These are then
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isolated one by one, beginning with the sternocleidomastoid
muscles that are cut at their lower margin along the upper
surface of the clavicle and folded upwards and backwards. It is
now possible to view the passage of the large vessels of the neck,
the carotids and the external jugular veins. These may now be
isolated and examined for lesions from knife/sharp violence to
the neck. A probe should not be inserted until the vessels are
laid free, but then it may be instructive for photographic documentation to use a probe of different colour from the surrounding organs to demonstrate the lesion. The muscles on the
front of the neck connecting the base of the skull and the laryngeal skeleton with the upper thoracic aperture can now be
isolated beginning with the muscles between the thyroid cartilage and the sternum and then the muscles from the base of the
skull to the thyroid cartilage. Removing the muscles of the front
of the laryngeal skeleton will also reveal the thyroid gland.
Having laid free the neck from the front the organs may be freed
from the lower margin of the lower jaw in the manner described
above, and the organs of the neck may be removed en bloc after
which the organs may be treated as described above.

Air embolism
If air embolism is suspected, such as in diving deaths, the diagnosis may be made using a number of precautions. Since
whole-body CT scan is now often the rule, this will help identifying air in the vessels. If not, then conventional radiography
should be used. The organ most likely to suffer is the heart, and
therefore it must be opened under water, in order to identify
and sample the air in the heart chambers. The heart may be
opened using a syringe connected to a container with water for
collecting the air for analysis.

Fat embolism
Fat embolism may be seen in a number of traumatic conditions,
classically in fractures of the long bones, but is also described
in trauma to the subcutaneous fat. It may be seen macroscopically as petechial haemorrhages in the brain (‘purpura cerebri’),
but needs special techniques to demonstrate microscopically.
The fat is soluble in the usual fixation procedures for microscopy, but if frozen sections are used they may be stained with
special fat stains such as oil red O or Sudan black. Lungs,
kidneys and the brain are selected for this examination. In many
cases, bone marrow embolism may be seen in routinely stained
sections, especially in the lungs. It is not an uncommon finding
after external cardiac massage which will usually produce
sternal and/or rib fractures, sending bone marrow particles into
the circulation.

Sexual trauma
In the case of sexual assaults with a fatal outcome, it may
be necessary to perform a special examination of the genital
organs, particularly in the female victim. The incision that has

opened the abdomen is continued in two branches encircling
the genital area including the anus. The anterior margin of
the pelvis may be sawn through or may be dissected free of the
external genitalia which may then be removed together with
the internal genital organs and the rectum/anus. The female
external genitalia are then examined from below, and thorough
sampling is performed in addition to the sampling made during
the external examination. The other genital organs are then
examined as described above.

Newborn children
The investigation of death in the newborn follows the same
main directions as described above, but there are obviously a
number of special considerations. In hospital cases, the child
will usually be presented in hospital clothes, but in cases of
children dying at home or found dead, the clothes must be
examined as they are in adults. Special care must be directed
at the possibility of strangulation, accidentally, for example, by
the umbilical cord or pieces of clothing or intentionally in
homicide.
The external examination must include mention of stains or
residue of vernix caseosa or meconium. The umbilicus is measured and the manner of division noted when it is not a hospital
case, and the placenta must be examined, if present, for signs
of acute or chronic placental insufficiency such as infarction or
infection. The development of the child as judged by the length
of the nails, the development of the nasal or aural cartilages,
the descent or lack of descent of the testes in the male and the
development of the large and small labia in the female. The hair
and the fontanellae are described as are the relations of the
cranium. The child is measured according to the local procedures: the classic measurements of the cranium being the
minimum. Special attention is paid to the development of the
bony structures on the CT scan or on the whole-body X-ray
which should always be performed in child deaths.
The internal examination is mostly similar to that of the
adult with the necessary variations due to the age of the child.
The abdominal wall is opened in such a way that it will allow
the study of the umbilical vessels, and their patency is noted.
The oesophagus and the airways are examined with a view to
potential bronchio-oesophageal fistulae. During the examination of the lungs, small samples are tried in water for their
ability to float indicating that breathing has taken place. This is
an unreliable test, however. The opening of the heart should
take place with the heart in situ, beginning with investigation
of the atria and the ventricles for communications between
them. An incision is made in the right and left atria, respectively, and a probe introduced into the ventricles and in a retrograde fashion into the venae cave and the pulmonary veins.
Only when the pathologist has made sure that the cardiac
vessels are normal or has made a note of variations is the heart
removed, noting the precise number of vessels and their location. The heart should be removed taking into consideration
the possibility of a persistent ductus arteriosus or a coarctation
of the aorta which may be in close approximation of the site of
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the pulmonary artery and the aorta lying close together. Due
to the partial development of the brain of the newborn, it
should be removed with great caution, after removing of the
cranial bones in pieces. If the cause of death is not obvious, the
brain should be examined by a pathologist with special interest
and qualifications in paediatrics and/or neuropathology.

9.3 Clinical autopsy
Peter J. T. Knudsen and Jørgen L. Thomsen
For many years, the tradition has been to perform an autopsy
after death in hospital. The knowledge about the disease
obtained in this way has been crucial to our understanding.
Despite the enormous technical advances in our diagnostic
proficiency, there are still a lot of cases in which the cause of
death is not elucidated until an autopsy has been performed.
In the Nordic countries as well as in most other Western countries, the autopsy rate has been declining in the last decades and
is now below 10% in Denmark and Norway, a far cry from the
40% plus that was the rule a few years ago. This is unfortunate
and will have long-term negative influence on the reliability of
the death statistics, the medical quality assurance programmes,
training and research, postgraduate training and the legal rights
of the individual. Among the causes of this development is a
declining interest among clinicians who have a mistaken trust
in recent advances in diagnostic specialties, financial restraints
and an increasingly negative attitude in the lay public.
A large number of reports have shown a considerable discrepancy between the diagnoses obtained antemortem and
the autopsy results. The autopsy is therefore still a significant
instrument in the correct clinical diagnosis and is of prime
importance for the death statistics. It provides the possibility of
studying the spread of disease in the individual and for the
evaluation of therapy. The autopsy is also of great importance
in the pre- and postgraduate training of physicians and other
health personnel (Underwood et al. 2011).

9.3.1 Legal background
Clinical autopsies are governed by the relevant legislation in
each individual country, but the present legislation in Denmark
is a good example of the problems that have caused such a
dramatic fall in the number of clinical autopsies. Until 1990,
clinical autopsies were requested by the clinician without asking
for the consent of the relatives, but if they were opposed to an
autopsy, they had the right to deny it. Since this was not very
well known in the lay community, there were a reasonable
number of autopsies which provided a realistic picture of the
causes of death in the population, with the exception of medical
personnel who knew the rules and more often declined the
autopsy. The change in the law concerning the procedures in
issuing the death certificate, clinical and forensic autopsies and
transplantation in 1990 means that the relatives must always be
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asked for permission to perform the autopsy with the predictable result that the number of clinical autopsies declined drastically immediately after the law was implemented, and it has
been declining ever since (Knudsen and Van 1991).
The clinicians must inform the relatives of their rights and
ask for permission to perform the autopsy. They may allow an
autopsy with or without permission to use the autopsy for
training or research. In order to avoid this awkward situation
for the relatives, it is possible to join a registry where anyone
may decide beforehand if they will allow or deny an autopsy
when they die. This is similar to the registry for transplantation,
but it is even less known or used than this. In Denmark, there
is no tradition for a partial autopsy, but there is an option to
decline the right to open the skull as a condition for accepting
an autopsy. This is a completely irrational decision since it
makes the frequent diagnosis of intracranial disease such as
apoplexy or intracerebral metastases impossible. A CT scan
might be of use, but is not to the authors’ knowledge used in
any Danish department of pathology, in contrast to the institutes of forensic medicine where CT scan is mandatory for all
autopsies although opening of the skull is a part of a proper
forensic autopsy.
It has been the authors’ experience since the change of the
law in 1990 when the definite consent of the relatives or the
deceased was introduced that a major part of the public has
been opposed to autopsies, and the medical community has not
been able or willing to maintain the number of autopsies
that could support valid death statistics. The exception to this
rule is paediatric autopsies where parents, paediatricians and
pathologists all agree that the autopsy is necessary to find a
cause of death of the child and most importantly to prevent a
recurrence, if possible, in the next pregnancy.
The autopsy is an important part of medical quality
assurance. In principle, all deaths should be followed by an
autopsy – ‘The patient has a right to be autopsied if he dies in
hospital’ – including deaths in the home, but there are a number
of deaths where an autopsy is particularly relevant as follows:
1. Postoperative deaths.
2. Death after an unknown or undiagnosed disease.
3. Dementia in patients <70 years of age.
4. Unusual infections.
5. Trauma that is not the subject of a forensic autopsy.
6. Suspicion of accidents or misconduct while in the care of
the health authorities.
7. Death which may result from drug interaction.
8. Malignant disease with unknown primary tumour or
which has not been fully investigated before death.
The relatives want to know as much as possible about the
disease, particularly when the cause of death is unknown or
when they suspect that not all complications have been uncovered. The natural or unnatural deaths in hospital may be difficult to define. If the relatives request an autopsy or if the
physician suspects that there may be a case of medical malpractice, the hospital pathologists must be careful not to perform
the autopsy until the question of a possible forensic autopsy has
been solved.
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9.3.2 Performance of the clinical autopsy
The clinical autopsy is, as its name implies, an autopsy performed after a hospital admission or in some cases at the
request of relatives, in cases of patients dying outside the hospital and if a medicolegal autopsy has not been required. The
number of clinical autopsies has been declining for decades,
and while it was performed in approximately 50% of deaths in
Denmark 20 years ago, now less than 5% of patients are autopsied. The understandable reluctance of the uninformed relatives has been combined with distaste for autopsies among the
medical profession, and physicians who trust the wonders
of modern imaging, and surgeons who see the possibility of
burying their mistakes are more than eager to avoid the strain
of having to convince the relatives of the purpose and usefulness of the autopsy.
The clinical autopsy or hospital autopsy can trace its roots
back to the work of Rudolph Virchow in the middle of the 19th
century and has only changed a little over the years, reflecting
not stagnation, but the rightness of the original procedure. The
clinical autopsy was the basic work of the pathologists for
decades until histopathology and later cytology claimed an
increasing share of their time, and with the advances in the last
five decades in immunohistology and later even more advanced
methods of examination, the ‘old’ procedure of autopsy has
been relegated to being the work of the junior pathologists. It
has even been suggested in Denmark to require some time in
forensic pathology in order to teach them how to perform an
autopsy, a strange situation indeed.
While the forensic autopsy is guided and regulated by the
state, the clinical autopsy is often performed according to the
local traditions, and in some countries there may be different
levels of autopsy, partial or complete. The partial autopsy may
be defended for financial reasons, but it is unsatisfactory. The
physician can only make a statement of what he or she has seen,
so organs or organ systems such as the central nervous system
that are not examined will leave a grey area in the report.

Special procedures
Fetal autopsies
One form of clinical autopsy that is still performed regularly is
the fetal autopsy which is a highly specialised form of autopsy
that is best done by those pathologists who have special training
and interest in this area. It can be seen as an example of the
autopsy which can be easily explained to the relatives. They will
have a natural wish to know the cause of death of their unborn
child in order to prevent a recurrence, by prenatal diagnosis for
congenital disease, in the next child.

Autopsies on children
While the fetal autopsies are the work of the subspecialist, the
autopsy of children is part of the normal curriculum of the

pathologist. It will present problems due to the minute size of
the organs involved, but by adapting the standard procedure
for adult autopsies, the technical difficulties can be overcome.
One must be aware of the problems of some junior pathologists
who perform autopsies on children the same age as their own.
While one would have been quite harsh in handling this in the
past, it is counterproductive to the training of the junior pathologist if he or she is forced to perform such a procedure without
the compassionate assistance of their senior colleagues.
The main differences between the adult and the child autopsies are associated with the possible causes of death. It is imperative that the pathologist conducts the evisceration himself or
at least is attending while the assistant removes the organs. It is
necessary to attend to the peculiarities of the anatomy of the
newborn concerning the vessels of the umbilical area. Having
removed the organs, the main concern will often be congenital
malformations and the most common ones must be kept in
mind as soon as one starts to cut the organ blocks.
The possibility of congenital heart disease is high in the
autopsied children and in order to establish the diagnosis, the
heart should not be removed from the lungs as is done in adult
autopsies. The heart should be examined in situ and all vessels
leading to and from the heart should be identified as well as the
possible patencies of the atrial and ventricular septum. This
may be done by inserting a sound through an incision in the
right and left atria and checking that this will only penetrate to
the other side in the case of a patent foramen ovale, and then
mostly in young children. The foramen ovale may in some cases
be patent into adulthood. Only after the vessels of the heart
have all been identified can the heart be removed in the customary manner, again making sure that all vessels are cut in such a
way that they can be identified later. Since congenital heart
disease, particularly of the vessels and walls, is the main target,
the traditional method of slicing the myocardium may be
replaced by the otherwise obsolete way of opening the heart
along the blood stream.
In the lungs, the tracho-oesophageal fistula must be looked
for, and in the gastrointestinal tract biliary atresia and Meckel’s
diverticulum are malformations watched for.
In the genitourinary block, the renal pelvis and the various
malformations in the pelvic organs must be accounted for. The
central nervous system is best left to the neuropathologist since
the brain of young children is of such a consistency that it
precludes a meaningful macroscopic examination without the
2–4 weeks’ fixation required. Cerebral and meningeal haematomas may present at evisceration, however.

Cardiac conductive system
The forensic pathologist plays a crucial role in the investigations
of sudden cardiac death and shares some of the examination
techniques with the hospital pathologist. While it is well known
that the number of positive findings in routinely performed
examination of the cardiac conductive system is low, the hospital pathologist will much more often be called to perform
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autopsies on patients who were known to suffer from disturbances of the cardiac conductive system during their lives.
Cooperation is therefore useful, and according to local preference it may be the pathologist who will handle the examination
or the forensic pathologist.
The examination, the details of which may be found in textbooks of cardiac pathology, depends for its quality on the
removal of the heart itself. It is advisable to employ the technique recommended by the Association for European Cardiovascular Pathology (AECVP) (Basso et al. 2008) where the
venae cavae are not opened by a connecting incision, but by
opening the right atrium by cutting from the inferior vena cava
to the tip of the atrial appendage. This procedure will protect
the sinus node. The vessels leading to and from the heart should
be cut 2–3 cm from the heart.
For the study of the cardiac conductive system, it is advisable
to fix the heart in formalin before the dissection and sampling.
The sinus node is taken out by removing a circular section
of the vena cava superior and making vertical sections through
the whole specimen, making sure that the upper and lower
margins of the sections are at a safe distance from the sinus
node. The atrioventricular node is excised from the area limited
by the coronary sinus at the far end of the membranous part
of the septum, again making sure that the sections have a sufficient margin on both sides of the node (Gulino 2003). In
order to locate the nodal tissues, an elastin stain will be useful
in addition to routine stains.

Autopsy in occupational lung disease
The autopsy in occupational lung disease is another special area
that is often shared between the pathologist and the forensic
pathologist. The character of the occupational lung disease will
in many cases be one of deposits of foreign bodies such as in
asbestosis and will often be of a diffuse nature. It is therefore
necessary to sample abundantly, and it is often advisable to
retain the lungs in formalin in toto. As is the case in heart
disease, the investigation starts at evisceration, and the status
of the pleural cavities will often point to the possibility of this
disease. Pleural adhesions will always be noted at evisceration,
but the very common pleural plaques often, but not exclusively
seen in asbestosis must be noted. In case of manifest pleural
neoplasms, such as in malignant mesothelioma, the condition
of the tissues surrounding the lungs is important. Having performed the macroscopic examination of the lungs, sampling
must be abundant and should be made according to a set plan,
including a minimum of three sections per lung lobe and
including peripheral as well as central areas. The lymph nodes
of the lungs should also be sampled, as should any gross
abnormality.
The microscopic examination of the lung tissue should
include haematoxylin and eosin (H&E), connective and elastic
tissue staining, and Prussian blue staining for asbestos bodies
is mandatory. For a closer review the reader is recommended
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to consult the textbooks on the subject (Churg and Green
1998).

9.3.3 Neuropathological autopsy
The central nervous system presents problems to the pathologist and the forensic pathologist alike. While the forensic
pathologist will handle trauma with equanimity, other diseases
of the brain and medulla are such a specialised subject that both
will have to rely on the dedicated neuropathologist. The examination of the brain in the setting of the clinical autopsy will
therefore often be limited to the macroscopic examination
which will in most cases give useful information (Smith 2011).
The removal of the brain is complicated by the need to open
the skull with a saw and thus a risk of injury to the brain tissue.
In the successful opening of the skull, the brain will be presented with an intact dura. The extradural/epidural space is
inspected for tumours and haematomas, and the dura covering
the upper surface of the brain may be opened and reflected.
One may inspect the subdural space. The brain is then removed
by lifting the frontal lobes in order to insert a scalpel that can
cut the optic nerves and adjacent tissue connecting the frontal
lobes to the base of the skull. As the lifting of the brain continues, it is necessary to incise the tentorium covering the cerebellum. It is necessary to mobilise the cerebellum to be able to use
the scalpel to cut the medulla oblongata in the foramen magnum
as far from the cerebellum as possible. In the successful case,
the brain and cerebellum may now be lifted out in toto (Dawson
et al. 2003).
The brain is then placed in a suitable container, one which
is just a little larger than the brain and of the same shape that
will prevent the two hemispheres from falling apart and tearing
the corpus callosum in two. The brain is weighed and the external examination may begin.
The strongest structures of the brain are the vessels, and one
must first remove them to study them, diseases of the cerebral
vessels being a frequent cause of intracranial haemorrhage, in
particular following cerebral aneurysms. The section through
the medulla will in the best of cases have cut the vertebral arteries below the basilar artery so one begins by isolating them. This
is continued to the basilar artery up to the level of the posterior
cerebral artery. By reflexing the basilar artery it is then possible
by a horizontal section to divide the pons–medulla oblongata–
cerebellum from the brain. The two cerebellar hemispheres are
divided by a cut through the midline, opening the fourth ventricle and revealing any haemorrhage here. The cerebellar hemispheres are then sliced by one or more cuts to look for tumours
or haemorrhage. Finally, a number of incisions are made into
the pons, parallel to the section dividing the pons from the
brain.
One may now continue the dissection of the arteries of the
circle of Willis. There are no precise rules for the degree of dissection; the standard for the general pathologist would be to
follow the anterior cerebral arteries to the tip of the corpus
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callosum, the median cerebral artery to the trifurcate and the
posterior cerebral artery to the point where it turns into the
brain tissue at the back. The vessels may now be carefully
removed, the goal being to present the entire circle of Willis on
the autopsy table. By doing so, one will be able to present the
majority of cerebral aneurysms that are most often located to
the various bifurcations in the circle.
The brain may then be turned into the normal anatomical
position and it is cut in vertical slices, approximately 1 cm thick.
One may begin from the front or the back and place the slices
whichever way one wants to, but it is a good idea to begin the
career as a pathologist by devising a method to remember.
The authors always begin at the front, place the cut surface of
the first slice upwards and with the right side to the right. We
then end up with the last slice of the occipital lobe being placed
with the cut surface facing downwards. By adhering to this or
a similar method, the very real danger of right–left confusion
will be eliminated. One must be careful during slicing to keep
the knife at exactly 90° to the table; otherwise one will end up
with wedge-shaped slices that are difficult to interpret.
There may be a need to remove the spinal cord which is best
done by opening the spinal canal laterally at both sides using
the saw used for the skull. By removing the front half of the
spinal column and opening the dura, the spinal cord is exposed
and may be removed in its entirety for further studies (Fig. 9.3).

9.3.4 Microbiological autopsy
In cases where infection is suspected and in some routine cases
such as paediatric and neonatal autopsies, sampling for microorganisms is an integral part of the autopsy. In such cases the
pathologist has two roles: being suspicious that infection may
play a role in the death and providing the microbiologist with

the material needed for diagnosis. The actual examination is
left to someone else than the pathologist, but since a chain is
never stronger than the weakest link, the result of the microbiological examination is very much dependent on the care of
the pathologist.
There are a number of problems associated with sampling
for microbiology and while these may be troublesome, one
should not hold back from using this tool when appropriate.
In the living person, the immune system will work to eliminate
harmful organisms and the physician may help using antibiotics, so the samples from a living person will have a greater
chance of successfully identifying the offending organism. In
the dead person, the absent immune system means that a
number of otherwise non-pathogenic organisms may multiply
and confuse the picture, particularly in patients who have been
in immunosuppressive therapy and may thus even in life suffer
from infections from opportunistic organisms.
The emphasis on the sampling performed by the pathologist
is therefore to obtain material that is not contaminated by
organisms that have multiplied after death. The best medium
for culture is blood, and this may be collected using a sterile
needle and syringe from one of the larger vessels before opening
the body. The skin should be cleaned beforehand to avoid contamination, using ethanol or iodine solution.
Cultures from individual organs should be obtained as soon
as possible after opening the body. The surface of the organs
should be sterilised using searing or one of the solutions mentioned above. A section should be taken out using sterile scalpel
and pincers; alternatively, a swab may be inserted through the
sterilised surface. The specimen should be placed in a sterile
container and sent to the laboratory as soon as possible. It is
always wise to have good personal contact with the laboratory
so the most suitable storage medium and mode of transportation may be found beforehand.
The examination of the material is best left to the experts
who will decide on the basis of the clinical information which
should always be complete to get a better picture for the microbiologist. They will then decide if culture, microscopy, serology
or one of the newer methods such as polymerase chain reaction
(PCR) is the most appropriate.
The type of organism detected, if any, will often be an exotic
or opportunistic one, and the microbiologist will be useful in
distinguishing between relevant and non-relevant organisms.
One should always make a microscopic examination of the
tissue from where the culture is taken; a positive culture but no
signs of infection may decrease the significance of the finding.

9.4 Autopsy report
Peter J. T. Knudsen and Jørgen L. Thomsen
Figure 9.3 Spinal column opened to reveal metastases or
fractures. Courtesy of T. Hansen.

It is common practice that the authority requesting the autopsy
receives a preliminary report of the findings immediately after
it has been finalised and that a written report is dispatched as
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soon as possible, preferably so that it is with the police the next
day, or if the case is not urgent, then at least within a few days
(3–4) after the autopsy. This is necessary to avoid wasteful
investigations by the police in cases that are unlikely to need
the attention of the legal system, once the autopsy has been
completed. Alternatively, it is crucial that information that may
guide the police in their investigation of serious crime is not
delayed.
The preliminary report should be in print so that there
cannot be any doubt as to the findings and conclusions made
by the pathologist. In the investigation, it is difficult to manage
oral information which may lead to misunderstanding. There
must be a procedure for any oral communication with the
police to be recorded in the case files so that other pathologists
than the one who did the autopsy may inform the police in his
or her absence. The report must be written or dictated and
transcribed immediately following the autopsy and all findings,
be they positive or negative, that are relevant for the case
must be recorded. The final report will only be ready after
all supplementary investigations have been completed such
as microscopy, neuropathology, toxicology or other special
examinations.
The autopsy report is a legal document which will be read
by lawyers and others who do not know medical terms. It
must therefore satisfy certain requirements and be written in a
language that is understandable to the layperson. When necessary, Latin terms may be used for anatomical structures or
procedures, but this must be accompanied by a translation or
explanation.
The report is directed to the authority that has requested it,
and it must initially contain information about who is being
examined with relevant data such as ID/passport number,
social security number or similar. The basis for the identification should be stated.
Other information in the first part of the report includes
time and place for the examination, the name and the title of
the pathologist and his or her qualifications dependent on local
practice. All people attending the autopsy should be mentioned
by name and title/rank.
Any information given by the police or a third party must
be treated with considerable care, and every effort should be
made to identify information that may be questioned in court
at a later date.

9.4.1 Sample structure of the report
1. Authority requesting the autopsy.
2. Personal information, ID/passport number, sex, age and
address.
3. Presumed time of death, if known.
4. Time and place for the examination.
5. Name and title of the pathologist.
6. Name and title of others present at the autopsy.
7. Basis for identification of the deceased.

8. Mandate to perform the autopsy, special points to be
looked at.
9. Anamnestic information relevant for the circumstances of
the death, including medical information. The source of
this information must be apparent from the report.
10. External examination with mention of height, weight,
physical condition and special identifying features.
11. Rigor, lividity and putrefaction.
12. Natural apertures.
13. The eyes, pupillary size and the presence or absence of
petechiae.
14. Recent or old lesions with a statement about type of
violence.
15. Internal examination with mention of all macroscopic or
microscopic signs of disease or trauma.
16. The results of the supplementary investigations.
17. Review of the findings. It may be useful to list the findings
and discuss their relation to the cause of death, the event
and the possibility of the victim to act in this way. It may
be relevant to estimate the time of death based on measurement of temperature or the condition of the body, but
the necessary reservations must be made. As a rule, speculation must be avoided and one should not write more
than one can answer for with a good conscience. It is
the job of the pathologist to present a clear conclusion,
however. This will be useful for the investigation in the
case as well as for the court proceedings.

9.5 Forensic imaging
Garyfalia Ampanozi and Michael J. Thali
A forensic investigation of a case includes the scene assessment,
the external examination (necropsy) of the body and the internal examination of it. The identification of the deceased, the
opening of all body cavities and dissection of the organs, the
histological examination of tissues, and the sampling of body
fluids and tissues for toxicological analysis are among the usual
tasks a forensic pathologist is called to fulfil. In addition to
providing evidence regarding the contribution of third parties
to the death, the postmortem examination provides valuable
epidemiological information, which can be used to plan health
policies and strategies (Shojania and Burton 2008).
Autopsy is the current gold standard regarding death
investigation. Detailed descriptions of the appearance of each
organ, assessments of organ weights and dimensions, and the
measurement of pathological fluid volumes are routinely performed (Council of Europe 2004). Additionally, photographs
or sketches of external injuries, that describe their exact location and distances from anatomical reference points, may also
be included in the final autopsy report.
The most significant disadvantage of autopsies is that they
are strongly performer-dependent. They are not repeatable
and if tissue specimens are not stored for further examination,
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the findings cannot be re-evaluated. Even the documentation
of the findings may lack objectivity, as photographs and sketches
do not allow for a thorough reassessment of an injury’s
characteristics.
Furthermore, some religious groups are strongly opposed to
autopsies and refuse them (Thali et al. 2009). But even without
religious conflicts, families do not always welcome an autopsy
procedure for their deceased family member. Although this
does not affect forensic autopsies, the number of pathology/
hospital autopsies has declined in recent years (Shojania and
Burton 2008), resulting in a loss of information for treating
doctors and health authorities.
The first postmortem computed tomography (PMCT)
examination described in the literature as a case report was
done in 1977 (Wullenweber et al. 1977). In 2000, a new project
was launched in Switzerland, the virtual autopsy or Virtopsy
project. For the first time, PMCT, postmortem computed
tomography angiography (PMCTA), postmortem magnetic
resonance (PMMR), image-guided needle biopsy and surface
scanning techniques were applied in a systematic manner to
forensic cases in order to provide forensic information and
documentation of the findings.
Scientifically, the Virtospy project generated considerable
interest from the start. The forensic community quickly welcomed the approach and the number of forensic institutes
where postmortem imaging is performed on a daily basis, is
rising. Switzerland, Germany, Australia, Japan, Malaysia, Israel,
the USA, Italy, Poland, France, the UK and Sweden are just
some of the countries where postmortem imaging examinations (with a predominance of PMCT) are now performed
routinely.
As a result of the rapid interest, a large literature database
has developed, and several field-specific scientific books have
been published (Thali et al. 2009, 2011; Levy and Harcke 2011;
Burke 2012). There are now special sessions dedicated to forensic imaging in all international forensic and radiology meetings,
and a new society was recently formed: the International Society
of Forensic Radiology and Imaging (ISFRI). The ISFRI has also
started the first scientific journal in the field, the Journal of
Forensic Radiology and Imaging.
Forensic radiology is being developed at a cross point
between both forensic pathology and radiology (Friedrich
2012). But in addition to forensic pathologists and radiologists,
surveying engineers and radiology technicians are also involved.
Consequently, it is by no means a restricted area/subspecialty
of forensic medicine or radiology, but an expansion and broadening of both fields.
This section provides an overview of the distinct postmortem imaging modalities.

9.5.1 Postmortem computed tomography
Forensic pathologists are routinely used to perform and read
X-ray examinations, especially in gunshot and trauma cases.

However, the benefits of PMCT over X-rays are numerous and
the additional information gained invaluable (Harcke et al.
2007). Three dimensional reconstructions allow for exact localisation of foreign bodies, which is impossible with a single
X-ray. Importantly, the resulting images can be stored infinitely
and recalled for re-evaluation as necessary and the data gained
through such techniques can be sent to experts anywhere in the
world via teleradiology platforms.
The bodies are scanned either in CTs located in the forensic
institutes, or at nearby hospitals or clinics. In the latter cases,
the bodies must be transferred in special bags, for hygienic
reasons. Depending on the equipment and protocols, full-body
scans or localised scans can be performed. The radiation dose,
which is a serious problem for living patients, is irrelevant in
deceased people. Moreover, motion artifacts produced by respiration movements and heartbeat, are not an issue.
Once a PMCT has been performed, either a forensic pathologist or a radiologist may interpret it before the autopsy.
On the one hand, forensic pathologists must become familiar
with radiology techniques, understand basic radiology physics
and learn to read the cross-sectional anatomy. This involves
becoming familiar with the physiological postmortem imaging
appearance of a corpse, before being able to recognise pathological alterations of the tissues. Collaboration with a radiology
department and radiologists trained in postmortem imaging is
strongly recommended.
On the other hand, radiologists have to be trained to think
‘forensically’, as the interpretation of postmortem findings in
the forensic setting is not the same as in clinical practice (Smith
et al. 2012). Radiologists should learn basic forensic principles.
The circumstances of death and all additional case circumstances should be evaluated. Again, close collaboration with
forensic pathologists is essential.
Figures 9.4 and 9.5 show some of the normal PMCT characteristic images which should not be confused with pathologies (Smith et al. 2012).
In addition to standard autopsy findings, PMCT can be used
to provide documentation of the dentition of the deceased for
comparison with antemortem dental X-rays. Even if antemortem data are not available at the time of the examination, the
post-processing modalities of a CT dataset allow for future
comparisons. Other anatomical structures can be also used for
identification purposes (Dedouit et al. 2007; Silva et al. 2011;
Ruder et al. 2012b). Foreign object depiction is also facilitated
by PMCT scans and as a result, medical implants can also be
used for identification.
Importantly, PMCT can be used to detect radio-opaque
objects. This can be critical in cases of gunshot fatalities where
the recovery of the projectiles and their fragments is important
for ballistic examinations (Fig. 9.6a, b).
PMCT is an excellent imaging modality for depicting fractures of the skeletal system. Anatomical areas such as the cervical spine, which are difficult to access during autopsy, can be
depicted easily by PMCT (Fig. 9.6c). Comminuted fractures are
depicted with the multiple fragments in their initial, undis-
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Figure 9.4 Normal postmortem computed tomography (PMCT) findings. (a) Axial PMCT image of the head showing high attenuation of
the dorsal part of the sagittal sinus (arrow). This finding is normal in the postmortem setting and should not be confused with the
antemortem ‘delta’ sign, which suggests thrombosis of the sinus. A low attenuation area on the right hemisphere is also seen
(encircled, old brain infarction). (b) Axial PMCT image of the thorax, at the height of the arteria pulmonalis. Notice the hyperdense
structure which overlaps both lung arteries (marked red in the magnified segment). The differential diagnosis between postmortem clot
and true pulmonary embolism is impossible without additional modalities (postmortem magnetic resonance imaging, PMCT biopsy).
(c, d) Axial PMCT images of the lungs. Dorsal (c, black arrows) and frontal (d, white arrows) opacities due to internal livor mortis
indicate the position of the deceased (supine and prone, respectively).

turbed position (Fig. 9.6d). This is difficult to achieve during
autopsy, especially in the skull, where scalp removal inevitably
displaces osseous fragments.
Gas is easily depicted with PMCT. This is very important in
cases of gas embolism, as autopsy will reveal it only if the case
raises the suspicion of it. However, it should not be confused
with decomposition gas, which is a normal postmortem finding
(see Fig. 9.5).
Natural deaths still make up the vast majority of cases in a
forensic institute. Exclusion of third-party involvement and
trauma is the focus in these cases. PMCT may still be useful for
confirming or excluding a variety of natural causes of death
(Fig. 9.7). Calcification of coronary arteries, an indirect sign of
heart disease, can be depicted very well. However, PMCT is

unreliable in diagnosing other natural causes of death like myocardial infarction and pulmonary embolism.

9.5.2 Postmortem computed tomography
angiography
The demonstration of vascular pathology presents a particular
problem in postmortem examinations. During an autopsy,
small diameter vessels cannot be visualised and previously
intact vasculature may be damaged when the internal organs
are removed. Additionally, revealing vascular injuries, such as
injuries to the vertebral arteries after neck trauma, is very time
consuming.
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9.5.3 Postmortem and forensic magnetic
resonance imaging in the living

Figure 9.5 Decomposition (PMCT, coronary view). Notice the
gas in the soft tissues, as well as the organs and vessels. The
intestines are inflated and there are surface defects on the right
supraclavicular area.

Visualising normal vascular anatomy or damage can also be
challenging with regular PMCT. Blood in the cranial, thoracic
or abdominal cavity can be easily depicted, but the source of
bleeding is usually unknown in unenhanced images. Suspicion
of vessel pathologies and lesions is an indication for PMCTA
(Grabherr et al. 2008, 2011; Jackowski et al. 2008; Ross et al.
2008; O’Donnell et al. 2012). Depending on the case, either
whole body or targeted organ/regional PMCTAs (Roberts et al.
2011; Saunders et al. 2011; Rutty et al. 2012) can be performed.
For a whole body PMCTA, contrast medium is inserted into
the body through cannulas into the femoral vessels. The medium
is diluted in a carrier substance and pumped into the body
under controlled pressure using a modified heart-lung machine
(Ross et al. 2008, 2012). After the initial unenhanced PMCT
scan, scans are performed after each phase (arterial and venous)
of the angiography. The vascular tree is well depicted and leaks
or abnormalities can be shown (Fig. 9.8). Moreover, a third scan
has been proposed during additional contrast medium administration (dynamic phase) (Grabherr et al. 2011).
Prior to any PMCTA procedure it is essential to preserve
peripheral blood, urine or any other samples needed for toxicological examinations.

Although PMCT imaging is an excellent tool for foreign objects
localisation and depiction of gas and fractures, it is less effective
for soft tissues and organ pathology. This gap in postmortem
imaging is being filled by PMMR (Fig. 9.7b). Despite the longer
scanning times and the complexity of the acquired images,
PMMR provides valuable information and documentation of
soft tissue injuries and pathological alterations. Myocardial infarction is a very good example of a PMMR application. Not
only can it be depicted in PMMR, but PMMR may also visualise
peracute myocardial infarctions with short survival times and
macroscopically and microscopically concealed tissue alterations (Jackowski et al. 2011).
The influence of body temperature on the image quality has
been discussed in the literature (Kobayashi et al. 2010; Ruder
et al. 2012a). The lower the body core temperature, the more
decreased image contrast on T1-weighted images. On T2weighted images, low body temperatures lead to decreased contrast between fat and muscle tissue, and to an increased contrast
between water and fat, as well as a slight increase in contrast
between water and muscle tissue (Ruder et al. 2012a). Forensic
radiologists reading PMMR images should consider these differences compared to clinical magnetic resonance images.
One of the most significant applications of forensic magnetic resonance imaging relates to survived strangulation cases.
As is well known, the only objective findings which can be
documented are the petechial haemorrhages above the level of
the attempted strangulation (oral mucosa, eyelids, conjunctivae, facial skin) (Yen et al. 2007). However, petechiae are nonspecific signs and their absence does not exclude a life-threatening
event. Documentation of internal neck injuries is impossible
based on external examination only. Magnetic resonance offers
a radiation-free diagnostic approach to reveal and document
such pathological alterations. The presence of oedema and/or
haemorrhage of the soft tissue, lymph nodes, platysma and
salivary glands, are objective criteria that can be used to classify
such an injury as life threatening or not (Yen et al. 2005, 2007;
Christe et al. 2009).

9.5.4 Postmortem needle biopsy
A significant part of postmortem examination is the collection
of tissue specimens for histological evaluation. Minimally invasive image-guided techniques have been developed to allow
extraction of tissue samples from the deceased. PMCT-guided
biopsy involves inserting an introducer needle into the body
under CT guidance, manually, with navigation systems or with
robotic assistance (Aghayev et al. 2007, 2008; Ebert et al. 2010).
Once the introducer needle has been positioned appropriately
(targeting a focal pathology, previously seen on PMCT examination, or a specific organ area), the biopsy needle is inserted
through the introducer and the specimen is taken by firing a
biopsy pistol device.

157

CHAPTER 9   AUTOPSY

(a)

(b)

(c)
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Figure 9.6 Foreign objects and fractures on PMCT. (a, b) Gunshot injury to the head. (a) Oblique PMCT image of the head showing the
entry wound on the right parietal bone, typically with greater inner table defect than that of the outer table. Osseous fragments
penetrate the brain parenchyma. The end position of the projectile is left to the midline. (b) 3D reconstruction of the head, view from
the left oblique side. Part of the facial structures have been removed. The entry wound defect, as well as the position of the projectile,
are exactly depicted. (c, d) Fatality after fall from height. (c) Axial PMCT image of the second vertebrae. The arrows indicate fractures
of the vertebral arch, which are not easily demonstrated during autopsy. (d) 3D reconstruction of the head. The fracture pattern can be
shown prior to removing the scalp, as this can lead to fragment dislocation.

Postmortem needle biopsy is a feasible method of tissue
sampling (Filograna et al. 2012). This approach increases the
diagnostic performance of PMCT and, in combination with
other imaging modalities such as PMCTA (Bolliger et al. 2010)
or PMMR, could also be used in cases of contaminated bodies,
or where classic autopsy is being refused due to its invasive
character.

9.5.5 Surface scanning
While the above-mentioned imaging modalities offer documentation of the internal alterations and pathologies of organs
and body cavities, external findings and superficial injuries
cannot be depicted adequately. Classic photography is also
problematic, if detailed documentation of the injury is required,
as significant information may be lost in depicting a 3D surface
(such as a body part), in two dimensions.

The exact description of a patterned injury is of great importance, as it could be linked to a similarly patterned object that
applied the force. For that reason, every detail of the injury
should be recorded and documented thoroughly.
Surface documentation techniques provide high resolution
and high quality 3D polygon models of the body. Colour information can be preserved by applying specific reference markers
and taking multiple photographs from different angles. Based
on the markers, the photographs can then be fused with the 3D
surface model (Fig. 9.9). If radio-opaque markers are applied,
the model can also be fused with the PMCT information, allowing both internal and external information and documentation
to be combined in one model.
By creating similar models, the suspected injury-inflicting
instruments, crime scenes or dental imprints (Naether et al.
2012) can also be matched to the body surface injuries. This
technique can be applied very effectively to traffic fatalities
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(a)

(b)
Figure 9.8 Postmortem computed tomography angiography.
Administration of the contrast medium mixture through the right
femoral vessels (notice the parallel-lying cannulas) produces a
3D volume rendering of the arterial tree. The arrow points out a
bypass vessel.

Figure 9.7 Natural cause of death. (a) Axial PMCT image
showing a pericardial tamponade. At a higher level (magnified
inset) an intima flap of the aorta is suspected (arrows). (b)
Cardiac postmortem magnetic resonance image (T2-weighted
sequence) of the same case. The aortic dissection is now better
visualised (arrows). Aortic dissection and rupture caused the
pericardial tamponade.

(a)

(b)

(c)

Figure 9.9 Surface injury illustrations with different modalities. (a) 3D surface reconstruction from a PMCT scan dataset. (b) High
resolution surface scanning with an optical 3D scanner (ATOS III, Rev. 01, Braunschweig, Germany). (c) High resolution surface
scanning with additional colour information (retrieved from a digital single-lens reflex camera).
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reconstructions (Buck et al. 2007). In this case, scans of the
involved vehicles are also required.

9.5.6 Future perspectives and conclusions
Autopsy is still the gold standard for postmortem examinations.
However, forensic imaging methods provide a number of
advantages over/or additionally to traditional autopsy in identifying and documenting information pertinent to the case.
Three-dimensional reconstructions and images can also be
used to provide clear descriptions of the relevant findings to lay
people (Ampanozi et al. 2012). The cases can be read by experts
in the field simultaneously or at a later date, even if they are
located on other continents, via teleradiological platforms.
Problems relating to the denial of autopsy for religious or
personal reasons, the declining number of pathological autopsies, or contaminated corpses, could also be solved with imaging
techniques. In fact, these methods are already used in many
forensic institutes around the world as part of screening protocols, research tools or in daily forensic examinations. When
the imaging reports are combined with the forensic reports, a
multidisciplinary approach like this (surface documentation,
PMCT and PMMR examination, angiographic examination,
minimally invasive postmortem biopsy and traditional autopsy)
provides complementary information to the forensic examination. Forensic pathologists should embrace these new imaging
techniques by implementing them into their routine work.
Forensic radiology should not be considered a subspecialty, but
rather a wider medical field, where forensic pathology meets
radiology.
Postmortem imaging has a great potential to offer valuable
information. Not only in the forensic setting, but also in pathology cases, where the numbers of autopsies have declined enormously, postmortem imaging information about the cause of
death could contribute to improvements in health strategies
and planning.
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The Doctor, the Dead
and Their Relatives

Gerhard Kernbach-Wighton

10.1 Pronouncing life extinct and
informing the next of kin about
a death
Following the death of an individual, the doctor does not only
have duties towards the body and associated procedures but he
or she also faces a number of different tasks and issues regarding their relationship with the next of kin. Fundamental research
on this subject has been carried out by Saternus (2007a, 2007b)
who made use of numerous analyses of interactions between
the doctor and the relatives mainly based on experiences from
cases of sudden infant death syndrome.
If a doctor is called to a possible death scene, he or she
should always keep in mind the precept that the individual
could still be alive and require resuscitation. However, if certain
signs of death such as lividity and rigidity are present, resuscitation should not be performed. Nevertheless, there are a considerable number of cases where resuscitation was carried out even
though certain signs of death were noted. The reason for such
case management is that the relatives should be shown attempts
to help even when the situation appears to have no prospect of
success. The main problem of such a modus operandi is that
relatives may interpret it wrongly and expect real chances of
survival. Accordingly, it appears to be most appropriate to pronounce life extinct at the scene to avoid illusions. It may be
regarded as helpful for the relatives to repeat a thorough examination of the body while explaining the signs of death. But
this option strongly depends on the circumstances of the individual case and might assist in realising death. The doctor
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should also clarify that there had been no chance of successful
resuscitation and that there had also been no chance for such
attempts by the next of kin. In many cases, relatives who have
commenced resuscitation often blame themselves for not
having been successful because they might, for example, have
been afraid of causing internal injuries. If haemorrhagic pulmonary oedema surrounding the nose and/or mouth can be
observed, the relatives might believe that they have caused fatal
injuries by resuscitation. Frequently, traces of red blood have a
high announcement effect. As grief can considerably be affected
by self-reproachfulness, a postmortem examination should
be offered as a possibility for support especially in cases with
self-reproachfulness.
In the situation of an acute death case, the doctor should
always be aware that he or she can be confronted with a spectrum of individual types of grief. It is common that some
individuals cannot comprehend the acute incident and may
associate the loss of a beloved person to themselves. In most of
such situations, it is useful that several disciplines work together
during the acute phase, including the emergency doctor, emergency minister, crisis intervention specialists, family physician
and paediatrician. The main role of the doctor should be that
of a facilitator.

10.2 Role of the deceased
Dealings with a dead individual include: distress of the corpse,
identification and the possibility of infections; ongoing personal rights and respect for taboos and piety; and the duty and
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wish of the relatives to care for the body. Postmortem examinations are primarily focused on an optimum reconstruction.
Each postmortem examination procedure requires a medical
indication similar to medical measures during the lifetime.
The basis for all medical tasks to be performed in connection
with a dead body is made up by partially continuing the personal rights of the individual following death. Therefore, a dead
individual is not being put on the same level as a living person,
but the deceased is characterised by their own dignity. This can
be made clear by an example: following the pronouncement of
life being extinct, an emergency doctor would never undress a
body in public although a dead person cannot have any sense
of shame.

10.2.1 Distress of the human corpse
Police investigations and medicolegal autopsy may have to be
carried out against the will of the relatives in order to ascertain
the cause of death and exclude any foul play. The next of kin
therefore do not have an absolute right of objection and are not
able to intervene in order to prevent a medicolegal autopsy. The
highest court in Germany (Federal Constitutional Court) has
ruled that a postmortem examination definitely does not reduce
the claim of the deceased for general respect postmortem.
The performance of investigations by the police and the
procurator fiscal commences by removing the dead body from
the care of the relatives. Under these circumstances, a dead body
does not represent a thing but has continuing personal rights
so that it can only be taken into custody by the authorities. In
the authors’ opinion, there is no way to mark registration
numbers on the legs or feet of the deceased. The same applies
to a frequently observed habit of attaching a card with the
personal details of the deceased to the big toe. An acceptable
solution of this problem can be the attachment of a bracelet to
the wrist.

10.2.2 Identification
According to legal requirements, the identity of a deceased
person has to be determined without doubt before registration
procedures can go ahead. If the identity of a dead person is
unknown, it is a frequent procedure to call in other people who
have known the deceased during their lifetime. Organisation of
these procedures is usually carried out by the identification
branch of the police. The doctor has to fulfil the medical task
of preparation of the deceased. In hospitals, this is usually done
by nurses and in the field of forensic medicine by autopsy assistants. The necessary procedures include viewing of the body in
a suitable room, cleaning of the face with removal of blood,
body fluids, vomit and cosmetics, covering the body with blankets and then covering and reconstruction of mutilating injuries. An initial conversation with the next of kin who are about
to view the body is the duty of the doctor and cannot be del-

egated to others. Such contact should always include the offer
of a second meeting following viewing.

10.2.3 Infectious diseases
The law requires the doctor to report such diseases to the
appropriate health authorities if the deceased suffered or has
died from them. Although there is in Germany the requirement
to report only human immunodeficiency virus (HIV) cases
anonymously following death, the same precautions have to be
observed as required for other reportable infectious diseases.
Another duty of the doctor is information given to the relatives
about an infectious disease of the deceased should they have
been living with or in close contact with the person, as possible
infection transfer does not automatically cease with death.
Importantly, haemorrhagic pulmonary oedema represents a
remarkable source of infection. Although it can run spontaneously from nose and mouth of the deceased, this happens frequently when the body is turned or otherwise moved (especially
during external examination of the body). If it is wiped away,
this sympathetic act may represent a considerable source for
infection. So the recommendation for relatives who dress the
deceased prior to bedding him or her into the coffin has to be
considered with precaution regarding a potential risk of infection. Apart from practical obstacles which might be represented
by postmortem rigidity, dressing a dead body may always bear
the risk of coming into contact with excretions, blood or other
bodily fluids. Even in the field of modern postmortem medicine, the risk of postmortem infection cannot be neglected.
However, it is still rather rare that a corpse is covered with
blankets soaked with disinfectants even in cases of diagnosed
reportable infectious diseases. The use of disposable and biodegradable body bags and using transport coffins made from
synthetic material have helped to avoid dripping of infectious
body fluids. However, in the case of infectious diseases, the
corpse has to be transferred to a mortuary as soon as possible
taking into account that the next of kin have to perform their
farewell procedures.

10.3 Respect for taboos and
propriety
Concerning how to deal with their deceased, there are considerable differences between cultures and even individuals. It is
important that the next of kin make the arrangements for the
funeral and not the heirs. They are bound by testamentary
instructions regarding their decisions about postmortem exam
ination, harvesting of organs and also by instructions concerning if the deceased wanted their body to be used for postmortem
medical experiments. If no will of the deceased has been documented, the decision to offer organs for harvesting is up to the
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next of kin. If death has occurred suddenly and unexpectedly,
it is common for the relatives to want to take leave of the dead
person. If there are no concerns about infectious diseases,
viewing of the body may be allowed within the domestic environment. In this case, the doctor should take care of the room
temperature to avoid decomposition of the corpse which might
develop rather quickly in warm rooms. Forensic medicine
allows some emotional space to enable the next of kin to take
leave of the deceased if there are no restrictions due to police
investigations.
How a farewell procedure should take place should never be
seen as a medical task. Grief shows multiple individual differences with cultural influences. If there are no concerns about
infectious diseases, it would be difficult to identify arguments
to prevent the next of kin from physical contact with the
deceased. Even with a more quiet grief procedure as is more
common in central European culture, the wish for physical
contact during a farewell procedure appears to be typical. In
forensic medical experience, mothers often ask as if they can
kiss their dead children. This can be allowed, but a thorough
cleaning of the face of a deceased person should always be
carried out using wet and dry cloths. However, intense rubbing
may cause considerable damage to the superficial layers of the
stratum corneum resulting in drying up of these areas or even
slight mummification.
Respect for a sense of piety should also apply to the postmortem examination itself. This is important for long dissections of the skin for returning dissected organs to the body
which should be covered by the shroud; and for the reconstruction of the body appearance as, for example, the appearance of
the neck; and also in the use of very fine stitches. It should
always be respected that in certain cultures removal of whole
organs may represent intense stress for the relatives although
this may not apply to retaining only parts of the organs. If the
postmortem examination is being performed to the highest
professional standards and the relatives become aware of fine
and meticulous stitches when touching the body, it is typically
no problem for them to regard them as wounds similar to surgical incisions. It is important that the next of kin recognise the
postmortem examination is characterised by respect for the
deceased and that preceding worries and fears do not reflect
reality. Such awareness enables them to accept a performed
postmortem examination and may also create the basis for
further conversations.

10.4 Manner of death and police
investigations
In cases of suspected unnatural deaths, all efforts should be
focused on homicide and manslaughter, respectively. If there is
such a possibility, all communications with the next of kin have
to be restricted according to the guidelines of the prosecution
and investigating police. The doctor always has to report any
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suspicion of unnatural death or unexplained death to the
police. If possible, the relatives can be included in an initial
discussion to avoid a lack of confidence as their primary intention had been the request for medical help. A conversation with
the next of kin should therefore always include some explanation about the necessity to investigate an unknown cause of
death officially. This does not automatically represent distrust
towards the relatives but it has to be seen in their interest as
well. From this arises the requirement that the doctor takes over
as a facilitator at the time the police arrive, maybe by initially
asking whether the body can now be shown to the investigators.
However, consent by the relatives to approach the body is legally
not required.
The next of kin may be confused while their flat or house is
at the centre of police investigations. The scene can be described
verbally and should be photographed as well as the body, so
the requirement for photographic documentation should be
explained to them. Such explanations should also deal with the
standardised procedures regarding transport of the corpse by
funeral directors instructed by the police. At this point, it might
be appropriate to mention that the transport of a body to a
mortuary does not necessarily result in a medicolegal autopsy
as the decision about this is left to the procurator fiscal. All
formalities to organise the funeral have to be postponed until
the body is officially released.

10.5 Dealing with the relatives
As already mentioned, there is a wide spectrum of different
types of grief. Compared to cases showing a long protracted
agonal period, as for example with chronic diseases such as
cancer, reactions of mourning can be expected to be more
intense in cases of sudden and unexpected death. Mourning
individuals also require respect and sympathy. The variety of
individual reactions may include collapse, need to escape or
panic, desperate crying, overactivity and inflexibility perhaps
giving the impression of being uninvolved. In the case of selfreproachfulness about the death of a beloved person, autoaggressive behaviour may also occur, such as banging the head
against a wall or striking the door with a fist. However, it is
possible to say that a medical conversation is possible in most
cases.
Following pronouncing life extinct by an emergency doctor,
the family doctor, or in the case of sudden infant death frequently the paediatrician, is also called to the scene of death. It
may be helpful in some cases to offer personal condolences and
express the doctor’s sympathy for the bereaved family members.
It may be necessary to create a calm atmosphere to be in a position to talk to the next of kin while sitting. The bereaved may
recognise that there is now someone who has plenty of time to
deal with their situation and emotions. During this meeting,
the doctor should await questions from the relatives about what
will help support their feelings and reassure them that they play
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the central role. All questions have to be answered in short and
precisely. Most of the next of kin having been dealt with in this
way following the death of a family member have expressed that
they experienced a warm comfort. Sometimes, people in most
need for consolation can appear overactive and indifferent
about the actual incident.
Things may be different in cases of sudden infant death.
Often, parents are not in a position to realise what has happened during the acute series of events. They have an unreal
impression of what is happening around them and cannot associate the death of their child with themselves. However, if the
parents get the impression that the doctor or other involved
people show an adverse attitude towards them, such as by
giving time restrictions or not showing enough interest, this
might result in long-lasting and intense feelings of insult following this acute and inconceivable situation. Prior to leaving,
the doctor should also check with the next of kin whether they
are isolated within the family or can receive help from other
family members. If there are no such people within the social
context of the bereaved parents, the doctor should recommend
a visit by an emergency minister. Such help is available anywhere and does not depend on religious belief.
It can also be helpful to make an appointment directly for a
second contact and conversation. Grief does not have to be
considered as some sort of illness but represents a normal reaction over the loss of a beloved person. Defined phases cannot
be differentiated, but there is the probability of oncoming selfreproachfulness once the acute situation of shock has finished.
Relatives may feel very unsettled sometimes, even due to the
fact that members of the former social context simply withdraw
from them. Furthermore, it has proven not to be wrong to
address the issue of grief privately as well as during further
contacts between doctor and parents.

10.5.1 Farewell procedures
When farewell from a deceased is described in the current literature, this often comprises viewing of the body by the relatives and an intimate gesture such as touching the body. In
acute death cases, most of the time is taken by the resuscitation
attempts. It is rare that the next of kin are asked whether they
would want to be part of the resuscitation procedures or not.
In case they have been asked to leave the room for medical
reasons, there might be invincible barriers to facing the corpse
again. However, if the next of kin did not take the opportunity
of an offered farewell procedure, they might later feel guilty
about not having taken this opportunity. During grief this can
develop as a considerable problem as the next of kin might
develop a feeling of being left alone without professional
support. In the light of this development, it has been proven
that showing some mild form of paternalism, meaning a
number of attempts to address the issue of taking farewell, is
effective although there might always be some emotional
resistance.

If the next of kin had considered it to be impossible to take
farewell, prior to a medicolegal autopsy, they should be offered
this opportunity following the postmortem examination.
Exclusion of this possibility would only be reasonable if there
is, for example, suspicion of an infectious disease, mutilating
injuries or advanced postmortem changes. Bidding farewell
always comprises some sort of physical body contact. Therefore,
the technical procedures at forensic autopsy also aim to reconstruct the corpse to the best of their abilities. Reconstruction
therefore does not only focus on closing the incisions caused
by dissection but also on re-establishing mutilating injuries. At
the end, it is only a full postmortem examination which helps
the next of kin to avoid unjustified self-reproachfulness.
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Transplantation

Gerhard Kernbach-Wighton

11.1 Regulations and procedures
in Germany
The current Transplantation Act was passed by the German
Parliament in 1997. Its primary intention was to create the
prerequisites to encourage people to act as organ donors.
The act differentiates between organ retrieval involving dead
donors and organ or tissue harvesting from living individuals.
In the case of dead donors, the legislator has decided for the
variant of an extended consent solution meaning that the next
of kin or other close relatives can allow for organ donation in
cases where a definite declaration does not exist from the
deceased himself. Organ retrieval is not allowed if the potential
donor had already objected. So his or her will takes precedence
regarding possible decisions made later by, for example, the
relatives.
Any organ donations from dead individuals are only permitted if brain death has been diagnosed beyond any doubt according to the regulations of the Transplantation Act. It is the
current state of medical science that an individual can be
declared dead once brain death has occurred even if vital functions such as gas exchange and blood circulation can still be
kept up by life support machines. Brain death is documented
in Germany by the absence of the entire electrical activity
of the brain based on repeated electroencephalogram (EEG)
examination. Other possibilities would be cerebral angiography
or Doppler sonography documenting a complete standstill
of the intracerebral blood circulation. These are rather high
thresholds compared to those in other European countries.
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Furthermore, the regulations issued by the German Medical
Council prescribe that a diagnosis of respiratory arrest is obligatory for brain death diagnosis. Due to the physiological effects
of hypercapnia, it can only be performed as the last part of all
other medical examinations. Central respiratory arrest can be
ascertained if an otherwise healthy individual does not start to
breathe on their own with a PCO2 over 60 mmHg. All required
investigations have to be carried out by two doctors acting
completely independent from each other and both working
outwith the medical teams responsible for organ removal and
transplantation of the retrieved organs and tissues. Standardised reports have to be issued by both doctors stating the exact
time of the occurrence of individual death.
When the German Transplantation Act was passed in 1997
it was the first time that regulations concerning organ donation
by living individuals were also issued, although this appears of
only minor importance today. There are clear legal definitions
for a potential donor, so the patient must be of age and has to
be able to give his or her unlimited informed consent. It is also
required that the risk of the operation for organ retrieval must
not bear any additional risks or dangers. Organ transplantation
has to be a medically suitable way to maintain life or to cure
serious disease, to avoid exacerbation of an illness or to reduce
current complaints. Other obligatory preconditions say that the
operation has to be carried out by registered medical practitioners. The organ donor has to be examined medically and
there are special regulations regarding the conservation, preparation, storage and transport of human organs
The German Transplantation Act also includes regulations
about the organisation and infrastructure of organ donation
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procedures in Germany concerning the heart, kidneys, liver,
lungs, pancreas and intestines. The only places allowed to carry
out organ transplantations are high-performance hospitals or
other specialised clinical centres requiring special approval.
Such centres are committed to keep appropriate waiting lists
for patients requiring transplantation, to register patients
according to the guidelines issued by the German Medical
Council and to observe the regulations on organ retrieval and
transfer. Centres also have to provide the aftercare of patients,
and follow measures for quality assurance for comparison purposes with other involved clinics.
The allotment of organs available for transplantation is
carried out according to urgency and prospect of success based
on a view from the actual state of medical science. On a contractual basis, coordination centres have been established and
made responsible for the whole organ transplantation management based on obligatory close collaboration between all
centres and hospitals involved. The law also allows the possibility of such an appropriate centre based outwith the Federal
Republic of Germany, as for example ‘Eurotransplant’ based in
Leyden in the Netherlands. As there is a considerable shortage
of organ donation, this creates a rather strong attraction to
provide some of these organs for money. Therefore, any trade
with human organs is strictly prohibited not only by the
German Transplantation Act, concerning retrieval, recipiency
and implantation of such organs. A number of European Directives are also in place.
The regulations also prescribe involvement of a commission
who have to check whether or not the decision for organ donation has been voluntary or the organ may be subject to prohibited trafficking. The circle of people being suitable for living
organ donation, however, is no longer limited to genetically
related people but is generally wider, including also people
in obvious close relationship to the recipient of an organ
transplant.
The German Transplantation Act of 1997 does not deal with
so-called xenotransplants, for example organs, tissues or cells
originating from animals, as such transplants are to date only
of very minor importance. Another special area may be seen in
the retention of parts of a dead body, for example during a
postmortem examination. Main body parts to be taken after
death include corneas, auditory ossicles, tendons and the dura
mater.
As a consequence of recent EU Directives there are a number
of regulations in place concerning procedures surrounding
human bodies. One of the most important ones is the EU
Directive 2004/23/EG which deals with quality and safety
standards for donation, retrieval, testing, processing, conservation, storage and distribution of human tissues and cells.
Further relevant statements about handling of substances with
human origin are given by the Convention on Human Rights
and Biomedicine of the Council of Europe 1997 and the Additional Protocol to the Convention on Human Rights and Biomedicine on Transplantation of Organs and Tissues of Human
Origin 2002 (Transplantation Protocol). Article 21 of Conven-
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tion 1997 regulates that the human body or parts of it must not
be used to gain any financial profit. Articles 21 and 22 of the
Additional Protocol 2002 define the prohibition of trading and
its limits. Article 22 of the Convention 1997 highlights the
protection of the human body or parts of it against further
unauthorised perusal. If any part is being removed it may solely
be used for the primary purpose it has been retrieved for. Any
deviation from previous planning would require extensive
informed consent procedures. Articles 16–18 regulate the preconditions regarding postmortem harvesting of organs and
tissues, especially the diagnosis of brain death and the consent
required prior to any medical procedures as well as aspects of
dignity towards the human body.
As another example of regulative procedures, the Declaration of Helsinki 1964 has to be mentioned. It was lastly adopted
by the World Medical Association (WMA) in its General
Assembly in Seoul, Korea, in October 2008. Although the Declaration does not provide legally binding regulations it has been
declared to be in force in several countries as it was implemented in their professional medical legal regulations.

11.2 Legal prerequisites and
procedures in the UK
It is generally accepted that legal aspects vary widely concerning
organs and tissues, and also between multiple national laws and
ethnic and religious practices worldwide. However, only very
few of the major religions definitely forbid transplantation. The
law in the UK differentiates between three types of organ or
tissue donation: homologous, live and cadaveric donation.
1. Homologous donation means transplantation of tissue
from an area of one body to another in the same living
patient (e.g. skin or bone grafting). In the UK, there are no
legal implications for such procedures except that informed
consent is required. Another possibility is the transfusion
of the patient’s own blood which had been retained prior
to surgical procedures in order to avoid infections by contaminated blood reserves. In the case of elective surgery, the
blood can be taken off and stored when the patient is in a
stable condition and used when required. A special variant
of this homologous transfusion applies to Jehovah’s Witnesses who have a complete ban on receiving donor blood
or tissue.
2. Live donation mainly refers to transfer of blood and bone
marrow. As both represent so-called regenerative tissues
they do not pose a threat to the health or life of the donor.
Live organ donation was, until recently, confined to paired
organs such as the kidneys, but nowadays also a lobe of the
liver can be transplanted. The donor organ usually regenerates within a few weeks’ time. If an important organ like a
kidney is retrieved from a living donor, his or her individual health risk is increased considerably, and this particularly applies to poor people in developing countries.
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Therefore, such procedures have been deemed unethical
and are even illegal in many countries. Because of this,
the UK has passed legislation banning the use of commercially obtained human organs. This law also has the option
that doctors involved in such procedures may be found
guilty of serious professional misconduct by the UK
General Medical Council and also be liable for criminal
prosecution.
3. Cadaveric organ donation represents the only procedure to
retrieve unpaired organs such as heart and pancreas and is
also the only way for harvesting lungs. In the UK and other
European countries, most of the kidneys are obtained from
corpses compared to rather rare live donation. It is a general
prerequisite that the organs have to be retrieved whilst the
heart and the blood circulation are still working, supported
by artificial respiration, in order to minimise the ‘warm
ischaemic time’ to increase the chance of successful transplantation. In general, kidneys are thought able to survive
up to 30 min of even anoxia although the failure rate has
been found to be considerably greater than with ‘beating
heart’ donations.
There is a wide range of different legal regulations for
obtaining human organs. In a number of countries, there even
exists an ‘absolute right’ for organs to be taken, irrespective of
the wishes of the next of kin. In others, organs can be taken
automatically, unless the relatives object. This way represents
the so-called ‘opting-out’ system contrary to the ‘opting-in’
system such as that in force in the UK. Here, the authorities
wishing to take organs have to make every active efforts to
obtain either the permission from the patient during life or that
no close relatives object following death. However, in 2013 there
may be fundamental changes to the legislation. In the future,
definite objection of the patient against organ donation will be
required, meaning that organ retrieval will always be allowed
as long as the patient has not definitely objected.
In the UK, the Human Tissue Act was passed in 2004 and a
comparable Act in 2006 for Scotland. The Human Tissue Act
2004 is an act of the UK Parliament that consolidated previous
legislation and created the Human Tissue Authority to ‘regulate
the removal, storage, use and disposal of human bodies, organs
and tissue’. The act was brought about as a consequence of,
among other issues, the Alder Hey organs scandal, in which
organs of children had been retained by the Alder Hey Children’s Hospital without consent, and the Kennedy inquiry
into heart surgery on children at Bristol Royal Infirmary. A
consultative exercise was followed by the Government’s Green
Paper called ‘Human Bodies, Human Choices’ (2002) and
earlier recommendations by the Chief Medical Officer, Sir Liam
Donaldson.
The Human Tissue Act 2004 allows for general anonymous
organ donation. Previously, the Human Tissue Act 1961 allowed
living people only to donate organs to those with whom they
had a genetic or emotional connection. The recent act also
prescribes that a licence is required for those intending publicly
to display human remains, as for example in exhibitions. The
act also specifies that in cases of organ donation after death,

the will of the deceased always takes precedence over the wishes
of the next of kin. The act prohibits selling organs. In 2007, a
male became the first person convicted under the Human
Tissue Act 2004 for trying to sell one of his kidneys online for
£24 000 in order to pay off his gambling debts. The act does not
extend to Scotland. Its counterpart there is the Human Tissue
(Scotland) Act 2006, which consolidates and overhauls previous
legislation regarding the handling of human tissue under different purposes.
In summary, the Human Tissue Act 2004 states that a person
being lawfully in possession of a body may authorise the use
of donor organs or tissues, if having made such reasonable
enquiries as may be practicable, there does exist no reason to
believe that the deceased had indicated during life that he or
she had objected to donation or the surviving next of kin object.
It is interesting that exactly the same criteria apply to a postmortem examination (autopsy), other than one instructed by
the coroner or equivalent medicolegal authority such as the
procurator fiscal in Scotland. In the case of organ donation and
where the death case is being reported for a medicolegal inquiry,
permission by the coroner or procurator fiscal has to be
obtained before removal of organs can take place.

11.3 Criteria for the diagnosis of
brain death in the UK
Prior to any medical procedures aiming to obtain organs or
tissues from a dead individual, it has to be absolutely ascertained that no person will ever be prematurely or incorrectly
diagnosed as being brain dead. Accordingly, appropriate med
ical procedures have been developed in Britain, Continental
Europe and the USA. The British equivalent is represented by
the definitive Code of Practice published by the Department of
Health, based on criteria decided in 1976 and 1979 and lastly
updated 1998. The Code was prepared by a Working Party
established through the Royal College of Physicians on behalf
of the Academy of Royal Medical Colleges at the request of the
UK Health Department. These are now accepted in many parts
of the world, both by doctors and legal authorities. However,
the more strict regulations in Germany prescribe a negative
EEG being performed at least twice and possibly a negative
outcome of investigations on brain blood circulation.
The clinical criteria valid in the UK can be summarised as
follows:
• The patient must be in deep coma which is not due to
depressant drugs, metabolic or endocrine disorders (e.g. diabetic coma) or hypothermia.
• The patient must be on mechanical/artificial ventilation
because of absent or inadequate spontaneous respiration.
Neuromuscular blocking agents and any curare-like drugs
must be excluded as a possible cause of such respiratory
failure.
• A firm diagnosis of the basic pathology must be available
and must be known to be due to irremediable brain damage.
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The most common causes have shown to be head injury and
subarachnoid haemorrhage caused by a ruptured cerebral
artery aneurysm.
• All diagnostic tests for brainstem death must be unequivocally positive. All checks have to be carried out by two
doctors, preferably one being the physician in charge of the
patient (registered medical practitioner for at least 5 years,
experienced with such cases), who are acting in a team with
another independent physician similarly experienced. It is
common that the doctors involved are either specialists in
intensive care, general physicians or specialists in accident
and emergency medicine or internal medicine. In reality,
neurologists and neurosurgeons are often involved, but are
not essential for establishing the diagnosis. None of the
doctors concerned with the care of the patient or the final
diagnosis of brain death must be part of the transplant team.
All diagnostic tests have to be repeated at least once within
a certain time frame and have to be documented and signed
by both doctors.
There is a range of tests which should be performed.
Although further investigations, such as EEG and even cerebral
angiography or cerebral blood flow measurements are required
in a number of European countries, it is still the opinion of
British medical experts that clinical tests provide sufficient evidence of brainstem death. The following checks and examinations and symptoms, respectively, are included:
• All reflexes originating from the brainstem are absent. The
pupils are fixed and do not react to light. The corneal reflexes
are absent. A persistence of spinal reflexes is deemed to be
irrelevant in the diagnosis of brainstem death.
• The vestibulo-ocular reflex is negative when ice-cold water
is introduced into both ears.
• There are no responses from any cranial nerves or response
to painful stimuli.
• No gag reflex can be provoked by a catheter being introduced into larynx and trachea.
• There are no respiratory movements when the patient is
being disconnected from the ventilator (arterial PCO2 level
above 50 mmHg as a stimulus to breathing).
• All tests must be performed with a core body temperature
not less than 35°C in order to avoid hypothermia simulating
brainstem death.
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are currently often being carried out in autopsy suites. Overall,
the possible forensic medical tasks can be divided into antemortem, perimortem and postmortem tasks.
If a patient is being considered for organ donation, one of
the main antemortem involvements of the forensic pathologist
comprises profound advice to the procurator fiscal/public prosecutor in order to avoid loss of important medical information
of the case especially regarding reconstruction purposes. It is
common for the procurator fiscal to instruct a forensic medical
examination of the patient during ongoing clinical treatment.
In this case, there may be some overlapping between the tasks
arising from clinical forensic medicine and forensic pathology.
The results of any examination have to be well documented
including photographing if necessary. If a patient is being considered suitable for tissue retrieval, advice may be required by
the police and also a thorough examination to avoid loss of
important findings.
The typical perimortem involvement of the forensic medical
expert comprises his or her presence in the operation theatre
during organ retrieval. Although there might be practical problems regarding time of day and duration of the operation for
organ retrieval, there are a number of definite advantages. Injuries can be documented directly and unchanged and any differences between the findings before and after the operation can
be identified. Medical records are to hand and direct and close
communication with the surgeons involved can be realised
including access to all clinical results. Alternatively, if no forensic pathologist can be present, the clinicians should be asked to
document all relevant findings in order to enable full reconstruction under forensic medical aspects.
Postmortem tasks of forensic pathology are also preferably
to support or even carry out tissue retrieval in autopsy rooms
such as harvesting of tendons or heart valves. Although an
examination has to precede the retrieval, there might be loss of
certain findings if, for example, the major part of the heart is
taken. However, it is possible in some cases that remaining
organ parts are provided for histological examination, but
unfortunately not in all cases. Typical tissues taken postmortem
are the cornea (usually by ophthalmologists), tendons and
heart valves.

Useful websites
11.4 Special forensic medical
aspects of organ donation and
tissue retrieval
There are a number of forensic medical tasks and issues which
may arise from the responsibility of the forensic pathologist.
Depending on the circumstances of the actual case, there might
be concerns over harvesting of living organs when the blood
circulation of the patient is still occurring and also postmortem
retrieval of tissues as, for example, tendons and corneae that

Juris, Bundesministerium der Justiz, www.bundesrecht.juris.de/
bundesrecht/tpg.
Schweizerische Eidgenossenschaft, www.transplantinfo.ch.
UK Human Tissue Act 2004, www.legislation.gov.uk/ukpga/2004/30.
(All last accessed 25 April 2013.)
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Anthropology and
Osteology

Cristina Cattaneo and Daniele Gibelli

12.1 Introduction
Anthropology and osteology play a fundamental role during
the retrieval of cadavers or unidentified human remains, particularly as concerns identification. Personal identification is
one of the most relevant steps of an autopsy, and in all forensic
medicolegal investigations, for a number of reasons. In all
countries with a structured legal system, cadavers must be formally identified. The reasons behind such obligations are first
of all ethical and moral, and aim at giving each corpse a name.
However, identification is also important for specific aspects of
criminal investigations and civil procedures: without knowing
who the victim of a crime is, it is almost impossible to begin
investigating. Also, without appropriate identification of the
deceased, civil matters such as inheritance issues, payment of
insurances and so on, cannot be concluded. Therefore, before
knowing how a person died and when, it is necessary to ascertain who he or she actually is. Identification has become a
growing issue (or rather the issue of unidentified cadavers has)
especially if one considers the problem of looser social ties in
general and illegal immigration which may at times lead to
cadavers with no id found on them.
Very few studies report the number of unknown decedents
recorded within their departments of legal medicine or in their
country. The official estimate of the problem is not yet completely known in Europe, although in some countries specific
database systems for recording corpses without identity are
beginning to be developed. In the USA, the quantification of
such phenomena, although fragmentary, is described in more
detail; the most relevant epidemiological data report a figure of
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4.4% unidentified decedents per year, with time of identification for 83% of cases within 2 days: however, 0.3% of all the
recorded cases remain unidentified.
These numbers are substantially confirmed by epidemiological studies performed in the few countries or cities which
try to keep a general registry of unknown decedents: in Milan
(Italy) between 1995 and 2012, 3.1% of all cases which arrived
in the morgue were unidentified, with a mean of 32 new cases
every year, of which 17% remain without a valid identification.
This information shows a worrying scenario and an incompletely described phenomenon, affecting in a similar way all
countries without geographical or cultural distinction; in addition, the few studies available in literature show that many
unknown decedents come from their own countries, in contradiction to the common opinion that all unidentified decedents
are immigrants.
Personal identification is therefore a complex issue, especially if one considers that it includes various aspects. There
are three main modes of presentation of a decedent showing
uncertainties about his or her identity, and each of them
requires a specific modus operandi. The first type is the most
common and includes the ‘completely unknown decedents’,
where there is no general indication of who the person may be.
These cases first of all require a reconstruction of the biological
profile of the individual, with definition of sex, age, ancestry,
height and so on. These data will be useful to select the possible
identity suspects (e.g. among missing persons) to compare with
the decedent in order to reach a positive identification.
The second type includes the so-called ‘AKAs’ (‘also known
as’), whose identification is not certain because based on fake
generalities concerning name, surname, date and place of birth
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and nationality, as frequently given by illegal immigrants. This
information can be false and thus not recorded by the consulates and civil offices of the original country. Sometimes the
same individual may give several identities, and upon death
the preliminary search (e.g. via fingerprint analysis, usually the
automated fingerprint identification system AFIS) yields several
names. This paradoxical situation (an individual with many
names, but without the real one) is no less difficult than the
case of the ‘completely unknown decedents’, and sometimes
cannot be solved since local consulates do not have indications
concerning the true identity of the subject and Interpol offices
are still attempting to link, on an international basis, unidentified bodies with missing persons.
The third case concerns corpses which cannot be visually
identified, but where there is actually a suspicion of identity,
such as a concrete idea of who the person may be. In these cases
identification is limited to the secondary procedure of comparison between antemortem and postmortem data, which may be
performed by DNA, odontology or other disciplines.
As to what each specific legal system implies as reliable identification, this is another matter. If the body is well preserved,
it is frequently sufficient to have family or acquaintances formally and responsibly identify the body. But in the case of
decomposed cadavers or remains, this cannot and must not be
the case, although some judges would like to conclude identification (saving on expenses is usually the issue here) via personal belongings, clothing or other non-biological evidence. It
is clear that this is an incorrect procedure and that biological
identification, when possible, should always be sought in order
to avoid serious mistakes: Interpol procedure, for one, stresses
this point.
Personal identification may therefore be requested for bodies
in different conditions, from the well preserved to the skeleton.
The variety of conditions necessarily require a multidisciplinary approach to the issue, which may involve, along with the
forensic pathologist, anthropologist, odontologist, DNA expert
and/or fingerprint expert.
The following is a brief survey of anthropological methods
used for building the biological profile of unidentified human
remains/skeletons (personal positive identification through
anthropology and osteology is discussed in Chapter 64). In such
cases, the pathologist must use as many disciplines as necessary
to build an identikit of the cadaver or human remains which
should be automatically matched with missing persons databases (where these exist and if the person has been reported
missing by someone) and/or giving maximum circulation of
the image on newspapers, journals and so on. Here, anthropology and osteology are usually fundamental disciplines. At times
pathologists may be well trained in osteology; if this is not the
case the pathologist should seek the help of an expert anthropologist or osteologist used to working in the forensic scenario.
The following paragraphs show how osteology and anthropology may be fundamental for the identification not only of
skeletal remains but also of burnt, decomposed or dismembered cadavers. The role of the anthropologist may be funda-

mental also in the recovery of such remains. A proper scene of
crime investigation in cases of skeletal remains guarantees
a complete and adequate recovery when done by an expert
osteologist.

12.2 Preliminary steps
12.2.1 Recovery of human remains
In several scenarios of scenes of crime, the pathologist might
not have proper training to retrieve and properly deal with
human skeletal remains. In this respect, forensic anthropologists are key personnel in the case of skeletonised, partlyskeletonised and charred remains, and offer an area of expertise
that can complement that of the medicolegal staff. Lack of such
expertise may lead to serious errors such as non-retrieval of
skeletonised remains scattered across the surface by fauna. In
order to recover the entire skeleton, it is necessary to be able to
perform quickly an inventory of all human bones and know
how to identify them. On numerous occasions, body parts
which are at or near the scene of crime are not collected. In
particular, when dealing with non-adult skeletal remains, very
small bone pieces can be misidentified or simply not recognised
by non-experts. This implies loss of information. Similar or
even more difficult problems are encountered in the case of
charred bodies where the specialist has to retrieve all body parts
scattered in a car, for example, among other debris.
Figures 12.1–12.3 represent three classic scenarios in which
the forensic anthropologist is of paramount importance. The
first case it that of a well-articulated, in situ skeleton still wearing
clothes (Fig. 12.1). The anthropologist will need to recover and
register the position of all bones and bone fragments and check
nearby if there are important elements such as larvae, pupae,
bullets and so on.
The second case concerns dispersed skeletal remains, where
the anthropologist needs to search and register the position of
remains which have been spread maybe over kilometres by
animals and other organisms (Fig. 12.2, which also shows a map
of the area of interest in this case). Scavenged remains are
usually scattered, with consequent decrease in number of bone
segments available for anthropological analysis aiming at personal identification and assessment of lesions: in addition,
animal lesions are usually superimposed to pre-existing ones,
and this makes their analysis and identification more complicated. Moreover, animal activity usually is added to the natural
modification of the human remains caused by gravity or geological modifications.
The third case concerns charred remains (Fig. 12.3). Along
with the procedures involved in the above-mentioned two
cases, anthropologists here must also insist on sieving all burnt
material in order to verify whether there may be hidden fragments of bone or teeth fundamental for osteological analysis.
In the case of buried remains, these at times need to be collected
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Figure 12.1 Skeletonised body of a woman found on a rubbish site 1.5 years after her death. The skeleton is still in anatomical
connection and dressed; the cranium is fragmented.
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Figure 12.2 Example of dispersion of bone segments in a wooded area affected by extensive animal colonization and a steep slope: the
movement of bone remains was due both to gravity and animal activity.

with stratigraphical and archaeological strategies. Most anthropologists have experience in excavation; otherwise a forensic
archaeologist should be called in (another subdiscipline of
anthropology). Retrieval and registration of remains without
archaeological methodology will lead to loss of body parts, loss
of stratigraphical information useful for determining the postmortem interval (PMI) and damage to bones which will lead
to difficulties in interpreting bone trauma.

Sometimes the anthropologist is even involved in the search
and recovery of buried human remains (Fig. 12.4). The
search for buried human remains is affected by the risk of
modifying the surroundings and the position of the corpse by
rash attempts at recovery which may reduce the information
obtainable by the subsequent anthropological analysis, and
therefore the chances of reconstruction of cause and manner
of death. Forensic archaeology is the discipline which applies
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(a)

(b)

(c)

Figure 12.3 Example of a charred body found in a car. An informant reported that the hands were cut off after death in this victim of
an execution by organized crime. (a) The body showed the absence of the distal portion of both the upper limbs. (b) However, a search
for bone fragments on the floor of the car revealed two fragments of the right and left radius (indicated by red circles) which did not
show signs of cut marks. This particular region of the wrist would very likely have been cut or maimed if the hands had been cut off.
(c) The bones found from the first recovery of the body (in blue) and the second search of bone fragments in the car (in red).

(a)

(b)

(c)

(d)

Figure 12.4 The recovery procedure of a buried body: (a) removal of superficial layers of the soil; (b) exposure of the skeleton; (c)
cleaning of the surrounding area with respect to the anatomical position and stratigraphic characteristics of the soil; and (d) complete
exposure of the burial.
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the techniques of search and recovery commonly performed in
archaeological context to forensic cases; this approach allows
one to preserve the original position of the body, with the
lowest risk of damage to human remains.
The archaeological approach to search and recovery of
human remains is based on several methods which can be
applied to the specific cases. Aerial photography and, more
simply, field walking may provide initial information concerning the deposition site. Field walking is performed by reconnoitring the area with several people, moving at a distance
from each other of about 1–2 m, with superimposition of the
visual field of 20–30% of the total area, in search of bones or
other significant material appearing on the surface. Using a
metal detector can help in finding personal belongings buried
with the corpse. Aerial photography may provide further indications about vegetation anomalies which may hide a buried
corpse, although it is expensive and is influenced by buildings
and trees.
Moreover, the application of new technologies such as conductivity and resistance detectors (geophysics) can point out
alteration in the soil inner layers, which may indicate a burial
site. The first phases of archaeological recovery involve exposing the outline of a deposition site by a trowel (as well as other
stratigraphical units), followed then by the removal of the first
soil stratum (Fig. 12.4). The excavation is carried out by removal
of the soil by exposing structures found in the deposition site.
The human remains are then photographed and described, in
order to reproduce the precise position and orientation of the
corpse. The removal of human remains can be carried out, with
analysis of underlying soil and search of useful evidence for
reconstruction of the cause and manner of death such as bullets
and small objects. The results of the archaeological approach
are a precise documentation of the deposition site and the surrounding environment, a more complete recovery of bone elements and the precise reconstruction of position and orientation
of the remains. Moreover, a more complete recovery of human
remains increases the chances of preserving bone lesions and
therefore of performing an analysis of the cause and manner of
death.

12.2.2 PMI determination of remains
Estimation of PMI becomes difficult with the beginning of
decomposition processes: the morphological modification of
the body depends upon a number of environmental and individual factors, which are difficult to predict. In these cases,
forensic entomology may be the only tool useful for an estimation of time of death. But for the natural sciences, the morphological approach based on the macroscopic examination of the
body usually provides a limited number of data: in the last few
years, a newly introduced method, based on accumulated
degree-days (ADD) has been developed, which takes into consideration the relationship between the general decomposition
of the body (evaluated by a score) and the number of environ-
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mental degrees recorded since death. The method, although it
provides a new attempt at standardising the correlation between
the macroscopic appearance of the body and time, is affected
by relevant limits which derive from the absence of individual
factors which may influence decomposition (such as the weight
of the body) and the inaccuracy in recording the environmental
temperature, especially in case of sites distant from meteorological centres. Other formulae have been developed in the last
few years for buried samples, but much research still needs to
be done.
There are even more problems with skeletonised samples.
When skeletal remains are found, the question sometimes is
whether or not the remains are recent or historical (or even
ancient). Most anthropologists know that a 100-year-old bone
(i.e. a bone with a PMI of hundreds of years) may look like a
20-year-old one and vice versa. One of the most difficult tasks
for the forensic anthropologist in this sense is PMI determination which is affected (on skeletal remains) by enormous limitations linked to the variability of postmortem phenomena
(such as putrefaction and other types of decomposition). In
these cases, intrinsic factors pertaining to the body itself are
insufficient and environmental elements may become the only
chance to estimate PMI. Insects, plants, pollen, algae, moulds,
macro and microfauna have acquired increasing importance in
verifying at least the limit before or limit after possible time of
death.
PMI of human remains therefore requires multidisciplinary
activity between different professional figures, and the forensic
pathologist or anthropologist must turn to entomologists, botanists, geologists or even zoologists. Taphonomy which studies
the fate of human remains and the effects of environmental
factors on bone is yet another discipline which may prove
important.
As previously mentioned, very little may be said from human
decomposition processes. Case studies and experimental
research exist on cadavers or carcasses left to decompose on the
surface, in soil and in water. Methods such as ADD have been
devised to extrapolate time of death from the degree of decomposition of soft tissue. However, decomposition is extremely
variable, and when the skeletal stage is reached, few markers for
this purpose exist. Botany (e.g. roots, leaves, pollen), zoology
(e.g. diatoms, plankton, etc.) and entomology thus acquire a
crucial role. Therefore, in the case of skeletal remains the
context becomes fundamental. The botanical analysis of leaves,
roots and seeds, for example, can give an outer temporal limit
by studying elements which have colonised the site after the
deposition of the body.
For skeletal remains, exposure to the sun, temperature, rain
and wind as well as soil chemical characteristics influence bone
surface appearance, and may alter PMI estimation. In the past,
PMI on bones has also been estimated according to the quantity
of organic material still visible within the bone matrix by illumination with ultraviolet (UV) light or Luminol, or by visualisation of signs of bone degradation in optical microscopy (Figs
12.5 and 12.6).
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(a)

(b)

Figure 12.5 Comparison between a thin, non-decalcified section of a recent bone (a) and an archaeological one (b) affected by
tunnelling, degradation and invasion of fungi (40×).

tion of PMI of skeletons. Such tests will be able to say whether
PMI can be placed after the 1950s, and if so where with respect
to the present period. Other radioisotopes can be used in a
similar fashion. All such methods, however, remain exclusive to
few laboratories and are quite expensive.

12.3 Diagnosis of species

(a)

(b)

Figure 12.6 The luminol test. (a) Luminol testing on a bone
sample in a forensic case with a slight reaction. (b) A positive
control with human blood.

These methods are, however, dependent on too many variables affecting degradation which may not reflect the actual
length of PMI. In spite of attempts to standardise fluores
cent, Luminol and microscopic patterns, these tests are never
diagnostic.
Radiochemical tests are the only, more expensive, tool by
which the anthropologist can determine whether the remains
are recent and therefore of forensic interest or not. In the past
few years, the introduction of the so-called ‘bomb curve’, i.e. the
modification of environmental C14 recorded after the beginning of the atomic era has brought a useful tool for determina-

Sometimes, particularly with fragmented or charred bone, it is
difficult to understand whether the remains are indeed human.
This may be a job for the DNA expert or, alternatively, for the
anthropologist.
A well-trained osteologist will recognise a single bone as
being human or not. Some difficulties may arise with the bones
of hands and feet, especially phalanges, which are quite similar
among some mammals. Specific anatomical landmarks will
easily lead the expert to a solution.
It is much more difficult to determine the species of origin
when the material is fragmented or degraded. In these cases,
cross-sections may provide useful information, since the thickness of the bone cortex is greater in large mammals compared
to the entire diaphyseal diameter with respect to humans; conversely, in birds the cortex is very thin and a web of internal
lamellae may cross the hollow shaft.
If it is not possible to identify the bone fragment macroscopically as being human or not, histology may be a good
solution. Study by transmission light microscopy of thin undecalcified sections may provide additional information in more
complex cases: a classic element of exclusion of human origin
is the presence of plexiform bone (i.e. with osteons or strips of
non-lamellar bone set in parallel rows). Furthermore, osteon
morphology and size can be quite important; some animals
have irregularly shaped osteons, whereas the circumference of
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Figure 12.7 Osteon assessment for the diagnosis of species. Specific software can provide an easy measurement of osteon
parameters.

human osteons is always neat, regular and circular or slightly
oval. However, other mammals may also have regular osteons,
though their disposition is usually different. In this case, a
metric analysis of the osteon is required since the size of the
osteon and Haversian canals may be discriminant. An equation
including Haversian canal area and smallest and largest diameters has been devised as follows:
D = −3.99 − 0.07(C) + 0.04(Dm ) + 0.07(DM )
where C is the Haversian canal area (in µm2 × 10−2), Dm is the
Haversian canal lowest diameter (in µm) and DM is the Haversian canal highest diameter (in µm). When D is a positive
number, human origin is stated with 80% accuracy. This equation is but one of a series found in the literature (Fig. 12.7).
When other methods cannot be used, the search for speciesspecific proteins by several kinds of immunoassays such as
immunoprecipitation, agglutination, enzyme-linked immunosorbent assays (ELISA), radioimmunoassay (RIA) can be performed. The advantage of these procedures are the relative
abundance of some blood proteins and their resistance to degradation, especially for simple proteins such as albumin, which
is extremely species specific.
These methods may be a valid (and cheaper) alternative to
DNA testing or even a better one as in the case of charred bone.
Proteins have proved to be more resistant to high temperatures,
as well as osteonal structure.

12.4 Biological profile: the main role
of anthropology
Identification in every case requires a comparison between the
antemortem information from the person we think the body
may belong to and postmortem data from the corpse; however,

this comparison can be performed between profiles only if a
possible match has already been made. In order to reach this
stage, a description of the characteristics of each individual for
sex, race, age and stature and so on is required (something
comparable to an identikit). This initial step is called ‘general
identification’, and the biological data extrapolated from a
cadaver or human remains is the so-called ‘biological profile’.

12.4.1 Sex determination
Determination of the sex of human remains is frequently
immediate even in severely decomposed cadavers due to the
fact that internal genital organs are usually the last soft tissues
to disappear. Where the genital organs are no longer detectable,
anthropological techniques may provide a useful indication
concerning sex, although in the past decade DNA testing has
started to prevail. However, conservation of DNA depends on
various environmental variables, and sometimes it still may be
of paramount importance, quicker and/or cheaper to sex by
anthropology. This is dependent on the integrity of the skeleton. Extremely fragmented remains may be impossible to sex
(if crucial parts have been lost). Also, they do not always give
accurate and absolute results. Another limit to the skeletal analysis can be found in juveniles, since the skeletons of children
and adolescents cannot be sexed due to the incompleteness of
morphological characteristics. Some authors have advanced the
hypothesis concerning different dental dimensions and particularly the conformation of the auricular surface of the ilium,
which in infant ilia should be elevated when the sex is female,
and flat when it is male. However, extreme caution should
be applied with such methods. Other hints at the sex of a juvenile can be given by the difference in maturation between the
dentition and the skeleton. Boys usually have similar maturation stages for the skeleton and teeth compared to girls. Thus,
a discrepancy between dental and skeletal development in a
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Figure 12.8 Comparison of a male pelvis (left) and female pelvis (right); the red arrow shows the position of the ventral arc in the
female pubis. The subpubic angle has an upside down V shape in males and a wider U shape in females.

Figure 12.9 Comparison of a female cranium (left) and male cranium (right). Arrows; blue, glabella; red, superciliar edge; brown,
zygomatic arch of the temporal bone; orange, mastoid process; green, gonial eversion; light blue, nucal crest.

juvenile may indicate male sex. However, even this method may
be full of pitfalls.
The most reliable anatomical sites for sexing adults are the
hip bones (Fig. 12.8). Female bones reflect the tendency to
adapt to pregnancy and childbirth. The female pelvis (right in
Fig. 12.8) is relatively lower and larger with respect to the male
one (left in Fig. 12.8).
The most important bones remain the pubic ones, particularly those constituting Pehnice’s triad; i.e. a series of three
characters that are very reliable sex indicators (Ubelaker and
Volk 2002):
1. The ventral arc: this is an elevated bony crest extending
across the ventral surface of the pubic body laterally down
to the ischiopubic ramus.
2. The subpubic concavity which is a small concavity at the
medial extremity of the subpubic angle, present in females.
3. The shape of the ischiopubic ramus (or presence of the
ischiopubic crest), thinner in females, wider and more
robust in males.

Other important sex markers of the pelvis are the shape of the
sciatic notch which is narrow in males and forms an obtuse
angle in females.
The preauricular sulcus is a visible notch beneath the auricular surface of the ilium. This is more commonly present in
females than in males. Finally, the sacrum is usually also taken
into account, since a flat sacrum is generally female, a concave
one male.
The cranium is also a good indicator of sex. Males tend to
develop prominent crests near the muscle insertions which
move the head and mandible (Fig. 12.9). These include the
temporal lines, where temporal muscles insert, and the mastoid
processes, which project inferiorly behind the auditory meatus.
However, such insertions may be marked even in women who
have occupational stress in these areas.
Areas which are of interest for sexing crania are the glabella
(flatter in females and larger in males); the upper orbital margin
(thin and sharp in females, thick and rounded in males);
mastoid processes (large and vertical in males, small and slant-
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ing medially in females); a robust nuchal crest in males; a
rounded almost V-shaped mandibular symphysis in females
and a square one in males; and strong everted gonia in males,
more gracile ones in females.
As regards the anthropometric approach, the diameters of
the heads of humeri and femurs, and/or measurements of the
ratios of pelvic structures, such as the ischiopubic index may
provide additional information. Generally, the diameter of a
humeral head greater than 47 mm is male, if less than 43 mm
female; a female radial head is 21 mm or less; in males it is
usually over 23 mm. The vertical diameter of the femoral head
is usually over 48 mm in males and less than 43 mm in females.
One advantage of metrical analysis is that it will entail a smaller
error within non-expert observers.
However, all these methods, both metric and morphological,
are subject to variations within populations. It is therefore
crucial, when sexing, to use morphological or metric parameters or discriminant functions standardised on populations
similar to the one the skeleton belongs to.
A final remark on sex should be made concerning signs of
pregnancy. Some authors have indicated that notches on the
dorsal surface of the pubis indicate that the woman underwent
pregnancy; however, such notches have also been found in the
bones of women known to have been nulliparous.

12.4.2 Age estimation
Age estimation from skeletal remains should be divided into
two different subsections respectively concerning juveniles and
adults. When dealing with the remains of infants, children or
adolescents, evaluations of the length of bones and degree of
fusion of epiphyses (Fig. 12.10), along with the eruption and
mineralisation of teeth are usually suggested. Fetal and neonatal
osteology allow the evaluation of the degree of development of
the fetus, to determine time of gestation, especially for dental
formation. In the complete fetus, the cusps of the deciduous
molars are mineralised and form a closed circle, and one can
see the mineralisation of the tip of the first cusp of the first
permanent molar. Similar growth milestones exist for the
dimensions of bones, including the cranium.
From birth to adolescence, age is easy to define, both skeletally and dentally. Growth in length of the long bone of the
diaphyses, together with the development of teeth, are precise
indicators of age (Table 12.1).
Dental development and mineralisation are perhaps the
most precise indicators since teeth are less conditioned by environmental and pathological factors with respect to bone. Where
macroscopic analysis is generally insufficient, radiological
examination should be performed in order to verify the exact
extent of mineralisation of roots.
Variations occur between different races that may cause a
relevant error in age estimation; the results of age estimation
should therefore be compared with the existing population data
concerning the same ethnic group which the subject belongs to.

23–28
18–21
16–23

15–17
13–16
14–17
18–22
16–19
18–21
14–17

17–20
17–19
16–21

16–19
16–19
15–17
(a)

(b)

Figure 12.10 (a) Age of fusion of the main epiphyses. (b) Phases
of fusion of the vertebral structure (upper: newborn; middle: 2
years; lower: 10 years).

For adults, determination of biological age is more difficult
and constitutes one of the most difficult tasks in forensic
anthropology. Once dental and osseous development have terminated, very little remains on which one can accurately evaluate ageing, and mainly concerns degenerative changes of bones
and teeth. General markers of old age do exist (e.g. presence of
osteoporosis, edentia, vertebral arthrosis), but are too variable
and affected by occupational and individual factors.
Macroscopic methods are the most important and userfriendly ones and consist principally in identifying the degree
of degeneration of selected articulations such as the pubic symphysis, the osteochondral surface of the fourth rib or the auricular surface of the ilium; these areas were specifically chosen
since the degenerative changes are supposed to be due mainly
to ageing and less to occupational factors. The more popular
methods are as follows.

Pubic symphysis (Suchey–Brooks method)
In young adults, the symphyseal surface of the pubic bones (i.e.
the joint between the two pubic bones) has a billowed appearance, with deep and furrowed bone ridges running across the
surface in parallel; as the person ages, the furrows gradually
become filled and the surface becomes flatter. Around this
surface an oval outline is formed, and then the surface starts to
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Table 12.1 Correlation between diaphyseal length of different bones and age.
Age (years)/
length (mm)

Humerus
(SD)

Radius (SD)

Ulna (SD)

Femur (SD)

70.5 (5.2)

57.4 (4.9)

66.1 (5.0)

0.5–1.5

102.3 (8.9)

81.0 (6.1)

1.5–2.5

129.5 (5.9)

97.1 (5.5)

2.5–3.5

139.5 (12.8)

106.3 (9.8)

3.5–4.5

156.5 (3.5)

118.3 (3.2)

4.5–5.5

167.6 (8.8)

5.5–6.5
6.5–7.5

0–0.5

7.5–8.5

Tibia (SD)

Fibula (SD)

82.2 (8.7)

71.6 (7.2)

68.9 (6.6)

92.1 (7.7)

126.9 (14.6)

104.8 (11.3)

103.0 (11.7)

108.5 (6.8)

167.1 (12.2)

138.6 (7.8)

133.2 (9.1)

185.1 (20.7)

153.8 (18.8)

152.3 (19.9)

129.8 (4.6)

213.0 (7.1)

170.5 (7.8)

168.5 (7.8)

128.1 (3.4)

142.8 (2.9)

234.3 (9.0)

190.8 (10.3)

185.8 (7.8)

180.1 (6.5)

140.6 (5.4)

153.8 (7.9)

248.9 (14.5)

221.4 (7.2)

194.4 (5.3)

192.1 (7.9)

149.5 (3.5)

167.1 (6.1)

262.0 (9.2)

221.4 (7.2)

216.9 (7.9)

211.8 (7.4)

117.9 (10.9)

168.0

180.0 (5.7)

292.8 (11.0)

242.5 (21.9)

246.0

8.5–9.5

–

–

–

–

–

–

9.5–10.5

–

–

–

–

–

264.0 (10.5)

10.5–11.5

–

–

–

–

–

280.0

11.5–12.5

–

–

–

–

–

285.0 (10.4)

12.5–13.5

–

–

–

–

299.0

291.5

13.5–14.5

–

–

–

–

–

–

14.5–15.5

255.5

–

–

356.5 (16.3)

306.5 (17.7)

299.0 (11.5)

15.5–16.5

–

–

–

–

–

332.5

16.5–17.5

–

–

–

–

–

–

17.5–18.5

–

–

–

406.5

334.5

330.0

SD, standard deviation.

deteriorate. The Suchey–Brooks method divides the degenerative evolution into six stages with corresponding mean ages and
age ranges (Brooks and Suchey 1990). The specific characteristics of each stage are as follows (parts I–VI on Fig. 12.11):
1. Symphyseal face has a billowing surface (ridges and
furrows) which usually extend to include the pubic tubercle. The horizontal ridges are well marked and ventral bevelling may be commencing. Although ossific nodules may
occur on the upper extremity, a key to the recognition of
this phase is the lack of delimitation of either extremity
(upper or lower) (Fig. 12.11, part I).
2. The symphyseal face may still show ridge development. The
face has commenced delimitation of the lower and/or
upper extremities occurring with or without ossific nodules.
The ventral rampart may be in the initial phases as an
extension of the bony activity at either or both extremities
(Fig. 12.11, part II).
3. Symphyseal face shows the lower extremity and ventral
rampart in the process of completion. There can be a continuation of fusing ossific nodules forming the upper
extremity and along the ventral border. Dorsal plateau is
complete. Absence of lipping of symphyseal dorsal margin;
no bony ligamentous outgrowths show (Fig. 12.11, part III).

4. Symphyseal face is generally fine grained, although remnants of the old ridge and furrow system may still remain.
Usually, the oval outline is complete at this stage, but a
hiatus can occur in the upper ventral rim. Pubic tubercle
is fully separated from the symphyseal face by definition of
the upper extremity. The symphyseal face may have a distinct rim. Ventrally, bony ligamentous outgrowths may
occur on the inferior portion of the pubic bone adjacent
to symphyseal face (Fig. 12.11, part IV).
5. Symphyseal face is completely rimmed with some slight
depression of the face itself, relative to the rim. Moderate
lipping is usually found on the dorsal border with more
prominent ligamentous outgrowths on the ventral border.
There is little or no rim erosion. Breakdown may occur on
superior ventral border (Fig. 12.11, part V).
6. Symphyseal face may show ongoing depression as rim
erodes. Ventral ligamentous attachments are marked. In
many individuals, the pubic tubercle appears as a separate
bony knob. The face may be pitted or porous, giving
an appearance of disfigurement with the ongoing process
of erratic ossification. Crenulations may occur. The shape
of the face is often irregular at this stage (Fig. 12.11,
part VI).
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• Phase 2 (20–23 years of age): the pit is now deeper and has

•

•

•

Figure 12.11 Stages of the Suchey–Brooks method: I, 19.4 years
in females (SD 2.6) and 18.5 in males (SD 2.1); II, 25 years in
females (SD 4.9) and 23.4 in males (SD 3.6); III, 30.7 years
in females (SD 8.1) and 28.7 in males (SD 6.5); IV, 38.2 years in
females (SD 10.9) and 35.2 in males (SD 9.4); V, 48.1 years in
females (SD 14.6) and 45.6 in males (SD 10.4); VI, 60.0 years
in females (SD 12.4) and 61.2 in males (SD 12.2).

Fourth rib (Iscan’s method)
As age increases, the profile of the fourth rib becomes more
irregular with margins which go from a V form to a U form;
depth increases and sternal insertion is more irregular. These
alterations are expressed in eight phases for females and males
(Fig. 12.12) (Iscan et al. 1984; Iscan and Loth 1985). Specific
characteristics of each stage are as follows.

Males
• Phase 0 (up to 16 years of age): the articular surface is flat
or billowy with a regular rim and rounded edges. The outer
surface of the sternal rib end is bordered by an epiphyseal
ring. The bone itself is smooth, firm and very solid (Fig.
12.12, part 0).
• Phase 1 (17–19 years of age): amorphous indentation in the
articular surface is beginning, but billowing may also still be
present. The rim is rounded and regular. The epiphyseal ring
has disappeared. In some cases scallops may start to appear
at the edges. The bone is still firm, smooth and solid (Fig.
12.12, part I).

•

•

•

assumed a V-shaped appearance formed by the anterior and
posterior walls. The walls are thick and smooth with a scalloped or slightly wavy rim with rounded edges. The bone is
firm and solid (Fig. 12.12, part II).
Phase 3 (24–28 years of age): the deepening pit has taken on
a narrow to moderately wide U-shape. Walls are still fairly
thick with rounded edges. Some scalloping may still be
present but the rim is becoming more irregular. The bone is
still quite firm and solid (Fig. 12.12, part III).
Phase 4 (26–32 years of age): pit depth is increasing, but the
shape is still a narrow to moderately wide U-shape. The walls
are thinner, but the edges remain rounded. The rim is more
irregular with no uniform scalloping pattern remaining.
There is some decrease in the weight and firmness of the
bone; however, the overall quality of the bone is still good
(Fig. 12.12, part IV).
Phase 5 (33–42 years of age): there is little change in pit
depth, but the shape in this phase is predominantly a moderately wide U-shape. Walls show further thinning and the
edges are becoming sharp. Irregularity is increasing in the
rim. Scalloping pattern is completely gone and has been
replaced with irregular bony projections. The condition of
the bone is fairly good; however, there are some signs of
deterioration with evidence of porosity and loss of density
(Fig. 12.12, part V).
Phase 6 (43–55 years of age): the pit is noticeably deep with
a wide U-shape. The walls are thin with sharp edges. The
rim is irregular and exhibits some rather long bony projections that are frequently more pronounced at the superior
and inferior borders. The bone is noticeably lighter in
weight, thinner and more porous, especially inside the pit
(Fig. 12.12, part VI).
Phase 7 (54–64 years of age): the pit is deep with a wide to
very wide U-shape. The walls are thin and fragile with sharp,
irregular edges and bony projections. The bone is light in
weight and brittle with significant deterioration in quality
and obvious porosity (Fig. 12.12, part VII).
Phase 8 (65 years and older): in this final phase, the pit is
very deep and widely U-shaped. In some cases, the floor of
the pit is absent or filled with bony projections. The walls
are extremely thin, fragile and brittle with sharp, highly
irregular edges and bony projections. The bone is very lightweight, thin, brittle, friable and porous. ‘Window’ formation
is sometimes seen in the walls (Fig. 12.12, part VIII).

Females
• Phase 0 (up to 13 years of age): the articular surface is nearly
flat with ridges or billowing. The outer surface of the sternal
rib end is bordered by an epiphyseal ring. The rim is regular
with rounded edges, and the bone itself is firm, smooth and
very solid.
• Phase 1 (14–15 years of age): amorphous indentation is
beginning and can be seen in the articular surface and the
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Figure 12.12 Stages of the Iscan method: 0, <16 years in males and <13 in females; I, 17–19 years in males and 14–15 in females; II:
20–23 years in males and 16–19 in females; III: 24–28 years in males and 20–24 in females; IV: 26–32 years in males and 24–32 in
females; V: 33–42 years in males and 33–46 in females; VI: 43–55 years in males and 43–58 in females; VII: 54–64 years in males and
59–71 in females; VIII: >65 years in males and >70 in females.

•

•

•

•

epiphyseal ring has disappeared. Ridges or billowing may
still be present. The rim is rounded and regular with a little
waviness in some cases. The bone remains solid, firm and
smooth.
Phase 2 (16–19 years of age): the pit is considerably deeper
and has assumed a V-shape between the thick, smooth anterior and posterior walls. Some ridges or billowing may still
remain inside the pit. The rim is wavy with some scallops
beginning to form at the rounded edge. The bone itself is
firm and solid.
Phase 3 (20–24 years of age): there is only slight if any
increase in pit depth, but the V-shape is wider, sometimes
approaching a narrow U-shape as the walls become a bit
thinner. The still rounded edges now show a pronounced,
regular scalloping pattern. At this stage, the anterior or posterior walls may first start to exhibit a central, semicircular
arc of bone. The rib is firm and solid.
Phase 4 (24–32 years of age): there is a noticeable increase
in the depth of the pit, which now has a wide V- or narrow
U-shape with, at times, flared edges. The walls are thinner
but the rim remains rounded. Some scalloping is still present,
along with the central arc; however, the scallops are not as
well defined and the edges look somewhat worn down. The
quality of the bone is fairly good but there is some decrease
in density and firmness.
Phase 5 (33–46 years of age): the depth of the pit stays about
the same, but the thinning walls are flaring into a wider V- or

U-shape. In most cases, a smooth, hard, plaque-like deposit
lines at least part of the pit. No regular scalloping pattern
remains and the edge is beginning to sharpen. The rim is
becoming more irregular, but the central arc is still the most
prominent projection. Bone is noticeably lighter in weight,
density and firmness. The texture is somewhat brittle.
• Phase 6 (43–58 years of age): an increase in pit depth is again
noted, and its V- or U-shape has widened again because of
pronounced flaring at the end. The plaque-like deposit may
still appear but is rougher and more porous. The walls are
quite thin with sharp edges and an irregular rim. The central
arc is less obvious and, in many cases, sharp points project
from the rim of the sternal extremity. The bone is fairly thin
and brittle with some signs of deterioration.
• Phase 7 (59–71 years of age): in this phase, the depth of
the predominantly flared U-shaped pit not only shows no
increase, but actually decreases slightly. Irregular bony
growths are often seen extruding from the interior of the pit.
The central arc is still present in most cases but is now
accompanied by pointed projections, often at the superior
and inferior borders, yet may be evidenced anywhere around
the rim. The walls have irregular rims with sharp edges. The
bone is very light, thin, brittle and fragile, with deteriorations most noticeable inside the pit.
• Phase 8 (70 years and older): the floor of the U-shaped pit
in this final phase is relatively shallow, badly deteriorated, or
completely eroded. Sometimes it is filled with bony growths.
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The central arc is barely recognisable. The extremely thin,
fragile walls have highly irregular rims with very sharp edges,
and often fairly long projections of bone at the inferior and
superior borders. ‘Window’ formation sometimes occurs in
the walls. The bone itself is in poor condition – extremely
thin, light in weight, brittle and fragile.

Auricular surface (Lovejoy’s method)
This method is based, as for the pubic symphysis, on the degeneration, in eight phases, of the auricular surface of the ilium,
according to the degeneration of the apex, the superior half of
the surface, the inferior half and the retroauricular area, and
also granulosity, density and micro- and macroporosity of the
surface (Lovejoy et al. 1985). Several authors have criticised the
differences in morphology between the two auricular surfaces
within the same individual. Specific characteristics of each stage
are as follows:
• Age 20–24 years: the surface displays fine granular texture
and marked transverse organisation. There is no retroauricular activity, apical activity or porosity. The surface
appears youthful because of broad and well-defined billows,
which impart the definitive transverse organisation. Billows
are well defined and cover most of the surface. Any subchondral defects are smooth-edged and rounded. Note distinct
transverse billows and very fine granularity (Fig. 12.13,
part I).
• Age 25–29 years: changes from the previous phase are not
marked and are mostly reflected in slight to moderate loss
of billowing, with replacement by striae. There is no apical
activity, porosity or retroauricular activity. The surface still
appears youthful owing to marked transverse organisation.
Granulation is slightly more coarse (Fig. 12.13, part II).
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• Age 30–34 years: both faces are largely quiescent with some
loss of transverse organisation. Billowing is much reduced
and replaced by (definite) striae. The surface is more coarsely
and recognisably granular than in the previous phase, with
no significant changes at the apex. Small areas of microporosity may appear. Slight retroauricular activity may occasionally be present. In general, coarse granulation supercedes
and replaces billowing. Note the smoothing of the surface
by replacement of billows by fine striae, but distinct retention of slight billowing. Loss of transverse organisation and
coarsening of granularity is evident (Fig. 12.13, part III).
• Age 35–39 years: both faces are coarsely and uniformly granulated, with marked reduction of both billowing and striae,
but striae may still be present under close examination.
Transverse organisation is present but poorly defined. There
is some activity in the retroauricular area but this is usually
slight. Minimal changes are seen at the apex, microporosity
is slight, and there is no macroporosity. This is the primary
period of uniform granularity (Fig. 12.13, part IV).
• Age 40–44 years: no billowing is seen. Striae may be present
but very vague. The face is still partially (coarsely) granular
and there is a marked loss of transverse organisation. Partial
densification (which may occur in islands) of the surface
with commensurate loss of grain is present along with slight
to moderate activity in the retroauricular area. Occasional
macroporosity is seen, but this is not typical. Slight changes
are usually present at the apex. Some increase in microporosity is seen, depending upon the degree of densification.
The primary feature is the transition from a granular to a
dense surface (Fig. 12.13, part V).
• Age 45–49 years: significant loss of granulation is seen
in most specimens, with replacement by dense bone. No
billows or striae are present. Changes at the apex are slight

Figure 12.13 Stages of the Lovejoy method: I: 20–24 years; II: 25–29 years; III: 30–34 years; IV: 35–39 years; V: 40–44 years;
VI: 45–49 years; VII: 50–59 years; VIII: 60+ years.
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to moderate but are almost always present. There is a distinct
tendency for the surface to become dense. No transverse
organisation is evident. Most or all of any microporosity is
lost to the densification process. There is increased irregularity of margins with moderate retroauricular activity and
little or no macroporosity. Note distinct densification of
these three specimens and the almost complete lack of transverse organisation (Fig. 12.13, part VI).
• Age 50–60 years: this is a further elaboration of the previous
stage, in which marked surface irregularity becomes the
paramount feature. Topography, however, shows no transverse or other form of organisation. Moderate granulation
is occasionally retained, but is usually lost during the previous phase and is generally absent. No striae or billows are
present. The inferior face generally is lipped at the inferior
terminus, so as to extend beyond the body of the innominate
bone. Apical changes are almost invariable and may be
marked. Increasing irregularity of the margins is seen.
Macroporosity is present in some cases but it is not requisite.
Retroauricular activity is moderate or marked in most cases
(Fig. 12.13, part VII).
• Age 60 years and over: the paramount feature is a nongranular, irregular surface with distinct signs of subchondral
destruction. No transverse organisation is seen and there is
a definitive absence of any youthful criteria. Macroporosity
is present in about one-third of all cases. Apical activity is
usually marked but is not requisite for this age category.
Margins become dramatically irregular and lipped, with
typical degenerative joint change. The retroauricular area
becomes well defined with profuse osteophytes of low to
moderate relief. There is clear destruction of subchondral
bone, absence of transverse organisation and increased
irregularity (Fig. 12.13, part VIII).
Less accurate methods which involve the observation of suture
closure both ecto- and endocranially exist, but are considered
less reliable and therefore have been almost completely abandoned in the forensic context.
Macroscopic alterations of teeth are also relevant; in detail,
dentine transparency seems to be a variable which increases
with age. As far as dental methods are concerned, the Lamendin
test is the most reliable among dental ones (Fig. 12.14): it utilises parodontal disease and translucency of the root in monoradicular teeth through the following equation:
Age = (0.18 P ′) + (0.42T ′) + 25.53
where P′ = P/L × 100, T′ = T/L × 100, L = root length, P = height
of parodontopathy and T = height of root translucency.
The Lamendin test is considered in the literature as the most
accurate method of age estimation, especially between 40 and
60 years, but recent studies have demonstrated variability in
accordance with race and gender, requiring specific correction
factors.

Figure 12.14 Root transparency (light blue line) in a monoradicular tooth visible on a light box.

The Lamendin method is the simplified version of the
Gustafson–Johanson procedure of evaluation, which takes into
consideration, besides the root transparency and parodontopathy, the crown wear, deposition of secondary dentin and secondary cementum, the absorption of the root. Each parameter
is evaluated by a score ranging between 0 and 3, and each value
is inserted within the following equation:
Age = 11.02 + 5.14W + 2.3S + 4.14 P + 3.71C + 5.57 R + 8.98T
where W = crown wear, S = secondary dentin, P = parodontopathy, T = root transparency, C = secondary cementum and
R = radicular resorption.
A less utilised age estimation method is based on cranial
sutures (Fig. 12.15), that is, the reduction of interarticular
tissue up to the complete fusion: however, such methods show
a high inaccuracy, due to the variability of fusion times of
cranial sutures which are affected also by individual and pathological factors, and therefore are not suggested in the forensic
context.
The most recent improvements of radiochemical analyses
may provide in the near future the chance of estimating age
by the content of C14 in dental crowns and bone tissue;
dental enamel does not include cells, and therefore the decay
of C14 reflects the absorption of the radioisotopes during
teeth development. In this way, an age estimation can be performed, although the limits of such a technique still need to be
explored.
In order to make the choice of method easier, a ‘two-step
procedure’ has been developed by French authors: if the subject
has an age within the first three stages of the Suchey-Brookes’
method, then this should be the method of choice. If the subject
is classified in the last three phases, then one should switch to
the Lamendin technique in order to assess age more accurately.
Currently, age diagnosis over 60 years remains a problem, since
the biological modifications in anatomical regions so far studied
for ageing remain relatively unaltered although the study of the
acetabular region seems promising in this sense.
If macroscopic methods cannot be performed (e.g. because
the remains are fragmented), one must then proceed to micro-
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Figure 12.15 The left side shows the points of evaluation of cranial sutures. The right side shows the classification of fusion from (a),
with 0 points, to (d), with 3 points. The sum of all the scores recorded from the 10 points gives the age estimation according to specific
tables.

scopic methods; the rationale behind the microscopic method
is that since bone remodelling occurs constantly throughout
life, an older bone will have more osteons and osteon fragments
compared to a younger bone. Microscopic analysis of a bone
section from long bone diaphyses can provide an age estimation
through several methods among which the most acclaimed is
the Kerley–Ubelaker method: this can be applied to tibial,
femoral and fibular diaphyses.
Cementum annulations on transverse sections of roots can
be considered as an alternative method as well; however, the
preparation of the specimen is difficult and counting annulations can prove difficult. This method is not user friendly and
has not been recommended for forensic purposes.
There are also chemicophysical methods based on the
racemisation of aspartic acid. The amino acids which proteins
are made of are present in nature in two stable forms, in the
form of L-enantiomers and D-enantiomers. Living organisms
synthesise proteins which contain only L-amino acids, but in
tissues such as teeth, D-amino acids will accumulate during life
because of the racemisation of L-amino acids in the measure
of about 0.1% every year. Thus the evaluation of the L/D ratio
is closely related to age. This technique requires the use of gas
chromatography or high-performance liquid chromatography
(HPLC) and has already been tested on enamel, dentine, cartilage and bone. The method is more expensive and requires
highly qualified labs.

12.4.3 Diagnosis of race
Racial or ethnic characteristics can be considered as those differences which can be observed between populations. These are
difficult to assess, since there is a large variation within races
but also a great deal of overlapping between them; nonetheless,
the three main racial groups easy to identify on human remains
are Caucasoids, Negroids and Asians. Generally, Caucasoids
show high pigmentation variability, thin and smooth hair,
orthognatous profiles and prominent chins. Negroids show a
variable colouring of skin from brown to black, dark hair and
irises; the cranium is long, without prominent supraorbital
reliefs, marked zygomas and alveolar prognathism, and receding chins. Asians have yellow-brown skin colour, dark and
straight hair, high orbits, prominent zygomas and shovelshaped upper incisors.
Prognathism (the forward jutting of the jaw and maxillae)
has an importance in the determination of the main racial
groups, since high degrees of prognathism are a common characteristic of Negroids, whereas low degrees of prognathism are
observed in Asians (Fig. 12.16). Histological analysis of skin in
the case of putrefied and mummified remains still provides
some information on race. Distribution of melanin pigments
in hair also can be useful as well as observing the cross-section:
a round section is typical of Asians; oval section of Caucasoids
and elliptic section of Negroids.
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Figure 12.16 Crania belonging to the three main racial groups: (a) Caucasoid cranium, (b) Negroid cranium and (c) Mongolid cranium.

In addition, Caucasoid crania tend to have receding cheek
bones which give a more pointed appearance to the face;
the nasal aperture is narrow and has a prominent and thick
lower border (called the nasal sill) and a marked nasal
spine. The palate is relatively narrow. Negroids (black people)
have more rectangular orbits, a large nasal aperture and
there is lack of a nasal sill; the nasal spine is absent or very
small. The palate is wider and rectangular. Asians tend to
have forward-projecting malar bones, and a nasal aperture
with a slightly pointed lower margin. A simple test for verify
ing Asian race consists in positioning the cranium face up
and balancing a pencil across the nasal aperture; if one tries
to insert a finger between the maxillary bone and the pencil
without moving the pencil, it is probably Caucasoid, if not
it is Asian. Asians frequently have head-to-head occlusion of
teeth.
Dental peculiarities may also indicate race; for example,
diastemas (the space between the two central upper incisors) is
more frequent among Negroids and shovel-shaped incisors
among Asians.
Metric parameters of the cranium and other bones may
also be used within specific softwares, for example Fordisc 3.0,
developed by the University of Tennessee. The method is user
friendly but has been standardised on American ethnic groups
and does not necessarily apply to European ones.

12.4.4 Stature estimation
Stature can be assessed by standardised mathematical equations
developed according to race and gender, and based mainly
on long bone length, simply measured with an osteometric
table. The bones most frequently used are femur, fibula, tibia,
humerus, radius and ulna. Formulae applied to each bone in
different races are shown in Table 12.2.
The literature has focused also on the use of several other
different bones, tested within different populations, as well as
with equations including several bones, but the accuracy is

considerably lower than results obtained by the standard equations based on long bones (Table 12.2).

12.4.5 Pathological markers
The biological profile is completed by information concerning
pathology. For example, dental work and bone calluses can be
fundamental in building a precise biological profile which may
lead to identification. Anthropologists may detect non-metric
traits, such as the presence of wormian bones, metopic sutures
or of double articular facets. Although these may be important
in identifying the subject if antemortem X-rays or computed
tomography (CT) scans show the presence of the same anomaly,
they still do not have an extreme relevance in forensic anthropology, although they should always be recorded. Bone protheses should be recorded as well, since they may provide an
important aid for identification (Fig. 12.17 shows a femoral
prosthesis).
A wider discussion concerns disease. Not all diseases leave
signs on the skeleton, and therefore the absence of pathology
does not mean that the individual was healthy. However, for
a number of diseases, the anthropological analysis may provide
information concerning the health conditions of the individual,
and therefore give information for the biological profile.
Congenital diseases usually include cases of achondroplasia,
cleft palate and spina bifida. Signs of previous trauma suffered
by the subject in life may be observed as bone calluses (Fig.
12.18). Degenerative diseases (such as arthrosis) are common
in older individuals (Fig. 12.19). Signs of infectious diseases
such as tuberculosis and syphilis may, even today, be detected.
In addition, some cases of cancers specifically create metastases
in bones, and therefore may be observed as lytic areas.
Bones may show the general degree of nutrition of the
subject, although signs of anaemia, scurvy and malnutrition are
more often observed in the archaeological context rather than
in forensic cases (Figs 12.20 and 12.21). In addition, toxicological analysis of bones may give information concerning previous
drugs taken in life.
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Table 12.2 Equations for stature estimation calculated from specific long bone lengths.
Bone lengths (cm)
Males

Females

Caucasoids

2.38 × F + 61.41 ± 3.27

2.47 × F + 54.10 ± 3.72

Negroids

2.11 × F + 70.35 ± 3.94

2.28 × F + 59.76 ± 3.41

Asians

2.15 × F + 72.57 ± 3.80

Femur (F)

Tibia (T)
Caucasoids

2.52 × T + 78.62 ± 3.37

2.90 × T + 61.53 ± 3.66

Negroids

2.19 × T + 86.02 ± 3.78

2.45 × T + 72.65 ± 3.70

Asians

2.39 × T + 81.45 ± 3.27

Humerus (H)
Caucasoids

3.08 × H + 70.45 ± 4.05

3.36 × H + 57.97 ± 4.43

Negroids

3.26 × H + 62.10 ± 4.43

3.08 × H + 64.67 ± 4.25

Asians

2.68 × H + 83.19 ± 4.25

Radius (R)
Caucasoids

3.78 × R + 79.01 ± 4.32

4.74 × R + 54.93 ± 4.30

Negroids

3.42 × R + 81.56 ± 4.30

2.75 × R + 94.51 ± 5.05

Asians

3.54 × R + 80.71 ± 4.60

Fibula (Fi)
Caucasoids

2.68 × Fi + 71.78 ± 3.29

2.93 × Fi + 59.61 ± 3.57

Negroids

2.19 × Fi + 85.65 ± 4.08

2.49 × Fi + 70.90 ± 3.80

Asians

2.40 × Fi + 80.56 ± 3.24

Ulna (U)
Caucasoids

3.70 ×  × U + 74.05 ± 4.32

4.27 × U + 57.76 ± 4.30

Negroids

3.26 × U + 79.29 ± 4.42

3.31 × U + 75.38 ± 4.83

Asians

3.48 × U + 77.45 ± 4.66

Figure 12.17 Femoral prothesis: it may show the code of the specimen, and therefore be useful for a personal identification.
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Figure 12.18 Examples of bone calluses on the ribs at different degrees of healing.

Figure 12.19 Osteophytosis in two arthrosic vertebrae.

Figure 12.20 Sacroiliac anchylosis showing sign of arthrosis or
autoimmune pathology.
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(a)

(b)
Figure 12.21 (a) Deformation of the femur due to rickets
(vitamin A deficiency). (b) Cribra orbitalia related to anaemia
due to a lack of iron.

12.5 Facial reconstruction
Once the biological profile has been reconstructed, and the
skeleton has been checked for dental work or anomalies, bone
calluses or other pathologies which may aid in identification,
the entire procedure can be completed with facial reconstruction or approximation. Facial reconstruction is practically
based on Galen’s theory that the face is supposed to be influenced by the underlying bone tissue. The technique was aban-
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doned for years, until 1924 when Gerasimov developed a
method based on the anatomical reconstruction of muscles of
the face (the so-called Russian method), which was later merged
with the American technique based on the measurement of soft
tissue depths overlying the bone (Prag and Neave 1997).
Facial reconstruction can be performed either manually or
via specific softwares. The former is cheaper but takes longer,
whereas the latter is quicker but more expensive, although the
error is comparable, because both techniques follow similar
anatomical rules.
Facial reconstruction is carried out on the cranium or on
a cast of the cranium which is made usually in plaster. The
first step involves defining the profile from a lateral cranial
X-ray. Thirteen cranial points are located on the cranial profile
in the X-ray which will guide the soft tissue profile reconstruction. Depths are given by anatomical tables published in the
literature.
Once the profile is defined, then the three-dimensional (3D)
reconstruction is performed: the 3D technique consists of
applying tissue thickness values onto 31 cranial points by toothpicks or rubber depths which will sign the exact thickness of
the soft tissue at that specific point, according to general anatomical tables. Then Plasticine muscle models are put on the
bone surface, complying to the anatomical insertions.
A Plasticine stratum of skin is finally placed on the muscle
groups according to data from the biological profile.
Eyes can be made of Plasticine, plaster, resin, ophthalmic
prostheses or eye resin models which are set into the orbits
according to anatomical methods.
The nose is modelled mainly according to the results of
the two-dimensional (2D) profile reconstruction, whereas the
width of the nose is usually calculated by adding one-third of
the bone nasal aperture on each side. The mouth aperture is
evaluated according to the distance between the two canine
teeth (Fig. 12.22).
Reconstruction is the object of a debate which involves different opinions; there are those who believe that the facial
reconstruction must be as unevocative as possible, for example

Figure 12.22 Different phases of facial reconstruction. The hair was modelled according to the residues of hair found on the
decomposing cadaver. Courtesy of Dr Davide Porta, University of Milano.

190

PART II   MEDICAL ASPECTS OF DEATH

In conclusion, osteology and anthropology can be fundamental disciplines when working on unidentified cadavers and
human remains for reaching identification.

Useful website
Diane France Casting, www.francecasts.com (last accessed September
2013).
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Mass Disaster
Victim Identification

Ruediger Lessig and Mechthild Prinz

13.1 Introduction
Mass disasters with a large number of unknown victims and
possible survivors are one of the biggest challenges for first
responders, police and forensic disciplines. One task after a
mass fatality incident is the accurate identification of the
victims, and it is interesting how different methods, which can
be used here, have developed in recent history. The Ring Theatre
fire in Vienna (Austria) in 1881 with 449 victims of which 284
were identified, or the 1897 fire in the Bazar de la Charité in
Paris (France) with 126 victims are examples showing the usefulness of identification tools like forensic autopsy, odontology
and dactyloscopy. These two disasters mark the beginning of
modern identification processes in legal medicine (Amoëdo
1897; Klein 1929).
In the following years, driven by the beginning of more
frequent civil air transportation, several severe accidents
demanded further development of methods and the establishment of an adequate disaster victim identification (DVI)
system. Amongst the new approaches is the inclusion of molecular biological methods for forensic purposes. In parallel, the
need to establish permanent DVI organisations was recognised.
Several countries established DVI teams, which include forensic
pathologists, forensic dentists, forensic anthropologists, forensic molecular biologists, fingerprint experts and other specialists. These teams developed their own protocols for the
identification processes and have been shown to be effective.
The organisation of the identification process differs from
country to country depending on the historical and political
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structures, but can also vary within a country depending on the
nature of the incident (Fig. 13.1).
Mass fatality incidents can be classified in different ways.
One can differentiate between natural disasters such as earthquakes, floods or bush fires, versus man-made incidents like
transportation (airline, train) accidents, terrorist attacks and
war. Operationally, the important distinction is between an
open and a closed disaster, which means there is either a known
number of possible victims or an open victim pool (Fig. 13.1).
For open disasters, experience has shown that there are many
problems associated with how people are reported missing after
a mass fatality incident. Individuals could have been reported
missing even if there was only circumstantial evidence that they
could have been near the disaster, and thus many of the reported
are actually alive. Often multiple family members and friends
report the same person using variations of their name and such
records have to be consolidated. This means that after an open
disaster the reported missing list will initially grow rapidly but
then has to be corrected downwards.
Alternatively, some individuals do not have any social or
family contacts and will not be reported missing at all. This may
be rare but must be considered. Approaching the victim count
by evaluating the numbers of recovered human remains can
also lead to overestimates if bodies are fragmented and each
body part will receive its own identifying number. An example
is the train accident near Eschede, Germany, where body part
reassociation led to a corrected victim count of 101 (personal
communication from the IDKO Bundeskriminalamt). Depending on the circumstances, the discrepancy between the lists of
individuals reported missing and the truly deceased can be very
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Disaster classification

Open disaster

Closed disaster

- Earthquake

- Aircraft accident

- Tsunami

- Shipwreck

- Terrorist attack

- etc.

- etc.
Figure 13.1 Disaster classification based upon availability of
victim manifest.

high. After the terrorist attack and collapse of the two World
Trade Center buildings in New York, USA, in 2001, 20 000 individuals were initially reported as missing, but the final victim
count was established to be 2749 (Gill 2006).
A closed disaster is a mass fatality event with a defined
number of casualties, for example an airline accident with a
passenger manifest. The DVI process after a closed disaster has
the advantage of more rapid availability of antemortem data,
which will often lead to shorter identification timelines. Especially problematic are DVI efforts after mass fatalities that not
only have an open victim list but also involve destruction of
primary residences and antemortem references. This was the
case during the war in Bosnia Herzegovina and Kosovo (Lessig
and Benthaus 2003) and the mudslide catastrophe in Rio de
Janeiro, Brazil (Ferreira et al. 2011). Aside from the type of
disaster, the DVI effort is also influenced by the degree of
destruction affecting the human remains, and the postmortem
interval. Extreme fragmentation and commingling of remains
led to an almost exclusively DNA-based identification effort for
the World Trade Center victims (Budimlija et al. 2003). Even
DNA may not be feasible after events with complete carbonisation of bodies, as was the case after the traffic accident and fire
in the Swiss section of the Mont Blanc tunnel in 1999, the
Kaprun tunnel train fire in Austria in 2000 and the Black Saturday Bushfires in the Australian state of Victoria in 2009
(Lessig and Benthaus 2003; Cordner et al. 2011; Leditschke
et al. 2011).

13.2 International cooperation
Mass fatality events with victims from more than one country
require international cooperation of local forensic experts and
national and international agencies. Examples here are the 1994
victim identification of the Solar Temple cult tragedy in Switzerland where the 48 victims belonged to five different nationalities (Krompecher et al. 2000) and the 852 victims from 17
countries that perished in the disaster involving the Finnish
ferry MS Estonia (Soomer et al. 2001). An outstanding example
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of international collaboration was the effort of often more than
30 international teams on the island of Phuket after the 2004
tsunami. In order to identify the victims, the Thai Royal police
formed an organisation called the Thai Tsunami Victim Identification Center Information Management Center (TTVIC
IMC) (James et al. 2005; Lessig and Püschel 2005; Lessig et al.
2005a, 2005b; Peschel et al. 2005; Tsokos et al. 2005). In all cases,
a successful identification effort is contingent on consistent
nomenclature, adequate documentation and standardised findings. This is especially important in international incidents with
individuals from multiple countries. Table 13.1 illustrates different dental schemes and the risk associated with the variations
in nomenclature. While Scandinavia and the other European
countries do not use the Haderup and Zsigmondi schemes
anymore, the USA have not adopted the Fédération Dentaire
International (FDI) classification and routinely employ the
American nomenclature. This results in a certain mix-up poten
tial if the data are compared to the internationally most commonly used FDI classification. Therefore all documentation
must clearly state which nomenclature has been used.
In the context of the war crime victim identification, the
DVI effort must adhere to strict forensic standards and aim at
preserving evidence to be used in a possible trial against war
criminals. This was recognised for the civil war in former Yugoslavia where the United Nations (UN) formed international
expert committees to provide evidence at the International
Criminal Court Tribunal for former Yugoslavia (ICCTY) in The
Hague, The Netherlands. The increasing need for an international response has recently led to the founding of the Centre
for International Forensic Assistance (CIFA) at the University
of Glasgow.
International DVI standardisation efforts date back to 1981
when the General Secretary of the international police agency
Interpol formed a standing committee on victim identification
after mass catastrophes (Interpol 1985, 2009). At the 1996 Interpol general assembly in Antalya, Turkey, all member countries
agreed to a binding recommendation requiring the use of a
standardised identification form for all unknown bodies, even
in scenarios with a single victim. Using unified standards clearly
improves the flow of information and communication. This is
especially true since a standardised form can also serve as a
check list and will result in a consistent set of data that is being
captured. These forms are easy to use and make it possible to
train inexperienced personnel quickly, such as local law enforcement members, for family interviews and data collection. The
quality of the available antemortem data has been shown to be
critical for the accurate and timely identification of the missing;
therefore the structure and staffing of the family assistance
centres are an important component in a preparedness plan
(Donkervoort et al. 2008). All Interpol DVI forms are categorised into two separate groups – yellow forms are for antemortem information (Fig. 13.2) and pink forms are for postmortem
information (Fig. 13.3). Aside from information about the
missing person’s height and other physical traits, the forms can
be used to document specific medical and dental findings.
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Table 13.1 Comparison of different dental schemes, with the
number representing different codes specifying
individual teeth.
FDI

USA

Haderup

Zsigmondi

18

1

8+

8

17

2

7+

7

16

3

6+

6

15

4

5+

5

14

5

4+

4

13

6

3+

3

12

7

2+

2

11

8

1+

1

21

9

+1

1

22

10

+2

2

23

11

+3

3

24

12

+4

4

25

13

+5

5

26

14

+6

6

27

15

+7

7

28

16

+8

8

38

17

—8

8

37

18

—7

7

36

19

—6

6

35

20

—5

5

34

21

—4

4

33

22

—3

3

32

23

—2

2

31

24

—1

1

41

25

1—

1

42

26

2—

2

43

27

3—

3

44

28

4—

4

45

29

5—

5

46

30

6—

6

47

31

7—

7

48

32

8—

8

Figure 13.2 Cover page of the Interpol disaster victim
identification (DVI) yellow form for antemortem information.

format. The TTVIC IMC in Phuket,Thailand, was the first
international group to use the Plass Data program. The software is continuously being upgraded and adapted to DVI
requirements. The software allows for the capture of all results,
including fingerprints, photos and laboratory data.
As an international police organisation, Interpol has many
different activities including the maintenance of a standing
committee on DVI. This committee was tasked with generating
international standards and has published an updated DVI
guide that addresses all critical areas (Interpol 2009). Figure
13.4 shows a possible workflow for the examination of human
remains. This process can be adapted based on the needs and
specific conditions during an incident.

FDI, Fédération Dentaire International.

13.3 DVI team structure
The Danish and Norwegian DVI committees and the com
pany Plass Data Software have developed a software program
that is based on digitalised versions of the standardised Interpol
forms and facilitates the comparison between antemortem and
postmortem information. All data entry screens are based on
the Interpol forms and it is not necessary to switch to a new

The structure of the victim identification teams may differ
based on national differences. In most countries that follow
Interpol standards, mass fatality response is primarily a police
function. Since in most cases forensic medical experts are not
part of the police, forensic pathologists and odontologists join
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Recovery

Registration

CT scan

Forensic pathology

Forensic dentistry

Daktyloscopy

Quality control

Preservation/storage
Figure 13.4 Disaster victim identification workflow with
computed tomography (CT) scan; DNA sample collection would
take place during forensic pathology.

Figure 13.3 Cover page of the Interpol disaster victim
identification (DVI) pink form for postmortem information.

the DVI teams as external specialists. Mass fatality identification efforts can only work with centralised data processing and
need very effective information flow. Parallel structures with
multiple teams reporting to various government agencies
should be avoided.
Concerning the primary and secondary identification meth
ods, the following experts are part of the team:
• Expert of dactyloscopy.
• Forensic dentist.
• Forensic molecular biologist.
• Forensic pathologist.
• Forensic anthropologist.
Additional members can be specifically trained police officers or other specialists to cover the areas of:
• Psychological support.
• Information technology (IT) infrastructure.
• Criminal investigation.
• Hazardous material (chemical biological radioactive nuclear
explosive or CBRNE)
The complete structure of a team depends on the number
of victims or expected time and location of the work. In
some cases, there is also a major need for logistical support

to provide power, fresh water, food, tents and so on, to the first
responders and DVI teams. All specialists have defined roles
within the team:
1. Fingerprint expert. These experts are responsible for the
collection and comparison of fingerprints using different
methods. This includes postmortem fingerprints, which
may require specialised techniques (Kahana et al. 2001).
2. Forensic dentist. Experts of forensic odontology need
to examine the bodies to document the existing dental
status. In addition, they have to add the missing person’s
dental scheme to the antemortem data collection. Finally,
the tasks include the comparison of collected antemortem
and postmortem findings to detect matches for possible
identifications.
3. Forensic molecular biologist. DNA experts advise on sample
collection and receive DNA samples for typing. DNA
samples must be obtained from investigated bodies, personal effects and/or relatives of the deceased. Forensic
biologists will use spreadsheets or specialised software to
compare all DNA profiles and identify or reassociate body
parts. Each identification must be accompanied by a biostatistical calculation.
4. Forensic pathologist. Forensic pathologists are responsible
for the autopsy and documentation of the data collected
for the missing persons. During the autopsy they will
collect the postmortem DNA samples. The forensic pathologist will issue the death certificate and must thus be part
of the identification process. If possible it is recommended
to include a forensic pathologist as part of the body recovery effort (Lessig and Rothschild 2012).
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5. Forensic anthropologist. Forensic anthropologists can assist
in incidents with high degrees of body fragmentation, or if
skeletal remains are involved. Tracking the reassociation of
body parts is critical and anthropologists have the expertise
to check for data consistency prior to releasing a body
(Budimlija et al. 2003).

13.4 Standardisation
Recently, several mass fatality events (e.g. aircraft crashes, earth
quakes, tsunamis) have demonstrated the need of disaster preparedness and a standardised DVI process. After the 2004
tsunami in Southeast Asia, forensic scientists and police organisations started to develop international standards for the identification process based on the experiences during the response.
The workflow in the TTVIC was the first to occur with participation of more than 30 international teams not just in the
postmortem investigation process. In the beginning, the different approaches between the national DVI teams became
obvious, for example in regard to the ultimate responsibility for
identification, or the correct way to document findings. The
documentation of the workflow, the distribution of responsibilities and other important findings has since been published
in the Interpol Tsunami Evaluation Report and this report
discusses the efficiencies and inefficiencies of the identification
process (Interpol Tsunami Evaluation Working Group 2010).
The Interpol Standing Committee on DVI developed a guide
for all aspects of the identification process (Interpol 2009). This
Committee includes three working groups: forensic odontology, forensic pathology and a police working group. Each
working group has several subgroups:
1. The forensic odontology working group: dental forms,
expert qualification, computed tomography (CT) imaging
and CBRNE.
2. The forensic pathology working group: DNA, anthropology, imaging and CBRNE.
3. The police working group: Victim Recovery Form, training,
IT/large data, International DVI Management Exercise,
Antemortem Data Collection Forms and CBRNE.
Following the Interpol DVI guide (Interpol 2009) the different
modalities of the identification process are classified into two
groups, primary and the secondary identification methods.
Forensic odontostomatology, dactyloscopy and forensic molecular biology belong to the primary identification methods. All
others represent secondary identification methods. Most of the
methodical standards listed below were developed in recent
years.
1. Fingerprint standards (Albrecht et al. 2007; Interpol AFIS
Expert Group 2010) are as follows:
a. fully rolled and flat (plain) impressions of all 10
fingers;
b. plain impressions of the right and left palm;
c. footprints from infants.

2. Forensic pathology standards (Lessig and Rothschild 2012)
are as follows:
a. participation of a forensic pathologist in the recovery;
b. full autopsy if possible;
c. use of imaging techniques if necessary;
d. participation in the identification process;
e. determination of the cause of death if possible;
f. reconstruction of the accident using pathological
findings.
The role of the forensic pathologist is multicentric and
causes the need of participation in the different parts of the
identification process (Lessig et al. 2009a; Lessig and Rothschild
2012). Primarily, the forensic pathologist has to follow the
Interpol Postmortem Form for documentation of the findings.
This differs from the routine autopsy process. But, the responsibility for the collection of bodily fluids for toxicological investigations or DNA samples stays the same. Whenever it is
possible, the forensic pathologist should be included in the
recovery team. This is important from the point of view of
obtaining first-hand information about a possible identity or
cause of death. In special cases, the pathologist will be able to
give information about the time of death and can differentiate
between human and non-human body fragments.

13.5 Forensic odontology standards
The forensic dentist is included in a similar way. The follow
ing guidelines were developed for the odontostomatological
investigation:
1. Jaws should not be taken out. Only if an examination is not
possible will the lower jaw be removed while the upper jaw
is left in its origin position in situ. In selected cases, a preparation of both jaws is possible. After the investigation, soft
tissue and jaws should be reconstructed following aesthetic
aspects.
2. X-ray of the teeth (see below for details).
3. Estimation of the age.
4. Analysis of prosthetic materials to identify the country of
origin (Lessig et al. 2009a; Lessig and Rothschild 2012).

13.6 Forensic molecular biology
standards
The DNA Commission of the International Society for Forensic
Genetics (ISFG) published specific DVI recommendations
(Prinz et al. 2007) for DNA laboratories. Subsequently, Lee
et al. (2008) reported on the adoption of these recommendations in Australia and New Zealand, and could show that there
is clearly a need for local structures to adopt international recommendations and to provide more detailed guidance to the
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appropriate DVI responders. The German DVI team (Lessig
et al. 2009b, 2011) also augmented the DNA DVI recommendations. The recommendations of the DNA Commission of the
ISFG (Prinz et al. 2007) and the Interpol Standing Committee
on DVI (Interpol 2009) are the basis for the course of action.
1. Postmortem samples both from victims and body parts
have to be collected as soon as possible. Unambiguous
labelling, documentation and adequate storage have to be
guaranteed.
2. The postmortem samples shall be collected as described by
Prinz et al. (2007). In addition to recommendation no. 3 in
Prinz et al. (2007) the following can be used for victims
with putrefaction: healthy teeth (the extraction of a tooth
is permitted only after documentation in the dental chart
and approval by the responsible forensic dentist) and/or
fingernails.
3. Antemortem sample collection is based on recommendation no. 4 of Prinz et al. (2007). The people collecting these
samples have to enquire about the exact genetic relationships within the respective family. The samples have to be
labelled unmistakably and assigned to the relevant antemortem case or cases.
4. Antemortem samples of genetic relatives have to be collected in every case and sample storage shall only be carried
out by trained personnel.
5. The selection of samples for analysis has to be performed
by a specialist of the responsible police authority. The specialist must come from a laboratory which fulfils the criteria listed above. All samples have to be taken in duplicate
to allow replication of the analysis, if necessary. The antemortem and postmortem samples have to be retained until
identification has occurred. All samples have to be destroyed
within 2 years after identification has been declared. The
final decision about the destruction of samples is made by
the police authority in charge of the case after consultation
with the laboratory.
6. The selection of genetic markers has to be completed by
the police authority in charge after consultation with specialists (e.g. forensic geneticists). A minimal standard consists of 12 core short tandem repeats (STRs). Additional
loci are suitable to increase the reliability of the final evaluation. In a given DVI operation, the responsible coordination centre will make the final decision about the STR loci
to be used. The following marker systems may be used in
addition:
a. X- and Y-chromosomal STRs;
b. mitochondrial DNA sequence markers;
c. single nucleotide polymorphisms (SNPs).

13.7 Radiology standards
Different imaging tests have been a standard examination in
forensic pathology and have therefore an important role in
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DVI. Originally the only method used was X-ray but with continued development and the introduction of new technologies
like CT or magnetic resonance imaging (MRI), antemortem
reference images are increasingly based on these formats. This
means that the same technologies are gaining importance for
postmortem examinations.
In addition to these circumstances, postmortem CT scans
should also be considered for situations where an autopsy is
either not possible or prohibited by religious objections or
ethical concerns. Since traditional or digital X-ray and/or CT
scanners are part of the standard technology available in legal
medicine or forensic pathology institutions, it is expected that
radiological equipment should be available for mass fatality
incidents. It may be necessary to transport the equipment to
the response site. Here options like mobile dental X-ray stations
are a great advantage.
Dental X-rays are routinely used in dental practices and
depending on the country of origin for the victims may be a
good source of antemortem data. Orthopantograms (OPG),
where a complete view of the upper and lower jaw with detailed
images of each tooth are part of the patient’s record, are especially helpful. Studies have shown that treatment charts may
contain mistakes (Lessig and Benthaus 2003; Lessig et al. 2005b)
and OPGs have the advantage of providing objective documentation. Postmortem X-rays that capture invisible treatments
such as root canal work are now standard for forensic odontologists. During the 2004 Tsunami DVI effort it was realised
that many victims were of Scandinavian origin and had ‘bite
wings’ X-rays of the molars as part of the patient record. Therefore it was decided to generate the same image for all of the
victims (Benthaus et al. 1999; Fuhrmann et al. 2001; Lessig
et al. 2005b). Many DVI teams employ digital X-ray, which
allows for a more rapid examination and documentation
during the investigation.
Scans like CT or MRI are already established as forensic
pathology imaging tools and especially CT is well suited for
postmortem diagnostics (Virtopsy Team and Oesterhelweg
2007). In support of victim identification projects, it is an
advantage that this technology generates a complete set of
findings, including stents, old fractures or other anatomical
aberrations that now can be visualised without additional preparatory treatment. Specific software settings even allow for
the visualisation of teeth in spite of potential artifacts caused
by metal fillings. Even though currently a visual examination
cannot yet be replaced, CT scans are a technology that will
allow for objective documentation (Thali et al. 2006; Kirchhoff
et al. 2008). In 2007, the group of Thali had discussed the
advantages and disadvantages of CT scans for DVI projects
(Sidler et al. 2007).
Shortly afterwards, CT scans were used for an aviation accident in Australia, where all 162 body parts were scanned (Blau
et al. 2008). In the 2009 Bushfire Incident in the Australian state
of Victoria, the often completely carbonised human remains
were scanned. Especially under these circumstances where the
material to be tested cannot be examined by other means,
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modern imaging technology provides an option that will still
generate results (Cordner et al. 2011; Leditschke et al. 2011). CT
scans are also a valuable tool for screening human remains for
hidden explosive devices in war or terror attack situations,
where such devices may be present on suicide bombers or could
have been planted to endanger the response team. The Department of Pathology of the US Armed forces routinely employs
CT scans prior to any further examinations (Levy et al. 2010).
In a DVI setting, this approach also has the advantage that the
forensic pathologists or dentists can use the results to search
specifically for and verify specific findings. If the CT scan is
done by technicians, this can be very time effective and will lead
to a complete set of findings, which can prevent additional
examinations. During the 2004 Tsunami it was often necessary
to re-examine human remains after antemortem information
had become available.

13.8 Chemical biological radioactive
nuclear explosive weapons
With the assistance of Markus A. Rothschild
and Klaus-Peter Benedix
Mass fatality incident planning should consider CBRNE
weapons since they are an existing threat in the context of
national and international terrorism. A statistical analysis of the
Oklahoma City National Memorial Institute for the Prevention
of Terrorism (MIPT) for the years 1968–2004 shows an incidence of 0.2% for chemical weapons and 0.08% for biological
weapons in terrorist attacks (Bogen 2006).
There have been few accounts of civilian forensic pathologists responding to victims of incidents involving CBRNE. This
lack of information became problematic during the March
2011 catastrophe surrounding the failure of the Fukushima
power plant in Japan. There was no strategy and no procedure
of how to deal with the deceased victims in the contaminated
zone. The high radiation levels posed a danger for rescue teams
and investigators, so initially there was no attempt to recover
any of the human bodies. The presence of explosives or biological, chemical or radioactive substances endangers the welfare of
responding teams and thus makes it impossible to follow a
routine response protocol. Existing published protocols and
guidelines cover military or civilian medical personnel dealing
with survivors (Williamson 2011) but not the DVI aspect. This
is also emphasised in an article by Linney et al. (2011) reporting
on a survey about competencies and training opportunities in
the area. Stevens et al. (2010) covered another survey questioning paramedics in New South Wales, Australia, about their willingness to work as responders in a CBRNE scenario. The results
show that the degree of cooperation increases with clear regulations, well-defined protective measures and the corresponding
training. Training must include correct use of safety masks and
protective clothing. Planning and preparation need to evaluate
the effect of the requisite protective gear on the ability to

perform the required tasks. Psychological aspects like fear,
uncertainty and loss of control are normal side effects and also
need to be addressed during training.
One characteristic of a CBRNE incident is that the dangerous substances are not always detectable and recognisable to
humans. This makes the situation hard to assess and may
obstruct self-protection. Chemicals can affect humans in a
variety of ways, and early identification is essential for initialising appropriate safety steps. Chemicals can act through contact,
ingestion or inhalation. Exact knowledge of the toxicological
properties of the substances is also important. Biological agents
(e.g. bacteria, viruses, fungi, parasites and toxins) are generally
substances that cause severe diseases in humans. Methods of
absorption are similar to chemicals. It can be necessary to apply
initial prophylactic measures like vaccinations or postexposure
prophylaxis (PEP) to prevent the disease or an epidemic. It is
recommended that professional responders maintain and
refresh a basic set of vaccinations such as diphtheria, poliomyelitis, tetanus, hepatitis A and B, measles, mumps and seasonal
influenza. One should also consider vaccinations for yellow
fever and typhus.
Radioactive substances, especially α-radiation, are extremely
dangerous and can enter the body through inhalation, ingestion
and absorption through skin lesions. The consequence of radioactive exposure is the so-called radiation sickness. Early nonspecific symptoms are headache, nausea, vomiting, diarrhoea
and loss of appetite, but very high doses can cause immediate
death. It can be very difficult to remove radioactive contamination, especially if the soil of the area is affected. DVI staff
working in radioactive zones needs to be equipped with calibrated high quality radiation exposure measurement devices
and follow general protection procedures.

13.9 Documentation and quality
management
Documentation of all collected information, antemortem and
postmortem, is an important component of the identification
process. This includes the use of a standardised numbering
scheme. Following the rules suggested for international incidents, one must keep a strict separation between antemortem
and postmortem information for all documents. In addition,
each set of information must be tagged with a country-specific
identifier, normally corresponding to the international telephone country code, so that it is easily discernible where the
information is from. For antemortem data, this number reveals
the country of origin for the missing person data. In the postmortem area, the number will indicate which country’s team
provided the examination. After the country identifier, the
number continues with a running tally of cases or bodies so
that, for example, using the German country code, the numbers
would appear as AM-49-00001 for the missing person list and
PM-49-00001 for the human remains. As discussed, antemor-
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tem and postmortem forms are also easily distinguishable by
the colour (yellow or pink: see Figs 13.2 and 13.3).
Each set of human remains that is not attached and unambiguously connected to another larger part will receive a separate postmortem number. This also applies in situations where
the location of the remains would indicate an association
between separate pieces. Any such assumptions must first be
confirmed through appropriate scientific examinations.
Photography is a critical part of documentation and a means
objectively to capture human remains, characteristic markings
and personal effects. It is important to use a consistent numbering scheme as described above. High quality photographs with
a reference scale for size will allow for comparisons between
antemortem and postmortem data and clarify possible mistakes
in the physical descriptions provided by family members or
others.
As in other areas of forensic science, quality management is
an important part of DVI efforts. Well-written standard operation procedures will ensure a consistent approach and allow for
rapid training of new team members. This is especially important since the DVI process is not part of regular daily duties,
and therefore will require a period of refamiliarisation each
time a team is mobilised. Quality management should be
expanded to reviewing data forms for gaps and inconsistency
as early in the process as possible. This will prevent delays or
even worse misidentifications based on transcriptional errors
or missing information. All identifications should also be
reviewed prior to notifying the family. Again, data verification
and checks for consistency within a case can prevent sample
mix-ups and mistakes (Budimlija et al. 2003).

Useful websites
Centre for International Forensic Assistance (CIFA), http://www.cifa.ac/
index.html.
Plass Data Software, www.plass.dk/en/dvi-mpub/history.
(Both last accessed 26 March 2013.)
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Legal Aspects of Traumatology
and Violent Death

Philip Beh

14.1 Definitions
It is important at the start of this section to define clearly some
of the terms that readers are likely to read about in this section.
Traumatology in its simplest form means the knowledge of
trauma. Trauma has its origin in Greek and means ‘a wound’;
modern definitions, however, have expanded it to ‘an injury to
living tissue caused by an extrinsic agent’ or ‘a disordered
psychic or behavioural state resulting from mental or emotional
stress or physical injury’. An injury is defined as a wound or
trauma. A wound is defined as an injury that breaks the skin.
Despite these definitions, it is not uncommon that these
words – trauma, wound and injury – are often used interchangeably. In the world of the lawyers though, an injury may
also mean a ‘wrong’.

14.2 Basic legal principles
14.2.1 Liability
When A breaks the window of B and the law deems that A has
wronged B, then A is liable for the damage done to B. In a
simple sense one can substitute liable for responsible. Legally,
an act can result in both criminal and civil liability. In the above
example, civil liability would require that A will have to compensate B for the damage and restore the belongings of B to its
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original state. In essence, A compensates for the damage by
paying either for the repair or replacement of the damage.
Criminal liability arises where the state holds the act of A damaging the window of B as a breach of its code of behaviour
‘criminal law’ expected of its citizens. A will therefore be liable
to the state for such a breach of behaviour. The state can impose
sanctions on such behaviour on A. This would then constitute
A’s criminal liability.

14.2.2 Mens rea: intent
When society became civilised and when people flocked and
stayed together as a community, rules and behavioural expectations were required to ensure a functional and peaceful coexistence. The breech of such rules and regulations form the basis
of what we now know as legislations and legal requirements.
Society in its wisdom understands that there is a difference
between a planned intentional breech of these rules and regulation versus an inadvertent breech or a breech that arose because
A was unaware or ignorant of the existence of such a rule.
In modern times, much of criminal law and criminal liability hinges on this question of knowledge and intent. In the
terminology of the crime of murder, it is the ‘mens rea’ often
defined as the ‘intent’ or ‘premeditation’. Let us take the example
of ‘driving under the influence of alcohol’. Many countries now
have such drink-driving legislations although the tolerated level
varies from zero tolerance to 0.10 (100 mg %). A driver X drinks
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several glasses of wine and drives a vehicle. X was stopped and
was found to have a blood alcohol that was over the limit. There
is no question here that X is liable, as X had drank wine which
he knows contained alcohol. Mens rea is clear. However, what
if X had asked for ‘alcohol free wine’ but was wrongly given
wine instead? Did X have the mens rea? Similarly, what if X had
only ordered fruit juice but someone had slipped alcohol into
the juice, did X have mens rea? How the above is resolved in
practical terms varies from country to country, and on how the
legislation on drink-driving are written. Hypothetically, X
could still be found liable if having tasted the drink and realising that it was ‘different’ X continued to drink it even though
X had suspected that there may have been alcohol in the drink.
Conversely, X may be able to escape liability if X having tasted
the drink and found it to be different asked the waiter to change
it and was further reassured by the waiter that there was no
alcohol in the drink. Hence mens rea can also be construed in
an exclusionary way. This is demonstrated quite clearly in many
rape laws. A man is guilty of rape of a woman if the woman at
the time of the rape did not consent to it or was reckless as to
whether or not she had consented.

14.2.3 Actus rea: the act or action
In the free world, whatever the regulations and existing laws,
every human being is allowed freedom of thought and will. It
cannot be right or appropriate to punish a person who chooses
to think differently from the society he or she lives in. Hence,
a person generally cannot be found in breach of regulations or
laws just by thinking: there is also required an act which is taken
that breaches the rules of society before that individual can be
called to account for breach of such an act. Using the examples
above of drink-driving, no crime would have occurred if X did
not drive a vehicle. Similarly, for the example of rape, a man
can think of raping a woman but as long as no action is taken,
he has not committed a crime. The act or actus is therefore very
important.

14.2.4 Injuries and causation
Forensic doctors spend a huge amount of their time identifying
the injuries, describing in great detail their measurements, their
position on the body of a victim or suspect as well as their type.
Details of the classification of the different types of wounds will
be discussed in great detail in other chapters in Part III, as well
as the likely objects or weapons that may have been used to
cause such injuries, the degree of force that may have been used
and the likely result and consequence of such a wound. All such
effort takes us to the issue of establishing causation. Causation
can be simple in that it establishes the connection between an
act and an outcome; a punch resulting in an injury to the nose.
It can, however, be far more complex in that it can link the mens
rea to actus rea and to outcome. Mr X wanted to kill Mrs X; he
bought a gun and he shot her in the head killing her. If we

wanted to convict Mr X with killing his wife, we would need to
establish the mens rea which was that he had told friends he
wanted to kill her and he had bought a gun to do so. The actus
rea was that he had shot her in the head causing her death. We
would not be able to convict him of killing his wife if after
shooting her in the head, she did not die. Hence the causation
or causal link was not present. The situation would also be
similar if Mr X had shot at Mrs X but failed to hit her.
Such linkage must be evident and cannot be interrupted. An
example of such an interruption is found in the principle of
‘novus actus intervenens’. Such an interruption would limit the
liability up to the point where the novel act had intervened.
Returning to our example, if Mr X had shot at Mrs X but
missed; a worker working on a building was startled by the
sound of the gunshot and dropped his hammer on Mrs X
killing her. It would be difficult to establish a causal link to
convict Mr X of killing his wife.
Novus actus will usually have to be so extraordinary to be
valid in breaking causation. In our example, it has been found
that Mr X had shot at Mrs X and caused a minor injury; Mrs
X, however, refused medical care and she subsequently died
from the infection of the injury. Causation is still established
and Mr X would still be convicted. In this situation, the legal
principle adopted is what is referred to as ‘but for test’. Applying
this test, Mrs X would not have died from an infection of her
injury but for the fact that Mr X had shot at her and injured
her. Hence, complications of wound infection, surgical mishaps
and so on, will fall under this rule and will not release a defendant from criminal liability because the causation can be
established.

14.2.5 Causation, liability and time
From the above, it is clear that once we are able to establish
causation we are able to establish liability. Such liability can be
both civil in nature as well as criminal. In many situations that
follow the consequences of causing injury to a third party, the
third party can institute civil claims for the consequences of
that injury such as loss of earnings, physical, psychological disabilities, cost of health care, and so on. Such proceedings are,
however, subject to statutes of limitations so that a person
cannot be held liable for an unreasonable period of time. In
practice, such statutes of limitations have often been interpreted quite leniently by the courts particularly in claims for
product liabilities as well as in claims for medical negligence.
In the world of the common law, the legal axiom still exists
that a person cannot be held criminally responsible for causing
the death of another if the victim survives longer than a year
and a day. It is easy to understand the historical connotations
of this ruling where knowledge of medicine and health care was
non-existent and lifespans generally short. There have been so
few examples of such a challenge to this rule that it is unclear
if it will succeed in a modern day criminal trial. In a practical
sense, it would not be uncommon that an assailant would have
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been charged with a variety of possible criminal offences even
up to one of attempted murder without having to wait for the
death of a victim.

14.2.6 Murder and manslaughter
The common law concept is applicable for the general understanding of the criminal law, although readers are encouraged
to become familiar with the legislations that they work under.
Murder is the crime of killing another living person with intent.
Hence, it requires proof of both the ‘mental’ element of intent
as well as the ‘physical’ element of the act, causation.
Manslaughter is the alternative charge to murder in many
legal jurisdictions and is one where the ‘mental’ element cannot
be established. Inability to establish the mental element can be
relatively simple in that the defendant did not possess the
mental capacity or ability to form intent. A simple example
would be a very young child.

14.2.7 Mental capacity
Most societies believe that children are born innocent and
are incapable of developing criminal intent until at least
adolescence preferably adulthood (Table 14.1 provides a list of
ages of criminal responsibility). There have, however, been
gradual changes in such attitudes particularly with the publicity
associated with some horrific killings involving children as
assailants.
It is also commonly accepted that a person of ‘unsound
mind’ cannot be held criminally liable if the act was performed
when they were suffering from such a state of ‘unsoundness of
the mind’. There is a strict requirement of assessment of the
mental state of the defendant not only to establish a clinical
diagnosis of psychiatric conditions but also even more importantly, that the defendant’s condition had rendered the defendant incapable of deciding what was right or wrong. Therefore,

it is possible to find a defendant with a confirmed psychiatric
disorder liable for a crime. Readers should review the historically significant rules on this issue, McNaughton’s (or
M’Naghten’s) Rules. The situation for mentally subnormal
individuals is much more difficult. Different jurisdictions
handle such cases very differently, often the views of society as
a whole affects the action taken. There is no definitive exemption or protection. Mentally defective adults have been executed
after conviction for murder.

14.2.8 Diminished responsibility
In the world of common law, this is the phrase most invoked
for arguing against a murder in favour of manslaughter. In
essence, the onus is on the defendant to convince the tribunal
that they have suffered a mental condition which had occurred
so that their normal responsibilities for an act should be diminished. In the situation of a killing of another person, a common
ground for arguing diminished responsibility is one of ‘provocation’. The defendant was provoked by the victim in such a way
that emotions had overcome the rational and normal restraints
which would have been otherwise exercised. The defendant
would have to convince the tribunal (judge and/or jury) that
any normal person in the society would have reacted in the
same way that the defendant had if faced with such a ‘provocation’. An ideal example will be those cases poetically described
by authors as ‘crimes of passion’.
Diminished responsibility does not have to result from a
permanent condition. In fact, it rarely does. Defendants will
often seek to show that they have endured an adverse situation
for a long period of time, such as under situations of domestic
violence.
Self-induced states leading to diminished responsibility is
generally not accepted. A defendant who drank large amounts
of alcohol and proceeded to kill another person will not find
much success in arguing diminished responsibility because of

Table 14.1 An example of how in Hong Kong the severity of injuries inflicted is directly linked to criminal liability and also the
punishment imposed for the crime.
Laws of Hong Kong

Offence

Penalty as stated in law

Penalty in reality

Chapter 212 Section 2

Murder

Life imprisonment

Life imprisonment

Chapter 212 Section 7

Manslaughter

Up to life imprisonment

Several years the norm. Life is rare

Chapter 212 Section
212

Infanticide

Up to life imprisonment

Suspended sentence or care order.
Rarely imprisonment

Chapter 212 Section 19

Assault causing grievous
bodily harm

Up to 3 years

Months to 3 years

Chapter 212 Section 39

Assault causing actual
bodily harm

Up to 3 years

Usually months

Chapter 212 Section 40

Common assault

Up to 1 year

Fines and suspended sentence not
uncommon
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the alcohol intake. The same applies to drugs of abuse and drug
addiction. The general sense of this decision to ignore selfgenerated states of diminished responsibility is that it was selfinflicted and could have been avoided.

14.2.9 Infanticide
The modern crime of infanticide is a unique one and arises
from an era where women’s rights, equal opportunity and
single parenthood were unheard of. In the early turmoil of the
Industrial Revolution, young unskilled females from rural areas
flooded the cities in search of work and money. Many ended
up as victims of rape and/or deception. Many became pregnant
with a child that was unwanted and unloved. The plight of an
unwed single mother was something that had to be avoided as
it had serious and deep repercussions for the young girl. Many
took the obvious way out, attempting to end the pregnancy
through abortion or in situations where it was too late, the
killing of the newborn or young child. The initial societal
response was to send many of these unfortunate mothers to
their death convicted and executed for the killing of their child.
Social reformists eventually managed to convince society that
such young women were victims and should not be treated so
harshly. The crime of infanticide was hence ‘invented’. It was
clearly designed only for the reprieve of the mother and applied
only to the killing by the mother of her own child within the
first 12 months of life. The ingenious excuse was to claim that
the mother must have been in such a state of diminished
responsibility as a result of the pregnancy and/or of lactation
that she would kill her own child. This social sentiment has
been retained in many legal tribunals. The statute books may
state that infanticide is manslaughter and should be subjected
to the same punishment; but in practice, many mothers are
spared jailed sentences with some merely sent to health care
institutions.

14.2.10 Punishment for crime
This should never be the consideration of forensic doctors in
as far as they are considering society’s response to crime. In a
general sense, punishment is a function of the assessment of
the degree of intent as well as the severity of the act and its
consequence. As the degree of injuries to the victim increases,
and in particular if such injuries result in extended periods of
hospital stay or prolonged or permanent disability, the degree
and severity of punishment increases. It is not uncommon in
some instances to see prison sentences that are even longer than
where victims have actually died. In situations where such
‘severe’ bodily injuries have been inflicted, several other compounding factors become important. Here the forensic experts’
expertise becomes critical: wounds inflicted without the use of
weapons will often be punished more than if weapons were
used. Wounds resulting from an ‘encounter’ between equals will

likely result in a lesser punishment than that between a ‘trained
boxer’ or martial arts expert and a ‘normal’ victim. Similarly,
where multiple attackers inflict injuries on a lone victim, the
punishment tends to be much more severe.
Victims at the extremes of ages will often also result in stiffer
penalties for defendants because society views these victims as
particularly vulnerable. It is now widely accepted that child
abuse extends beyond physical abuse to emotional, sexual abuse
and neglect. This is also happening in the area of elder abuse.
Some jurisdictions have even moved further to a situation
whereby the carers of a child or a mentally incapacitated adult
are expected to provide a certain degree of care and protection.
These carers will have criminal liability if they have failed to
protect their charge from harm, even if they were not the
attacker.

14.2.11 The thin-skull rule
This rule specifically states that an attacker will be liable for his
or her criminal act even though the outcome of the act could
not have been predicted. Hence, if X had hit Y and Y fell and
cracked his skull and died, X is liable. This liability will not
diminish even if is found at autopsy that Y had a very thin skull
which would crack very easily. In reality, this is not as common
as when X hits Y, Y collapses and dies. The autopsy may reveal
that Y had suffered an acute myocardial infarction or an acute
intracerebral haemorrhage. It often will be difficult to make the
causation linkage in a situation like this, but the law states that
you will have to take your victim as they are. Sad but real case
examples have included pointing a gun at an elderly victim who
collapsed and died from a heart attack.

14.2.12 Apportioning liability
In some legal jurisdictions, great effort is made to apportion
the degree of criminal liability. For example, in a fatal attack on
a victim by several attackers, the tribunal will attempt to establish the individual action of each attacker and the consequences
of such actions. Hence, an individual may be convicted of
murder because of the infliction of a fatal wound. Others may
be convicted for causing serious bodily harm. Under the
common law system, such differentiation is rarely made. All the
attackers will be found equally liable for the worst possible
outcome; hence all would be convicted for murder.

14.3 Conclusions
This is by necessity a short overview of some of the legal concepts and issues that the forensic doctor should reflect on in the
course of their work and their interaction with the police,
lawyers, judges as well as social advocates.

15

Traumatology and
Criminology

Philip Beh

15.1 Introduction
Forensic pathologists see and interpret injuries on a daily basis,
and gain experience from correlating what they see in terms of
pattern of injuries and their causes. Much of the experience
gained from individual cases is gradually transformed into
knowledge gained from having seen and correlated countless
types of injuries with countless patterns of injuries. The experienced forensic doctor can often stump the young trainee and
police officers with their uncanny ability to ‘solve’ a case. This
is often the subject of TV and movie drama.
It is, however, true that there is no other group of experts
who can see and understand injury and their causation more
than the forensic pathologist. Accident and emergency doctors
do see a lot of trauma but they are by training preoccupied with
saving lives not pondering about what caused the injuries.
There are experts who have studied in great detail specific areas
of traumatology, such as injuries to the occupants of vehicles
during different types of vehicular impact in industrial testing
on biomechanical crash test dummies. Doctors specialising in
sports injuries are also very good with regard to specific sports
and injury mechanisms to specific joints and so on. All such
information is useful and should be understood and embraced
by the forensic pathologist and incorporated into his or her
repertoire.
A less understood and unexplored area of traumatology in
a general sense is that of the behaviour behind the use of violence or the intentional causation of injuries. Traditionally, this
study of human behavior, or more specifically human deviant
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behavior, has been in the realm of criminologists. Another
aspect of focus of criminologists is in the study of the effectiveness of the criminal justice process in maintaining law and
order, in punishing deviant behaviours and also in deterring or
preventing crime. In short, the forensic pathologist often sees
and learns from individual cases and infers common patterns
from their own experience. Criminologists, however, tend to do
the reverse as they attempt to predict individual behaviour
through analysis and exploration of the bigger picture in terms
of general criminal behaviour and principles of psychology.
Sadly, such academic divides have deprived the field of
forensic medicine and criminology of an ideal opportunity to
develop understanding not only from theoretical principles but
also to test and fine tune such theories with real-life case studies.
This chapter discusses some of these areas and indicates the
advantages gained from such collaborative studies.

15.2 Homicide
The widely accepted belief in the world of criminology is that
the homicide data of any country is probably its most reliable
crime statistics. This can only be true if that country has a
robust and credible criminal justice system and government.
There are also countries where even the annual homicide rate
is considered a state secret and is not publicised. Still, international agencies continue to attempt to gather and make available worldwide data on homicides. Table 15.1 shows the top five
countries in the different geographical regions of the world in
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Table 15.1 The top five countries with the highest homicide rates from each of five continents in
2004. Rates are per 100 000 population. Data © United Nations Office on Drugs and Crime
International Homicide Statistics.
Africa

America

Asia

Oceania

Europe

South Africa
39.5–69.0

Colombia
45.5–61.1

Philippines
11.9–21.0

Papua New Guinea
15.2

Russian Federation
18.9–29.7

Côte d’Ivoire
45.7

El Salvador
56.4–57.5

North Korea
18.9

Nauru
9.9

Ukraine
8.0–12.0

Lesotho
13.3–37.3

Jamaica
33.7–55.2

Cambodia
3.7–18.5

Kiribati
6.5

Belarus
8.3–10.2

Burundi
35.4

Venezuela
32.5–37.0

Kazakhstan
11.9–16.2

Fiji
0.7–2.8

Republic of Moldavia
7.2–8.2

Congo
35.2

Bolivia
32.5–37.0

Myanmar
15.7

Marshall Island
1.8

Turkey
2.9–6.9

Table 15.2 The five countries with the lowest homicide rates from each of four continents in 2004.
Rates are per 100 000 population. Data © United Nations Office on Drugs and Crime
International Homicide Statistics.
Africa

America

Asia

Europe

Morocco
0.5–1.1

Bermuda
1.1

United Arab Emirates
0.5–0.7

Luxembourg
0.4–1.1

Egypt
0.7–1.3

Canada
1.5–2.0

Hong Kong SAR
0.6

Austria
0.7–0.8

Tunisia
1.5–1.7

Grenada
4.9

Singapore
0.5–1.3

Cyprus
0.2–1.8

Libya
2.2–2.9

Chile
2.9–5.5

Bahrain
1.0–1.1

Germany
0.7–1.0

Mauritius
2.5–2.7

Uruguay
4.7–6.0

Brunei
1.1–1.4

Denmark
0.8–1.1

terms of their annual rate of homicides. Table 15.2 highlights
the countries with the lowest homicide rates. Such a simple
comparison of the homicide rate can instantly provide an idea
of the level of security and personal safety that can be expected
in a particular country. It can also allow the formation of inferences about the effectiveness of their criminal justice system.
When data for a particular country is studied across time and
particularly where methodology for reporting has not changed,
one can start to study the impact of social policies. Such data
when coupled with data about the economic situation of a
country can help understand the factors that may be driving
crime, such as extreme poverty, gangs, housing, education and
employment.
As an example, domestic violence is seen around the world
and despite the efforts of international agencies such as the UN
and the World Health Organization (WHO), we are far from
being able to control it. What is obvious but often not acknowledged is that domestic violence is paradoxically much more
fatal in countries that have no gun control. Incidents of mass

homicides by a lone attacker tend to occur with much more
frequency in countries where an individual can possess guns.
Even where the offending spouse has successfully killed the
victim, the killing may not stop; it is not unknown that for some
the killing ends with the destruction of the whole family and
even with the killer themselves. So little is understood of what
determines the outcome of such violence; much more collaborative studies are needed between forensic pathologists, law
enforcement, social workers and criminologists before such
abusive and destructive behaviours can be truly understood
and the various influences of race, culture and social systems
understood.
The study of homicide can also highlight trends which may
require more specific responses from civil society and the criminal justice system. Where homicides are linked to gang violence, better education, better services for child and youth,
better efforts to bring down unemployment may go a longer
way than bringing in more police armed with even more powerful weapons. Homicides that are drug related may require
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efforts in tackling organised crime, in targeting the movement
of drugs as well as the proceeds of the drug trade. In some parts
of the world, educating farmers and helping them to grow
alternative crops have resulted in success in decreasing the production of illicit drugs.
The study of homicides if linked with the open and available
exchange of police intelligence on unusual patterns or trends,
even of individual homicide cases, is often the critical key in
allowing investigators to identify the existence of a serial killer.
One of the reasons that the USA appears to have more serial
killers than the rest of the world is more likely because it is one
of the few countries where there is at least an attempt at interagency sharing of information on violent crime.

15.3 Non-homicidal events
One area that is currently even more underexplored and utilised is the sharing of data on deaths and/or injury from nonhomicidal events. Defective products or toxic chemicals in
everyday products may lead to worldwide harm because of the
nature of global trade. Goods manufactured in one part of the
world are commonly shipped and distributed far and wide.
News of problems with products is often treated differently in
different jurisdictions. Developed countries with strong consumer protection and watchdog agencies are more likely to
publicise suspicions about product safety and advocate for
recall of unsafe products. Sadly, unscrupulous merchants will
simply ship such products to regions where no such concerns
are in place.
Cultural issues and political issues are not uncommon in the
background of suicides and homicides. Again, collaboration
with criminologists will not only help the forensic pathologists
resolve a case ‘correctly’, it will also help inform colleagues
about the existence of such issues, so that they are recognised
should they appear in other jurisdictions. Examples of such
include the so-called ‘honour killing’ reported by colleagues in
communities where the head of a family or clan may feel that
they have the right to kill a female member of their family or
clan for alleged shameful acts. Commonly, such acts could
merely involve not marrying a person chosen by the parent or
falling in love with a person outside the accepted social boundaries. Understanding of such issues will help forensic pathologists and law enforcement officers identify the likely suspect in
homicides involving minority and immigrant communities.

15.4 Suicide
Other than homicides, forensic pathologists deal with suicides
on a regular basis. To criminologists, suicide is a phenomenon
which is effectively seen only in humans, although analogies
have sometimes been drawn between the ‘mass beaching’ of
dolphins or whales. Even suicides show differing patterns and
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trends in different communities. The impact of religion is
sometimes a key factor, in that religion helps reduce the incidence; but in others, suicides are committed in the name of
religion (e.g. the recent troubling self-immolation of young
Tibetan monks and nuns). The choice of the means of suicides
bear study and results of such studies can lead to effective
suicide prevention strategies. Suicide prevention is an area
where forensic doctors can and must involve themselves. Examples of successful suicide prevention programmes include
reducing the access or ease of climbing to high places by building higher barriers on bridges and overhead road passes. In
many commercial buildings in Hong Kong for example, the
windows cannot be opened and the rooftop of the building is
locked and available only for emergency access. Suicide by
falling or jumping from heights although still a common occurrence, does not take place in such commercial premises. In rural
India, the most common means of suicide involves the ingestion of insecticides. A simple pilot programme of keeping such
insecticides in a locked metal box outside the family hut has
seen success in reducing the incidence of such suicides. Patterns
of suicides can also travel with the migration patterns of certain
cultural groups. A fairly recent method of suicide in Hong Kong
and some of the Asian countries was that of burning charcoal
in closed confined spaces with death resulting from carbon
monoxide inhalation. Such deaths were so ‘popular’ that its
notoriety spread to other Asian communities around the world
and reports of such suicides were appearing in countries such
as Canada and Australia. A small pilot study conducted in Hong
Kong showed that a simple act of making the sale of charcoal
from supermarkets more cumbersome by requiring a buyer to
ask for such charcoal from a shop assistant who would then
have to collect a key to open a locked cage where the charcoal
was stored resulted in a significant decrease in the numbers of
such suicide deaths.

15.5 Torture
Another area of interaction for forensic doctors is that of the
examination of victims of torture. Humankind is almost limitless in their creativity in the means of inflicting pain and suffering on their fellow human beings. Forensic doctors who
examine victims are often provided with a huge resource on
correlating peculiar types of scars and deformities with specific
methods of torture. Some regimes are very masterly at inflicting
pain without leaving much physical marks or scars (e.g. application of electric currents to cause pain). In many instances,
little evidence remains to support such allegations. However, in
some instances, careful examination may reveal marks where
the metallic probes have come into contact with the skin. The
now infamous waterboarding technique is also a method that
would not be easy to collaborate if not for eyewitness accounts
supporting the descriptions of survivors of such torture techniques. Psychological methods are sadly also fairly frequent,
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such as that of sleep deprivation, disruption of day/night cycles
as well as mock executions or mock executions of friends,
family or colleagues.
In many parts of the world, torture is conducted with a total
disdain to the possibility of discovery. Often in such regions,
torture victims are killed accidentally or executed with total
disregard to consequences. In such places, torturers may develops certain practices or methods and comparison of notes
between forensic doctors who have examined survivors may
reveal tell-tale patterns such as marks of ‘branding’ patterns of
soft tissue injuries to the shoulder seen in victims suspended
with their arms tied behind their backs but with the weight of
the body acting through the shoulder joints. Other examples
include the now infamous ‘falanga’ where the insoles of the feet
of a victim are beaten with a rubber hose or a cane. The original
purpose was to inflict pain and also to not leave any tell-tale
marks of such violence. However, recent years have seen torturers disdain possible detection and such beatings have been conducted with much more robust implements such as batons,
metal pipes, rubber hoses filled with solids, and so on. Blows
that are delivered overzealously result in fracture dislocations,
deformity of the bony arches of the feet, and so on. Commonly,
survivors of such torture cannot walk or walk with a severe
painful limp.
Forced female genital mutilation has now captured the
attention of the world media and press and is widely condemned. Yet if not for the identification and sharing of such
information, such acts may still have been seen as a ‘cultural
practice’ that should not be interfered with.

15.6 Homicide, suicide or accident?
Much of the forensic doctor’s work revolves around discerning
homicide from suicide or accident. At a glance, the differences
may appear obvious but after reading this book it will be discovered that this is not so easy.

Ironically, homicide is probably the easiest to discern,
because of suspicious circumstances, prior background histories of the victim and their relationships, type of weapon and
type of injuries sustained. Although it is always wise to never
say ‘impossible’ in forensic work, it is also wise to err on the
side of caution. It is preferable to be suspicious and overinvestigate. Once the forensic doctor can exclude suspicion and foul
play, the possibility of an accidental cause of injuries should be
explored. Fatal and bizarre accidental injuries are commonly
exchanged when forensic doctors meet. One never fail to be
amazed by how strange accidents can be. All that the forensic
doctor can do is to exercise caution to exclude foul play and
then to diligently explore the probability of the suggested accident. The forensic doctor should have an open mind but should
also be prepared to state that they do not know if they are
unsure of the conclusions.
Suicide should be a diagnosis of exclusion. Many cases of
concealed homicide have occurred because of investigators’
eagerness or willingness to accept a suggestion of suicide.
Although readers will no doubt learn about the need to explore
histories of emotional or mental disorders, look for evidence of
prior suicide attempts or evidence of suicidal ideation and
planning, they will also discover that many suicides have
occurred with an absence of all of these. The presence of the
suicide weapon or implement, the presence of suicide notes,
and so on, on their own do not prove or disprove a suicide.
Their absence too does not always mean that it could not have
been a suicide.
In conclusion, it is important for the forensic doctor to
remember that if you cannot convince yourself of your ‘conclusion’, it may be more honest to state that ‘you do not know’ and
allow the legal authorities to consult others; or for the case to
be recorded as unsolved but with the necessary material meticulously preserved for possible future reinvestigation. The successes of the Innocence Project following the development of
forensic DNA technology have resulted in the overturn of many
murder convictions.

16

Introduction to Some
Biomechanical Principles

Heinz-Dieter Wehner

16.1 Introduction
In a continuum, every element in a volume is exposed to inner
stresses towards its neighbouring elements. For a cubical
volume element, the stresses for each one of the six planes may
be dismantled into components where the direction is perpendicular to the plane level (so-called normal stress) or where the
direction is tangential to the plane (so-called tangential stress).
In Fig. 16.1, the stresses for the bordering planes of the crosssection through a cube are indicated. They eliminate themselves
in pairs in the tangential direction (τyz, τyx) as well as in the
orthogonal direction (ϭyy). A cross-section shown from the
front is shown here. These considerations, however, apply to all
other cross-sectional directions in the same way.
When exterior deformation forces are introduced, the tangential and normal stresses are changed so that the volume
elements are deformed (e.g. in the way indicated in Fig. 16.1).
If such introduced stresses are effective in their resulting direction of normal stress, they are called tension; if they are effective
against normal stress they are called pressure. If the forces
introduced from the exterior are in the direction of the tangential stress, they are called shear stresses. As shown in this chapter,
every traumatic mechanical separation of coherences may be
explained by the impact of tension, pressure and shear stress.

16.2 Separation of coherence through
the impact of tensile stress
If tensile stress surpasses the breaking point of a material, the
separation of coherences occurs in a direction that is mainly
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perpendicular to the tensile direction and causes a rupture (Fig.
16.2a). These ruptures can be detected in longitudinal elongation (e.g. of ligaments, tendons, nerves, vessels, etc.). Due to
vessel rupture, blood moves into the surrounding tissue or
body cavities (haematoma). The blood flow into the surrounding tissue is due to circulatory blood pressure (e.g. suffusion,
bruising). The form of the haematoma depends primarily on
the texture and the tissue density. Therefore, the object that
caused the vessel rupture cannot be assumed by the form of the
haematoma. If the object, however, causes the pressure gradient
itself due to its shape and texture, a formative shape or texture
on the haematoma becomes visible. One example is the tyre
tread haematoma (see Chapter 63); another is the textile
imprint trace. If only the intima of a vessel is ruptured under
the tensile stress, a covered rupture occurs which often causes
an aneurysm.
Tensile-dependent separations of coherences also occur in
the overload of bony structures. Here it is less about rupture
phenomena, but rather a fracture or bursting phenomena. If a
long bone, which is like a bar (i.e. the cross-section is small in
comparison to its length) (Fig. 16.3a–d), is bent by a lateral
force impacting the longitudinal axis (e.g. the bumper of a car),
stress develops on the convex side (i.e. the other side to where
the acting force impacted). This is due to elongation, a tension
primarily parallel to the axis causing an infinitesimal ‘initial
rupture’ due to overexpansion. This tiny ‘initial rupture’ does
not immediately go through the entire cross-section because it
abruptly changes prior to the development of the next rupture.
This then provides a new initial condition for a further infinitesimal rupture to spread, out of which the next minute rupture
piece develops creating another new initial condition. The
stringing together of these infinitesimal ruptures creates the
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Figure 16.1 Continuum due to stress with stretch εyy (A → A′,
B→ B′), crosswise contraction εzz and shearing (α + β = γyz).

final rupture. The rupture-dependent separation takes place in
two planes, so that a typical V shape of the so-called Messerer
fracture occurs. This occurs due to bending and is therefore also
called a bending fracture. Tensile stress-induced continuum
interruptions do not only occur in bar-shaped structures, but
also in planes. Striae parallel stretch marks occur, for example,
if the skin is extremely stretched (e.g. in the inguinal region of
a pedestrian when impacted from behind). Plane-shaped structures are often made up of shells. The globe fracture of the skull
is a typical example of this separation of shells (Fig. 16.4).
The pressure to the skull caused by a hit or a fall causes an
increase of the circumference of the latitudinal lines and leads
to tensile stress. This causes bursts along the longitudinal lines
(bursting fractures). This is not a static process. Observations
with high speed cameras show that the breaking lines continue
with high velocity to the periphery from the centre of deformation. Bending of the segmental fracture flakes occurs simultaneously with bursting fractures. This results in the typical globe
fracture pattern of the skull. A sinking of the skull in association
with the fracture causes a pyramid formation of the fractured
pieces on the inside of the shell.
A breaking fracture requires an intact medium, such as an
intact bone; a fracture line never crosses another. Puppe’s rule

Shear stress

Pressure

Shear

(a)

(c)

(b)

Tension

Shear
(e)
Normal stress + shear stress
Figure 16.2 (a–e) Separation of coherence due to tension, pressure and shear.

Excoriation / grazing
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Figure 16.3 Development of a bending fracture. (a) Development of longitudinal tension opposite the location of the primary force.
(b) Development of a first (small) rupture with a simultaneous change of the stress field. (c) Complete Messerer fracture. (d) Messerer
fracture of the tibia.

states therefore that the peripheral lines of a subsequent second
fracture stops at the pre-existing fracture.
One can see in the bending fracture, and also in the shell
bursting fracture in a skull, that the tensile stress is perpendicular to the direction of pressure impaction, so the tensile stress
is only indirectly created by a deformation of the continuum.
Indirect forceful impacts or trauma in these separations of
coherences need to be discussed when attempting to be correct
in terms of the physics. The principle of an indirect forceful
impact or trauma is presented in the example of the elastic disc
(Fig. 16.5a). If there is pressure and counter pressure exercised
in the direction of the diameter, it deforms under the prolongation of the diameter perpendicular to the pressure course, creating an ellipse. The tensile pressure creation in the largest
longitudinal axis of the ellipse may cause a rupture or burst.
Burst fractures of the skull base underlie such trauma mechanics (often caused by a fall).
In general, indirect trauma occurs if the location of the
continuum separation is not consistent with the location of the
application of force.
Pressure-induced tensile stresses cause contused lacerations
(Fig. 16.5b). The pressure on skin that rests on a hard base (e.g.
skullcap) causes a deformation vertical to the direction of the
application of force and thereby creates the tensile pressure,
which leads (when passing the breaking point along the area of
the lowest fissility) to a rupture. Not all tissue elements will

rupture because there are many different elastic tissue elements
in the skin; these will create tissue bridges. Figure 16.5b shows
that the tool-covered limit is stretched from AB to A′B′. This
relates to the tangential movement of the skin surface and
causes excoriations (that show at postmortem as desiccations)
due to the contusion process in the tool area. If the skin comes
into contact with an embossing pattern (e.g. impact with a grill)
and the displacement is only minimal, the skin excoriations are
the same as the embossing pattern and may show at postmortem as desiccations. Also, the distance from C to D (Fig. 16.5b)
is subject to the traumatomechanical impact of a stretch to the
length C′D′. Therefore, due to the stretch-related displacements
to the right and left, the connections to the base are ruptured
and an undermining of the wound edges can be seen.
If the continuum is not as deformable as skin and not moveable on a base, then it is not contusion, but compression. While
in a contusion the compression is almost completely changed
into normal tension and the shear stress may be neglected, it is
important to consider the shear stress that occurs in compression (Fig. 16.5c). For every level in a volume element, compression can be separated into two components perpendicular
to each other, in which some are against each other and the
others are horizontal. There is one level in which the horizontal
forces are maximal in a given pressure. If the horizontal components are large enough, they may cause, as a consequence
of shearing, the separation of a structure with dislocation, a
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(a)

(b)

(c)

(d)
Figure 16.4 Shell fractures (e.g. globe fracture). (a) Increase of the latitudinal lines with the simultaneous development of tensile
stress. (b) Partial aspect: longitudinal bursting fracture. (c) Partial aspect: bending fracture along the latitudinal line. (d) Pattern of a
globe fracture in principle.
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(a)

(b)

(c)

Figure 16.5 Pressure causing deformation and separation of coherence. (a) Pressure causing deformation of an elastic disc provoking
stress within the material. (b) Traumatogenesis of a combined ‘crush–tear injury’. (c) Traumatogenesis of a compression fracture.

so-called compression fracture. Compression fractures usually
occur in vertebral bodies. A distal radius fracture is a compression fracture because it is caused by bracing of a fall or by the
brace position of the steering wheel during a vehicular impact.
Also, the dashboard fracture proximal to the femoral condyles
is a typical compression fracture.

16.3 Separation of coherence through
the impact of shear stress
The shear resistance coming from exteriorly exercised forces
causes shearing injuries (Fig. 16.2c). The shear fracture of
the skull is a typical example of a separation of coherences
(hole fracture). The contours of the fracture may be matched
with the shape of a tool and are therefore called shaped force
trauma – in contrast to an unshaped force trauma, for which
matching with a tool providing the shape is impossible. Shear
fractures can occur not only in bowl-shaped bones, but also in

(bar-shaped) long bones. This takes place when the acting force
is so fast that a deformation cannot take place. One type of
shear-related injury is excoriation (see Fig. 16.2d), in which the
superficial skin abrasions are moved in the direction of the
shear force and are clinched like a harmonica. This allows the
reading of the direction of the shear force. As much as pressure
forces can be changed to tensile stress in the deformation of
the continuum, shear stress may also cause a tension impact to
the tissue (see Fig. 16.2e) A large movement of the skin may
cause on the one side avulsion of the skin (decollement) and
on the other side additional rupture. In this way, a space can be
created in the ruptured site between the subsurface and skin,
the so-called wound pocket formation. These pockets are often
be open due to their arched shape. Flaps are created. There does
not necessarily have to be a rupture through all the layers of
skin due to stretching; on the contrary, it is possible that due
to the tangential force more striae and parallel superficial
lesions are caused, so-called stretch marks (see Fig. 16.2e). If
the tangential force only impacts the surface, this is an abrasion.
The parallel-arranged abrasions in combination with the excoriations imply the direction of the tangential force.
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Sequelae of Traumatic Injuries
and Causes of Death

Guy Rutty and Michael Tsokos

17.1 Introduction
Guy Rutty
The perception of the general public may be that following
serious bodily injury, death is instantaneous. This perception is
reinforced by the media to which the general public is continuously exposed, for example in books and films, on television
and the internet. Although those who provide treatment to
the victims of trauma or examine the dead will undoubtedly
encounter cases where death (somatic, not cellular) could be
considered instantaneous, through disruption of the function
or integrity of the bodies vital organs, more often than not it
will be the experience of these practitioners that death is not in
fact instantaneous, but rather delayed as the body succumbs to
the sequelae of traumatic injury. The delay depends upon the
nature of the sequelae, and its amenability to treatment. Thus,
a delay of seconds to minutes may be experienced in one
instance and yet another may see a delay of months to years. As
long as a direct chain of events can be traced from the trauma
to the death, then the death can be attributed to the primary
trauma incident, an outcome that may have significant criminal
or civil implications.
This chapter presents an overview of the sequelae to trauma
that may cause death. It is not intended to be an all-encompassing
review of the pathophysiology of the complications of trauma
as this is beyond the scope of this chapter and can be accessed
through other texts, but rather a logical approach to allow the
practitioner to consider possible complications that may occur
in relation to the timing of the incident and the organs that it
may affect. This will allow them to plan, in advance, their
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approach to the investigation of the dead to yield as much
information as possible for medicolegal purposes.

17.1.1 Fatal sequelae of trauma
All of those who are familiar with the in-hospital delivery of
the various forms of life support (basic, immediate and
advanced, adult and paediatric) will be aware of the A, B, C, D
and E approach to patient assessment and treatment (RC 2010).
However, in pre-hospital emergency immediate care, this
approach is modified to <C>, Ac, B, C, D and E where <C>
stands for catastrophic haemorrhage, Ac for airway with cervical spine control, B for breathing with adequate ventilation, C
for circulation with haemorrhage control, D for disability of the
central nervous system, and E for exposure to examine. It is
recognised that in the first few minutes after the trauma 50%
of those who ultimately die, die in this period as a result from
catastrophic haemorrhage, hence the ‘platinum 10 minutes’ of
emergency response (Sauaia et al. 1995). In the period following this, which exists from between minutes to hours, the next
30% will die from blood loss, central nervous system pathology
or the complication of airway-related problems. The last 20%
die over the next hours to weeks and even months to years of
other complications including multiorgan failure and sepsis
(Fig. 17.1). Acosta et al. (1998) reported that, in their experience, 70% of those who are going to die from blunt or penetrating trauma do so within the first 24 hours of admission to
hospital, the majority of whom do so from thoracic vascular or
central nervous system injuries, the former being the principle
cause of death within 15 minutes of injury. Beyond 15 minutes
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50% Catastrophic haemorrhage
30% Haemorrhage and airway problems
Number of deaths

20% Late complications (e.g. sepsis)

Minutes

Hours

Days

Weeks

Time
Figure 17.1 Percentage of deaths related to time and causation.

they observed that the cause of death was different depending
upon whether it was caused by blunt trauma or penetrating
trauma. Beyond 3 days, different causes of death including
sepsis, multiorgan failure, acute respiratory distress syndrome
and pneumonia were observed.
This time-based approach will be used in this chapter to
consider the sequelae to trauma that may result in death as by
knowing this sequence the pathologist can logically approach
the investigation into the possible cause and contributory
factors of the death. This predictive approach mimics prehospital trauma assessment where understanding the scene/
incident and mechanism of causation of injuries allows
responders to predict possible injuries that might be present
and initiate treatment regimens.

Instantaneous
As stated above, there are few causes of death that can be considered truly instantaneous. Head, chest and/or whole-body
disruption with resulting disruption of the brain and thoracic
contents is incompatible with life and can occur, for example,
with close proximity primary blast injury (Mellor and Cooper
1989; Ruwanpura et al. 2008), shotgun injury to the head (Fig.
17.2), a fall from a significant height or high speed vehiclerelated incidents, for example jumping out of a moving vehicle
or being struck, face on, by a high speed train, or a plane crash.
An unusual form of instantaneous death including body disruption is described in relation to explosive decompression
where four divers in a compression chamber decompressed
suddenly from 9 atm to 1 atm (Giertsen et al. 1988).
The cause of death may be all too apparent in such cases,
and the emphasis of the investigation will likely be orientated
towards the identification of the victim. However, in such cases
the pathologist must always satisfy themselves that there are
sufficient findings present to support that the person was alive

Figure 17.2 Three-dimensional reconstruction of postmortem
computed tomography (CT) image of a fatal, disruptive shotgun
injury to the head.

prior to the trauma and that the disruptive trauma was not used
as a means of disposing of a victim of homicide.
Blunt trauma assaults can cause apparently instantaneous
deaths with minimal external and few, if any internal findings.
The classic example of this is the single punch to the jaw area
in a public house argument with the victim going straight to
the ground, dead. Autopsy, including a neuropathology examination may show no intracranial pathology to explain the
death. Another example is that of a blow to the chest, often in
adolescents or young adults, with no underlying cardiac abnormality, who demonstrate no rib, sternum or heart pathology
but where the resulting ventricular fibrillation results in death.
This set of circumstances is known as commotion cordis, an
event which has been recognised to occur since the mid-1700s
(Maron and Estes 2010).
Although not strictly traumatic, fatal cardiac arrhythmias
can arise from electricity-related incidents including those of
lightning strikes, the aftermath of which may suggest that the
victim was subjected to pre-lightning strike trauma. Although
a search of the body should be conducted for electricity entrance
and exit points, in the case of bodies in water where there may
be an electric current, no such marks may be observed (Wright
and Davis 1980).
Cardioinhibitory reflex cardiac arrest (CiRCA) related to
witnessed blows to the neck or the grabbing of the neck by an
assailant has been reported within the forensic literature since
the 18th century (Lewis 1932). Although well described within
the medical literature, debate continues within the forensic
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world as to the actual life threatening danger of neck
compression/blow due to the baroreceptor reflex without arterial compression (Schrag et al. 2012). In a recent systematic
review of papers published between 1881 and 2009, only one
case reported was considered to have no alternative explanation
for the death other than CiRCA. The authors of this paper
provided an opinion that their work supported that ‘the presumption that reflex cardiac arrhythmia due to carotid bifurcation stimulation cannot provoke death alone’. They went on,
however, to suggest that the state of knowledge suggested that
CiRCA might be a contributory factor to death in the presence
of drug abuse and/or cardiac pathology, often when associated
with physical and/or mental excitation (Schrag et al. 2011).
A mechanism of vasovagal inhibition is also put forward for
deaths related to water and fire. As a person enters water, it is
accepted that water can strike the pharyngeal structures, with
little if any going deeper into the internal air passages but the
resulting reflex results in cardiac arrest and death (Armstrong
2011). A similar mechanism is reported for fire deaths where
super hot gases strike the same area resulting in the collapse
and death (Rutty 2003). Subsequent autopsy examination
shows burning of the pharyngeal structures but no soot within
the trachea or deeper air passages, and a normal carboxyhaemoglobin level (Fig. 17.3).
Finally, an extreme example of instantaneous death is related
to the detonation of a thermonuclear device, as occurred for
example in 1945 at Hiroshima and Nagasaki, Japan. The result-

Figure 17.3 The tongue, pharynx and laryngeal structures
showing the effects of inhalation of hot gases.

ing combined heat and radiation resulted is vaporisation of all
matter, both animate and inanimate.

Immediate: minutes
Haemorrhage
In the minutes following trauma, catastrophic haemorrhage is
the principle cause of death in the pre-hospital environment in
up to approximately 50% of individuals. The military define
catastrophic haemorrhage as blood loss at a rate of 1 L/min. It
has been shown within areas of military conflict that if treated
rapidly, survivability is increased by 10%. Such haemorrhage
can be external or internal.
In adulthood, approximately 7% of body weight is circulating blood which for a 70 kg adult equates to approximately 5 L
of blood (70 mL/kg body weight). For children, it equates to
8–9% of body weight (90 mL/kg body weight). Examples of
how much blood may be lost with different injuries are as
follows (BALTS 2001):
•
•
•
•

Fractured ribs
Closed femoral fracture
A blood-filled hemithorax
Fractured pelvis

150 mL
1.5 L
2L
3L

Volume lost and the clinical consequences are classified into
four grades:
• Class I: Loss of less than 15% of circulating volume (up to
750 mL in a 70 kg adult). This is fully compensated by the
diversion of blood from the splanchnic pool. There are
no abnormal symptoms and signs other than minimal
tachycardia.
• Class II: Loss of 15–30% of circulating volume (750–1500 mL
in a 70 kg adult) requires peripheral vasoconstriction to
maintain systolic blood pressure. The pulse pressure is narrowed because of raised diastolic blood pressure.
• Class III: Loss of 30–40% of circulating volume (1500–
2000 mL in a 70 kg adult) causes a measurable fall in systolic
blood pressure because peripheral vasoconstriction fails to
compensate for the increasing loss. This manifests itself as
the classical symptoms and signs of shock.
• Class IV: Loss of more than 40% of circulating volume (over
2000 mL in a 70 kg adult) is immediately life threatening.
Effective and aggressive treatment must be initiated quickly.
Loss of more than 50% circulating volume results in loss of
consciousness.
Lesser volumes of internal haemorrhage may be equally lethal
depending upon the site where the bleeding occurs, for example
within the cranial cavity. As can be seen, survivability will
depend upon the nature of the injury, and whether the blood
loss is compressible (e.g. by direct pressure, splinting or the use
of a tourniquet such as the Combat Application Tourniquet
(CAT)), or non-compressible (i.e. within a body cavity where
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haemorrhage is only applicable to surgery). Other influences
include the age of the patient and factors that could modify the
ability of blood to coagulate, for example therapeutic drugs,
alcohol and natural haematological diseases.

External
Blood may be lost externally through three principal routes.
The first, for example in the case of a traumatic amputation or
a compound fracture, is by direct exposure of the blood vessels
to the external environment. Bleeding can be venous, arterial
or both and will be modified by the size of the vessel involved,
site and whether, for example, there is clothing present which
will initially absorb blood loss. An injury to a major vessel such
as the femoral artery can lead to rapid collapse yet a bleeding
varicose vein or an apparently minor laceration to the scalp can
result in sustained bleeding over a period of time with the same
result. These latter injuries can result in substantial blood
spatter within premises, which may raise initial suspicions that
the death is related to the actions of another party (Fig. 17.4).
The vessel may first retract and go into spasm as can occur
in the tearing of vessels, which will reduce initial blood loss.
This can affect other investigations such as blood spatter interpretation. Most forensic pathologists will be asked at some
point in their career to assist in explaining why an injury was
alleged to have been caused at one point when there is no blood
for a distance between this point and the first spatter. Exposure
of a vein to the atmosphere may result in the formation of a
cardiac air embolus (Saunders et al. 2010). The consideration
to undertake pre-autopsy radiology, usually in the form of post-
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mortem computed tomography (PMCT), must always be given
in anyone with an open wound above the level of the heart
(such as in the head, as in Fig. 17.5). The interpretation of air
in the heart must be done with knowledge of the potential
postmortem interval, as air will form and collect in the heart
after death as part of the process of decomposition (Egger et al.
2012).
The second form of external bleeding is via wound tracts
connecting, for example, a body cavity to the external environment or a deep soft tissue structure to the outside. Examples of
causes of such tracts are stab wounds and gunshot injuries.
Here blood may accumulate first inside the body and, once it
reaches a sufficient volume, comes outside the body. This again
is another reason for apparent absences of blood spatter
between the point of injury and the point of final collapse. This,
depending upon the injury involved, can be some distance
(Thoresen and Rognum 1986; Levy and Rao 1988; Zimmer
et al. 1994).
Thirdly, blood may exit through the natural orifices of the
body. Thus trauma to the head, neck or chest may result in
blood exiting the body via the external air passages. Abdominal
and genital tract trauma may exit via the anus or vagina. Base
of skull fractures may result in blood, and cerebral spinal fluid,
emanating from the external auditory canal, nose or mouth. In
the case of the airways, the presence of blood may act as an
obstruction to oxygenation and, due to its constituents, may
also trigger the onset of bronchospasm in asthmatics.

Internal
Bleeding can occur within the cavities, around the organs,
within the organs or into the supporting soft tissues. Traditionally, there are four principal sites of bleeding to consider: the
thorax, the abdomen, the pelvic cavity and the long bones.

Figure 17.4 A bleeding varicosity resulted in blood spatter which
was then modified by a household pet to result in extensive
blood spatter throughout the scene.

Figure 17.5 CT image of a cardiac air embolus resulting from a
compound fracture of the head.
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(a)

(b)

Figure 17.6 (a) Blood within the pleural cavity. (b) Blood within the peritoneal cavity.

(a)

(b)

Figure 17.7 (a) A haemopericardium resulting from a stab wound to the chest. (b) A postmortem CT image of a haemopericardium
resulting from blunt trauma to the sternum.

When it causes death, it can be associated with two different
actions: firstly, volume loss; and secondly, due to a resulting
mass effect with compression of vital organs. As stated above,
bleeding may be initially internal but become external through
wound tracts.
The classic example of bleeding into a cavity is the haemothorax. Two litres of blood and blood clot may accumulate
within either or each of the pleural cavities with resultant compression of the lungs and mediastinal structures (Fig. 17.6a). It
can arise rapidly from injuries to the lungs, heart or great
vessels or more slowly from injuries to the pleura, ribcage and
intercostal vessels. If an attempt has been made to treat it with
a chest drain, the correct siting of the chest drain should be
checked to ensure that no vital structure was damaged during
the process and the volume of blood removed prior to death
should be established by the pathologist in their consideration
of the contribution to the blood loss and the cause of death.
A greater volume of blood may accumulate within the peritoneal cavity (haemoperitoneum), again from intraperitoneal
organ and/or vessel injury (Fig. 17.6b). An attempt should be
made to distinguish pure blood from bloodstained ascetic fluid
although in the author’s experience (Rutty) the use of laboratory tests such as an haematocrit test may be difficult to apply
to such accumulations. Photography, recording of volume

present and, if available, pre-autopsy PMCT should be undertaken for all such accumulations should their nature and causation come into question at a later date.
An example of bleeding around an organ resulting in compression of a vital organ is the haemopericardium (Fig. 17.7a).
Here approximately 300–400 mL of blood and blood clot is
sufficient to cause death by constriction of the normally beating
heart. These can arise from penetrating trauma such as stab
wounds or gunshot injuries but may also arise from blunt
trauma to the chest with resulting rupture of the cardiac chambers or vessels as can occur, for example, in stamping injuries
or road traffic collisions (Fig. 17.7b). Modern trauma management applies focused assessment with sonography for trauma
(FAST), a limited ultrasound examination to consider the presence of intraperitoneal and pericardial fluid which, in the case
of trauma is haemorrhage, to assist with diagnosis and management (Patel and Riherd 2011).
Up to 15% of all motor vehicle-related deaths are due to
thoracic aortic injury. Deceleration of the degree encountered
in such incidents can result in partial or full transection of the
aorta, usually at a point where the arch becomes the descend
ing aorta. Blunt trauma, for example on contact with steering
wheels, during stamping or falls from heights, can result in
injuries to this site and other mediastinal structures. Full
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(a)

(b)

(c)
Figure 17.8 (a) Extradural haemorrhage. (b) Subdural
haemorrhage. (c) Subarachnoid haemorrhage.

transection results in catastrophic haemorrhage whereas partial
transection can result in dissections and pseudoaneurysm formation which may result in further complications, for example,
the occlusion of arterial branches with resulting organ infarction or delayed rupture.
A number of different types of accumulations of blood may
occur within the cranial cavity: extradural, subdural and subarachnoid haemorrhage (Fig. 17.8). The resulting cerebral compression in the case of extradural and subdural haemorrhage
or brainstem irritation (subarachnoid haemorrhage) can result
in loss of consciousness (from rapid to after a prolonged time
frame depending upon the type and location of the bleed) and
death.
Haemorrhage into the soft tissue of the neck may cause
compression of the trachea. Soft tissue bleeding, for example
associated with pelvic fractures, may cause potentially fatal
volume of blood loss but also may not be initially fatal but due
to resulting anaemia result in delayed death. This is usually seen
in the elderly with co-morbidity in the form of coronary artery
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Figure 17.9 Postmortem CT axial image of a ruptured aortic
aneurysm, which is clinically survivable but in the presence of
coronary artery disease, proved fatal.

disease. Similar co-morbidity may be the cause of death where
an internal bleed, for example from a ruptured aortic aneurysm, is such that clinically it should be potentially survivable
(Fig. 17.9).
Focal bleeds, for example into the brainstem or the atrial
ventricular node, may cause disruption of normal electrical
conductive pathways and death. Although these may be visible
macroscopically, microscopy may be required to visualise the
presence and location of such bleeding (Al-Sarraj et al. 2012).
Accumulations of blood may occur under the capsules of
organs such as the liver and spleen. There may be delayed
rupture of such accumulations causing an apparently recovering individual to collapse for no apparent reason a period of
time after the initial trauma. Other forms of delayed rupture
can be the formation of traumatic aneurysms or arteriovenous
malformations.

Postmortem blood loss
Knight draws our attention to the difficulty the crime scene
examiner or pathologist may have in interpreting the amount
of blood present either at the scene of death or found at autopsy
due to postmortem bleeding (Knight 1991). Wounds will continue to bleed after death, which may lead to the alteration of
the amount of blood present. Movement of bodies may cause
the immediate scene or clothing to become further contaminated if care is not taken to minimise such change, for example
by removing clothing at the scene of death. Placing a plastic bag
over the head of the deceased with a bleeding head injury may
lead to the loss of vital trace evidence due to the bag becoming
full of blood between the scene and the mortuary. The recovery
of such evidence at the scene prior to movement is thus recommended. Rolling a body onto its front to examine the back in
the case of a stab wound or gunshot injury to the chest usually
leads to the loss of blood from the pleural cavity and thus any
subsequent measurement of volume will be a minimal estimation only. Even the presence of blood clot within the cavity does
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not mean that this formed prior to death, as blood is recognised
to clot in the pleural cavity after death (Knight 1991).

‘Walk and die’
Although this section has focused on the various sites and
volumes of haemorrhage that can result in death within the
first 15 minutes after trauma, there are a number of nonhaemorrhagic blunt trauma associated causes of death, which
are not instantaneous, where the individual after receiving
blunt trauma, usually to the head, shows a short period of
survival which may only be a matter of a few minutes. Subsequent autopsy may show external injuries but the internal
examination, including neuropathology and cardiac examinations show limited findings with no structural finding to explain
death. These unusual deaths have been reported in the literature under a variety of titles such as ‘walk and die’, ‘talk and die’,
‘talk and deteriorate’ and ‘second impact syndrome’. Rapid
onset cerebral swelling may be a factor in such deaths, along
with alcohol. The role of so-called ‘post exercise peril’ has also
been explored as an explanation for these difficult medicolegal
investigations (Dimsdale et al. 1984; Veevers et al. 2009).

Acute: minutes to hours
Following the initial minutes after trauma where, as detailed
above, catastrophic haemorrhage is the principal cause of death,
the airways, consciousness level, body position and exposure all
become important considerations in the development of the
process that is the principal cause of death: hypoxia. This is the
period of the so-called ‘golden hour’.

When interpreting these values from paramedic records the
pathologist should remember that those with chronic obstructive pulmonary disease will have normal saturations below
95%, that carbon monoxide exposure will give a false high
reading, and that the reading is affected by bright sunlight, nail
varnish, shock, movement, arrhythmias and anything that
affects the pad of the finger tips, for example diabetes or peripheral vascular disease.

Airways
The airways can become compromised from the lips and nostrils inwards. The external air entrances of the mouth or nose
can become compromised following blunt trauma, for example
during kicks to the mouth or due to gunshot and blast injuries
which may result in disruption of the upper and lower jaws,
facial bones and oral structures.
Blood may fill the mouth, obstruct the supraglottic area and
enter the trachea. Bone and teeth may accompany this (Fig.
17.10). The patient may vomit and if the airway is not protected, this may enter the trachea and result in airway lumen
reduction or obstruction or, if it reaches the lungs, cause acute
alveolar injury. Maintaining a patent airway is a basic procedure
for emergency responders. Head chin-tilt and jaw thrust
manoeuvres are used in an attempt to open the airway (RC
2010). These can be supplemented with a variety of artificial
nasal, oral, supraglottic or laryngeal devices as well as the use
of manual and machine driven suction devices. Positioning the
body into the so-called ‘recovery position’ is used to protect
the airway from inhalation of gastric contents. The incorrect
placement of an airway, for example an endotracheal tube,

Hypoxia
The cells of the body require a continuous supply of oxygen to
produce energy. Failure of oxygenation of the blood results in
hypoxia which can result in morbidity and mortality. In trauma,
there may be an adequate availability of oxygen but a failure of
ventilation (breathing) which will result in hypoxia. Hence one
manages airway and breathing (A, B) in the immediate aftermath of trauma and in the following hours, if not longer; one
treats the complications that can by themselves result in hypoxia
or exacerbate hypoxia. Today’s responder should assess oxygenation by use of a pulse oximeter, and depending upon their
skill set, use capnography to ensure, for example, correct positioning of endotracheal tubes or monitor hypoventilatory states
(BTS 2008). Using the pulse oximeter the hypoxic state of the
patient can be assessed as follows:

Oxygen saturation
95–100%
90–95%
85–90%
<85%

Normal adult
Evidence of hypoxia
Serious hypoxia
Critical hypoxia

Figure 17.10 Postmortem CT image illustrating a tooth within
the internal air passages due to inhalation following blunt
trauma to the mouth.
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will compromise oxygenation and if not corrected, prove fatal.
Thus the pathologist should be acquainted with the variety
of resuscitation aids and devices used both in and outside hospital in the country that they practice so that they know their
purpose and can check their correct application, insertion and
positioning.
Fractures of the larynx can result in airway obstruction as
well as the formation of surgical emphysema. Surgical emphysema can also arise from chest trauma from fractured ribs.
Surgical emphysema can be localised to the area of trauma or
be extensive, involving unrelated areas of the body, for example
fractured ribs may cause peri-orbital surgical emphysema. It is
usually an examination sign but by itself is not a cause of
morbidity.

descending bulbospinal respiratory pathways, resulting in respiratory muscle paresis and/or paralysis; the more rostral the
level of the injury, the greater the likelihood that a major respiratory impairment will occur (Beth Zimmer et al. 2007).
Injuries of the lower cervical to thoracic spine affect the intercostal chest wall muscles; however, as long as the diaphragm is
functional, the patient can still breathe. Injuries to the cervical
spine in the region of C3–5 can result in diaphragmatic paralysis as well so the patient will be unable to breath: hence Ac,
maintenance of the airway with cervical spine control. In children, and more rarely in adults, one should always consider that
the patient may have suffered a spinal cord injury without
radiological abnormality (SCIWORA) (Pang and Wilberger
1982; Sharma et al. 2009).

Ventilation

Positional and crush asphyxia

Ventilation is synonymous in this context with breathing. The
commonest cause of reduced ventilation is a reduced level of
consciousness. This can be assessed using one of several systems
assessing the patient’s response to a variety of stimuli, such as
the alert, voice, pain, unresponsive scale (AVPU); the alert, confused, drowsy, unresponsive scale (ACDU); or the Glasgow
Coma Scale (McNarry and Goldhill 2004). In the trauma
patient, a reduced level of consciousness could be due to blunt,
sharp or blast injury to the head along with the effects of hypovolaemic shock.

Ventilation may be inhibited by restriction of movement of the
chest or abdomen or the position that an unconscious person
comes to lie in. Thus for example, in the case of road traffic
incidents, the pathologist must be made aware of the position
in which the deceased was found and extracted at the scene so
as to consider the contribution of crush asphyxia. An example
of this would be a motorcyclist who became trapped under a
car following the incident where the weight of the vehicle upon
the chest and abdomen resulted in splinting of the chest and
abdomen with resulting crush asphyxia (Fig. 17.11). A person
involved in a blunt trauma assault may go to the ground and
lie unconscious with the external air passages compromised by
the surface on which they are lying or they could fall across an
object such that the object has a splinting action upon their
chest and/or abdomen thus making them liable to positional
asphyxia.

Head injury
Trauma to the head can result in a range of macroscopic and
microscopic pathologies including fractures, intracranial
bleeds, contusions and tears to the grey and white matter as well
as axonal injury. Intercranial bleeds and their resulting mass
effect are considered above.
As with all other areas of the body, when subject to an insult
one of the first reactions that will occur to the brain is swelling
followed by true cerebral oedema. Cerebral swelling is caused
by cerebral hyperaemia and increased blood volume as a result
of disordered cerebrovascular autoregulation (McCrory and
Berkovic 1998; McCrory 2001). It is commonly referred to as
‘malignant brain oedema’ and may occur in as little as 20
minutes after the insult. True cerebral oedema takes hours to
days to occur (Klatzo 1967). If not treated, in both cases the
resulting raised intracranial pressure can result in brainstem
herniation which may prove fatal due to compromise of the
cardiorespiratory regulatory function areas of the brain.

Respiratory muscles
Paralysis of the respiratory muscles can result from spinal cord
injury. The muscle groups affected are dependent upon the
level of the spinal injury. More than half of all spinal cord
injuries (56.4%) occur at the cervical level (NSCISC 2006). An
injury to the cervical spine can lead to an interruption of the

Figure 17.11 Florid petechiae were documented at autopsy on
the body of a motorcyclist who became trapped under a vehicle
following a road traffic incident and who died of crush asphyxia.
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Chest injury
Trauma to the chest wall, pleural cavities, lungs and mediastinal
structures can result in a number of complications that can
result in death. Those related to haemorrhage are discussed
above.
Open wounds Open chest wounds arising from, for example,
stab wounds, ballistic injury or impalement, compromise
chest wall integrity. If the wound is greater than two-thirds the
transverse diameter of the trachea, air will flow through the
wound which will result in collapse of the lung with resulting
hypoxia (open pneumothorax). Such injuries can be treated
with devices such as the Asherman chest seal or a Nightingale
Dressing (Fig. 17.12). However, without monitoring, the seal
may fail which can result in the formation of a tension pneumothorax which, without treatment, will prove fatal (Arnaud
et al. 2008).

Figure 17.12 An Asherman chest seal used in an attempt to
treat the victim of multiple stab wounds to the chest.

(a)

Rib fractures Rib fractures can be single or multiple. Single
rib fractures arising from, for example, punches or kicks may
cause lung injury with resulting haemothorax or pneumothorax. When ribs are broken in two places resulting in a segment
of the rib cage becoming separated from the remaining cage,
this is termed a ‘frail segment’. Frail segments have an adverse
effect on ventilation. They may be unilateral or bilateral and are
associated with pulmonary contusion. Pulmonary contusions
are found in 20% of those with an Injury Severity Score of 15
or greater and are the commonest form of chest injury in children (Cohn 1997). They are associated with 10–25% morbidity.
Complications of pulmonary contusions include adult respiratory distress syndrome, respiratory failure, atelectasis and
pneumonia.
Pneumothorax and gastrothorax There are three types of
pneumothorax: simple, open and tension. Simple pneumothorax can arise from blunt trauma to the chest as air leaks from
damaged lung or rupture of bullae which were present preincident. As pressure increases, a tension pneumothorax will
develop resulting in lung compression and mediastinal shift
(Fig. 17.13a). The increase in intrathoracic pressure results
in cardiogenic shock, pulseless electrical activity (PEA) and
hypoxia. Tension pneumothorax can be relieved by the insertion of a large-bore cannula between the second and third ribs
in the midclavicular line. The pathologist should not simply
remove these prior to opening the chest but rather check that
the cannula was of sufficient length in the first place to breach
the pleural cavity and relieve the pneumothorax. This treatment is, however, a temporary solution with definitive treatment being provided by a chest drain. Again the pathologist
needs to ensure that the chest drain was sited correctly, entered
the chest cavity and caused no injury to the chest or abdominal
organs.
The stomach may enter the chest cavity due to diaphragmatic rupture, for example in a road traffic collision (Fig.
17.13b, c). This can be one of a spectrum of injuries sustained

(b)

(c)

Figure 17.13 (a) Postmortem CT scan illustrating a tension pneumothorax with mediastinal shift. (b, c) The stomach can be seen within
the chest cavity following a fatal road traffic incident.
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to the chest and abdomen. Tension gastrothorax may occur
following chest/abdominal trauma in a spontaneously breathing patient. The negative thoracic pressure generated with every
breath can cause the stomach to be drawn up into the chest
cavity through the diaphragmatic injury. This results in haemodynamic compromise and hypoxia (Tadler and Burton 1999).

Hypothermia
Once the core body temperature falls below 35°C, there is
the onset of hypothermia (Danzl and Pozos 1994). Again, the
assessment of this reversible condition is found within the
ABCDE approach with E representing exposure. A fall in core
temperature may occur after trauma, either through alteration
of the function of normal central regulatory centres or due to
the position of an immobile, shocked patient. Hypothermia is
normally defined as mild when core temperature is above 32°C,
moderate between 28 and 32°C, severe between 28 and 20°C
and profound when below 20°C. However, in the context of the
haemorrhaging victim of trauma, hypothermia is one of the
three components of the so-called ‘triad of death’, i.e. hypothermia, coagulopathy and acidosis (Mikhail 1999). Each component has an exacerbating effect on the other leading to a
downward spiral in the patient’s condition. In such circumstances, a core temperature of 35°C is a poor prognostic indicator and a temperature of 32°C or less has an associated 100%
mortality (McArthur 2006).

Late: days to weeks or months
There are a number of pathologies which may result in the
death of the patient in the days to weeks after the traumatic
incident (i.e. so-called ‘late’ complications). An overview of
such complications is presented here to allow the pathologist
to consider the approach to the autopsy and the necessity to
pre-plan to undertake a number of laboratory investigations
ranging from the use of frozen sections, histological examination, biochemical and microbiological tests which are required
to consider and diagnose these complications. In most cases,
many of the examinations may have been undertaken in life
whilst the patient was in hospital and thus a review of the clinical notes and tabulation of laboratory examinations findings in
the period of treatment should always be undertaken where
possible.

Emboli
A wide range of emboli may arise following trauma and, if
untreated, result in a fatal outcome. The speed of onset of signs
and symptoms will depend upon the type of embolus involved.

Air
Fatal air embolus as a sequelae to trauma is probably underdiagnosed in autopsy practice: firstly, due to the difficulty in
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making the diagnosis; and secondly, as the pathologist may be
distracted by the injury leading to the air gaining entrance to
the body, for example they may concentrate on a compound
head injury and fail to identify the presence of an associated
cardiac air embolus. With the expansion of the use of PMCT,
the presence of an air embolus is likely to become a more
readily recognised and diagnosed trauma associated pathology
(Saunders et al. 2010).
For an air embolus to form it requires three things. Firstly,
there must be an ingress point in a vessel, usually venous,
through which the air can enter the body. Secondly, there
must be a pressure difference allowing for the air to be drawn
into the body. Usually this occurs in injuries above the level
of the heart, which in a standing person is approximately
above the level of the nipples, but in a person lying down may
be to the diaphragm and below. The position of the victim
at the time of the infliction of the injury is thus important
to know, as is the position they were placed in during any
medical care or scene evacuation, for example in the back of an
ambulance or helicopter. The third requirement is that of circulation. With all three in place, air can be drawn into the body
and taken to the heart where it can accumulate on the rightsided chambers and pulmonary arterial tree forming an ‘airlock’
which in turn stops the circulation and results in collapse and
death.
Death under such circumstances is usually quick, although
Knight informs us that a delay of up to 2 hours can occur
(Knight 1991). Arterial air embolus arising from pulmonary
lacerations, refilling of artificial pneumothorax or barotrauma
may result in death due to coronary artery or cerebrovascular
air embolus.
The volume of air required to cause death varies between
arterial (enough to cause an airlock in the coronary arteries)
and venous systems. Polson (1963) reported that between 10
and 480 mL was required within the right side of the heart to
prove fatal, whereas Knight (1991) suggests a lesser amount of
as little as 100 mL only may be required. As little as 2–3 mL may
prove fatal when present within the cerebral vessels and only
0.5–1.0 mL of air is reported to be required to enter the pulmonary veins and cause cardiac arrest by entering the coronary
arteries (Ho and Ling 1999). The exact volume required to enter
the right side of the heart to prove fatal remains unknown as
air will dissipate after death. Air will also form within the vasculature and the heart as one of the early postmortem changes.
This can be visualised on PMCT, particularly within the heart
and coronary arteries (Egger et al. 2012).
Three methods are described for the identification of an air
embolus at autopsy outside the use of radiology (Bajanowski
et al. 1998; Burton and Rutty 2010). All three are variants of the
same procedure where the dissection of the heart is undertaken
in such a manner as to preserve any air that is present within
the right side and then identify its presence either by observing
bubbles of air whilst opening the heart underwater or by aspirating the air for collection and analysis from the chambers of
the right side of the heart (Fig. 17.14).
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Fat embolus
In terms of onset following trauma, after air, fat embolus is the
second fastest embolic phenomenon to occur which may prove
fatal. Other types of emboli such as bone marrow, organ tissue
such as liver and brain as well as foreign bodies such as shotgun
pellets may occur sooner but are not considered as potentially
fatal here but rather a sign of an active circulation at the time
of occurrence of the injury.
The onset of dyspnoea, tachypnoea and confusion with or
without a rash, a few hours after trauma followed by collapse
should raise the possibility of fat embolus syndrome. A longer
onset, which may stretch to days, commonly up to 12, is also
reported. Samples from the lung as well as the brainstem, coronary arteries and kidneys should be retained at autopsy for
staining with a suitable fat stain as fat emboli not only accumulate within the pulmonary vascular tree but also can pass
through this into the arterial circulation to result in systemic
fat emboli. The use of PMCT needle biopsy procedures has

Figure 17.14 The presence of a cardiac air embolus is confirmed
by extraction of air from the right side of the heart by
withdrawing the air into a water-filled syringe following needle
puncture.

been described in the assessment of fat embolus (Filograna
et al. 2010).
The origin of the fat may be traumatic (i.e. mechanical or
physiological), due to biochemical alterations of shock and the
precipitation of plasma lipids in the form of fat droplets.
Although skeletal trauma will be the commonest source of fat
emboli, it may arise from trauma to fatty tissue or fat containing organs, for example fatty livers. Those with burns and
severe infection may also experience fat embolus.
After trauma, fat emboli may be merely a finding rather than
a potentially lethal complication. Those associated with burns
may in fact be postmortem in origin. An attempt to assess the
load of fat present can be attempted on lung frozen sections
using an oil red O stain. A number of grading systems have been
previously described. The one published by Mason (1968) uses
a 0–4 grading system with grade 4 (emboli in potentially fatal
numbers) being the highest on the system (Fig. 17.15).

Thromboembolus
Vascular thrombi form due to one or more of Virchow’s triad
being present (i.e. hypercoagulability, venous stasis or vascular
injury). The onset of complications of thrombosis is delayed
with respect to the trauma. Although thrombi may form within
any vessel, the commonest site for the formation is the deep
veins of the leg (i.e. deep vein thrombosis). Here, thrombosis
may present with the onset of calf pain, swelling and redness.
As the thrombus propagates, it may then detach and travel to
the pulmonary arterial tree to result in pulmonary thromboembolus, often abbreviated to ‘PE’ instead of ‘PTE’ which is
more correct. Pathologists and clinicians alike, however, should
restrain themselves from referring to a ‘PTE’ to indicate a pulmonary embolus because this is a wide-ranging term encompassing any form of embolus that is found within the lung.
Pulmonary thromboembolus is a commonly misdiagnosed
cause of death without autopsy. Even with the increased use of
PMCT and magnetic resonance imaging (MRI), PTE remains
misdiagnosed due to the difficulty in distinguishing true PTE
from postmortem clot on cross-sectional imaging. The clinical

(a)
Figure 17.15 Renal fat emboli stained with (a) haematoxylin and eosin, and (b) oil red O.

(b)
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presentation may vary from acute onset of chest pain to shortness of breath to sudden collapse and death.
The peak incidence for a lethal PTE is 2 weeks after the
trauma. An attempt should be made to date the deep vein
thrombosis and PTE by the examination of appropriate histological samples. This may be important in trying to establish
the age of the thrombus in relation to the traumatic incident.

Amniotic fluid embolus
Trauma to the pregnant uterus, for example in the form of
punches or kicks to the abdomen or a seatbelt injury to a rear
or front seated passenger of a vehicle, may result in the release
of amniotic fluid into the circulation and the onset of shock
and death. Diagnosis is made using either traditional histochemical or more modern immunohistochemical staining to
identify amniotic fluid components within the pulmonary vasculature (Marcus et al. 2005).

Lungs
The lungs can be damaged directly by blunt or sharp trauma
to the thorax, through blast trauma, through inhalation of
blood or gastric contents, or indirectly through complications
of injury to other organs such as the brain or systemic processes
such as sepsis and shock. Four different pathologies can arise
as follows.
Adult respiratory distress syndrome Clinically, adult respiratory distress syndrome (ARDS) manifests with dyspnoea, profound hypoxia, deceased lung compliance and diffuse bilateral
infiltrates on chest X-ray (Udobi et al. 2003). It has an associated mortality rate of 32–45%. At autopsy, the lungs are
increased in weight, classically retain their inflated shape and
have a so-called ‘dry oedema’ appearance to them. Microscopic
changes can occur as early as 18 hours after the insult. There is
then a progression through to the formation of hyaline membranes which can take up to 6 days (Rutty 2004). After 8 days
intra-alveolar organisation occurs with progression to obliterative fibrosis. Death may occur within 3 weeks of onset.
Respiratory lung This is similar to ARDS and occurs after
prolonged periods of artificial ventilation, usually of the order
of days to weeks in duration. It is thought to be caused by
volutrauma (i.e. overdistension of injured and normal alveoli).
Alveolar overdistension is believed to degrade surfactant,
disrupt epithelial and endothelial cell barriers, and increase
cytokines and inflammatory cells in the lungs. Elevated pressures also contribute to hydrostatic flooding of the alveoli
(Dreyfuss and Saumon 1998). At autopsy, the lungs are seen to
be stiff, heavy but not obviously oedematous. On microscopy
the alveoli contain protein rich fluid with a mixture of proliferative cells.
Neurogenic pulmonary oedema Following severe head
trauma fluid can accumulate within the alveoli and the inter-
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stitial tissues of the lungs. So-called ‘neurogenic pulmonary
oedema’ is not associated with hypervolaemia, cardiac or pulmonary disorders. Two mechanisms have been suggested for its
formation. The first is a haemodynamic mechanism where
intense pulmonary vasoconstriction resulting from an adrenergic response to the cerebral insult results in increased pulmonary hydrostatic pressure. The second is increased capillary
permeability which is followed by an inflammatory response
with associated increase in capillary permeability. The resulting
congestion, alveolar haemorrhage and protein rich exudate
results in structural damage and altered lung function (Baumann
et al. 2007).
Pneumonia The sedated or immobile post-trauma patient is
at risk of developing bacterial pneumonia which may occur
months to years after the initial event. Thus a person, for
example who is rendered quadriplegic following a road traffic
incident, may die a year later from infective pneumonia. As long
as the chain of events can be traced back to the initial injury
then the event can be considered to be the basic cause that
ultimately leads to the death (Knight 1991).
The other type of pneumonia to occur in association with
trauma is that of aspiration pneumonia. This occurs when
oropharyngeal or gastric contents are inhaled into the trachea
or lower respiratory tract and is an infective process where the
bacteria present within the oropharyngeal contents result in
pneumonia. Aspiration pneumonitis or Mendelson’s syndrome
is a distinct entity caused by a chemical injury resulting from
the inhalation of sterile gastric contents into the lower respiratory tract. The onset is faster than that of aspiration pneumonia
with the first phase of the reaction to the presence of gastric
contents within the lung peaking within 1–2 hours of inhalation (Marik 2011).

Infection
Infection is the commonest late complication of injury leading
to death. The risk of infection is increased by therapeutic procedures used in the treatment of trauma, for example indwelling catheters, drains or central lines. The removal of an injured
spleen increases the risk of infection from bacteria and viral
pathogens.

Sepsis, systemic inflammatory response
syndrome and compensatory anti-inflammatory
response syndrome
There are two types of systemic inflammatory responses that
can occur following trauma: sepsis or septic shock and systemic
inflammatory response syndrome (SIRS) (Tsokos 2006; Lenz
et al. 2007). Sepsis is associated with an infection caused by a
bacterial, viral, parasitic or protozoan organism whereas SIRS
may arise from an infectious or non-infectious condition. SIRS
is clinically defined by the presence of two or more of defined
clinical criteria as follows:

228

Body temperature
Heart rate
Respiratory rate
White blood cell count
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>38 or <36°C
>90 beats/min
>20 beats/min or
PaCO2 < 32 mmHg
>12 000 or <4000 mm−3 or >10%
band forms

Both sepsis and SIRS can result in isolated or multiorgan failure
and death, with sepsis accounting for 50% mortality despite
modern intensive therapy care.
In relation to the cause of SIRS, following trauma there
is a surge in the stress hormone response mediated by the
hypothalamic–pituitary–adrenal axis which leads to the catecholamine stress response. An overly vigorous pro-inflammatory,
hyperinflammatory host defence response may lead to SIRS
with organ injury due to uncontrolled immune activation
(Lenz et al. 2007).
Compensatory anti-inflammatory response syndrome or
CARS is a hypoinflammatory response to trauma which can
lead to post-traumatic immunosuppression (Keel and Trentz
2005). This in turn results in an increased susceptibility to
infection and systemic septic complications.

Multiorgan dysfunction
An imbalance between SIRS and CARS has been suggested
as a cause for multiorgan dysfunction syndrome (MODS) also
known as multiorgan failure (MOF). Endothelial cell damage,
dysfunction of vascular permeability, capillary leakage, microcirculatory disturbances with cellular hypoxia, parenchymal
cell apoptosis and necrosis are all involved in the pathophysiology underlying MODS (Keel and Trentz 2005).
MODS is split into primary (early) and secondary (late)
types. Examples of primary MODS are cerebral oedema of head
injury or ARDS of thoracic injury. The clinical presentation of
secondary MODS are dependent upon the organ system
affected and are scored using two clinical scoring systems: the
Goris score for multiorgan failure or the Marshall score for
MODS. The sequential organ failure score (SOFA) can be used
to describe the dysfunction of seven systems (i.e. respiratory,
cardiovascular, renal, hepatic, gastrointestinal, haematological,
central nervous system). These scores are used to assess injured
patients at risk of death (Keel and Trentz 2005).

Necrotising fasciitis
Necrotising fasciitis is an infection of the fascia planes. It has
been reported to result in death, usually about 4 days posttrauma, following both sharp force and blunt trauma (Rutty
and Busuttil 2000). It can affect virtually any part of the body
with the affected part typically going black in colour. Apart
from the local infection and necrosis, there can be an associated
toxaemia or septicaemia, hence postmortem blood cultures
may be negative for the causative organism.

Miscellaneous complications of trauma
Finally, there are a number of local and systemic pathologies
that can arise as late complications of trauma which can lead
to the death of the patient, either on their own or as part of
multisystem failure. These include compartment syndrome,
disseminated intravascular coagulopathy (DIC), physiological
stress ulcers of the gastric and duodenal mucosa which may
lead to fatal gastrointestinal haemorrhage, and acute renal
failure due to the presence of acute tubular necrosis.

17.2 Sepsis and multiple
organ failure
Michael Tsokos

17.2.1 Sepsis
Human sepsis is a spectrum of pathophysiological changes in
the host system resulting from a generalised activation and
systemic expression of the host’s inflammatory pathways in
response to infection. Normally, pro-inflammatory mediators
such as tumour necrosis factor-α (TNF-α), interleukin-1
(IL-1), IL-6 and IL-8 are released in response to infection or
injury and/or ischaemia, to eliminate pathogens and to promote
wound healing. This response is then downregulated by the
release of anti-inflammatory mediators (e.g. IL-1 receptor
antagonist (IL-1ra)), IL-10), resulting in the restoration of
homeostasis. In sepsis, however, local defence mechanisms are
insufficient to eliminate the infectious agent and overstimulation of the host’s immune effector cells occurs. This overwhelming systemic pro-inflammatory reaction is frequently
followed by an overactive compensatory anti-inflammatory
mediator release. The severity of sepsis is proportional to the
intensity of the host’s immune and metabolic response to infection. When the balance between pro- and anti-inflammatory
response is lost, immunological imbalance and massive systemic inflammation results (Adrie and Pinsky 2000).
Sepsis occurs in approximately 1% of all hospital inpatients
and accounts for between 20% and 30% of intensive care unit
admissions. Despite modern techniques of resuscitation and
organ support, septic shock continues to have a mortality rate
of approximately 50%.

Definitions and terms
Systemic inflammatory response syndrome
The term sepsis, in popular usage, implies a clinical response
arising from infection. However, it is apparent that a similar, or
even identical, deleterious generalised systemic inflammatory
reaction can arise in the absence of infection in response
to a variety of life-threatening clinical conditions (e.g. major
trauma, burns, extensive surgical procedures, protracted haemorrhagic or cardiac shock or pancreatitis) (Bone 1996; Weigand
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Initial event

Initial event

(e.g. trauma, burn injury,
haemorrhage,
pancreatitis, cardiac shock)

(e.g. decubitus, i.v. drug
abuse, surgery, infected
catheter, prosthesis
or other medicinal devices)

No underlying infection

Infection

SIRS

SEPSIS

Isolated organ failure

Multiple organ failure

Recovery

Death

Figure 17.16 Possible reaction patterns of the host response
after an initial event leading to injury and/or infection. SIRS,
systemic inflammatory response syndrome.

et al. 2004). Figure 17.16 shows the possible reaction patterns
of the host response after an initial event leading to injury and/
or infection.

Sepsis, severe sepsis and septic shock
The condition of SIRS can have either a non-infectious or
infectious origin. When triggered by infection, the term ‘sepsis’
is used. Infection leading to sepsis may be bacterial, fungal,
parasitic, protozoan or viral in origin.
Sepsis and other critical illnesses produce a biphasic inflammatory (immunological, hormonal and metabolic) response.
Sepsis, severe sepsis and septic shock represent the increasingly
severe stages of the same disease (Bone 1994). ‘Severe sepsis’ is
defined by a deterioration of organ function in the presence of
hypotension, organ dysfunction and hypoperfusion. The term
‘septic shock’ is reserved for severe sepsis with hypotension
despite fluid resuscitation and resultant perfusion abnormalities. The progression from sepsis to severe sepsis and to septic
shock is a continuum, reflecting the host’s inflammatory
response to infection. During this process, an increasing proportion of patients develop the ARDS, DIC, organ dysfunction
syndrome and multiple organ failure.

Pathology
The majority of pathoanatomical textbooks and manuals
devote little attention, if any, to pathomorphological organ
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alterations in sepsis. The is because the clinical pathologist is
hardly ever in the position to set up a primary diagnosis of
sepsis postmortem. A thorough microscopic examination and
toxicological analysis are necessary to rule out concomitant
diseases and/or intoxications, respectively, that may have contributed to fatal outcome in a given case.
Apart from septicopyaemic abscess formations in internal
organs, distinct pathomorphological alterations that can be
considered pathognomonic for an underlying septic condition
in the deceased do not exist. The overwhelming majority of
autopsy and microscopic findings in sepsis-related cell and
tissue injury, induced by germs or their products and mediated
by a broad cascade of endogenous inflammatory mediators, are
neither specific nor sensitive for sepsis and, as a result, lack
evidence when considered as isolated findings. Nevertheless,
the detection of diverse potentially sepsis-induced pathological
alterations by routine histological examination can be considered characteristic to a certain degree within the framework of
the entire case history and may, therefore, add relevant information to the postmortem elucidation of potentially sepsisrelated fatalities. However, many of the inflammatory organ
changes found in sepsis-related fatalities can also be demonstrated in a large proportion of clinical conditions going along
with SIRS or in individuals following prolonged ischaemia, thus
reflecting the unspecific reaction pattern of organs and tissues
to various endogenous and exogenous noxae.
Initiated by a variety of causes and triggered by endogenous
mediators, shock events can lead to hypoperfusion with subsequent hypoxia and accumulation of various metabolites resulting in the development of so-called ‘shock lesions’ that are not
specific for shock as they are found also in ischaemic episodes
of other causes with or without underlying SIRS.
As a consequence of DIC in sepsis, petechial or more
extended haemorrhages can be seen on the skin or on mucocutaneous surfaces and serous membranes or in parenchymal
organs by gross examination.
The internal organs may be both the focus of sepsis as well
as the target of sepsis-induced tissue alterations and it is important to distinguish between a primary infectious organ alteration (septic focus) and secondary lesions (septicopyaemic
abscesses) as a direct result of bacterial spread from the initial
focus on the one hand and tertiary organ alterations (unspecific
shock lesions, inflammatory changes in internal organs far away
from the initial focus) on the other; the latter initiated by a
variety of causes and triggered by a wide range of endogenous
mediators in the sequel of the systemic inflammatory cascade.

Selected organs
Lung
The morphological alterations of the lung in sepsis are a consequence of pathophysiological changes defined by the term
ARDS. At gross inspection, the lungs in ARDS usually appear
to be of a gloomy bluish-reddish colour and the cut surfaces of
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Figure 17.17 Microthrombosis adjacent to a pulmonary vessel
wall in a sepsis death.

Figure 17.19 Septicopyaemic abscess within the myocardium.

Heart
Sepsis leads to depression of myocardial function. This is attributable to a number of mechanisms including haemodynamic
alterations, development of myocardial ischaemia, changes in
coronary vascular tone and myocardial contraction rate as well
as release of myocardial depressant factor.
Septic shock is often especially associated with severe left
ventricular dysfunction. Therefore, in cases of septic shock, the
left ventricle is often dilatated at autopsy with the apex of the
heart appearing rounded and the ventricular wall having a
flaccid appearance (Müller-Höcker and Haerty 1993).
It was proposed that an interstitial myocarditis can be found
in nearly one-third of sepsis-related fatalities by histological
means (Fernandes et al. 1994). If present in the myocardium,
septicopyaemic abscesses (Fig. 17.19) are most often located in
subendocardial regions of the right ventricle (Tsokos 2005).
Figure 17.18 Leukocyte sticking of the lungs in septic shock,
showing engorgement of the pulmonary vessels and extensive
intravascular leukostasis.

the lungs are commonly wet. At microscopic examination,
especially in septic shock, there is often marked platelet aggregation with fibrin deposits in the pulmonary vessels (Fig.
17.17). The occurrence of microthromboses and megacaryocytes in the pulmonary microvasculature has been reported to
appear more frequently in septic shock than in shock of other
origin (Tsokos 2005, 2007).
The histological finding of pulmonary trapping of polymorphonuclear granulocytes (so-called ‘leucocyte sticking’; Fig.
17.18) reflected by vascular engorgement and extensive leukostasis, most often in the total absence of any interstitial or intraalveolar inflammatory reaction, is a striking phenomenon
usually seen more often in cases of rapidly fatal septic shock
than in sepsis with a prolonged clinical course.

Liver
Despite the still high incidence of cholecystitis, appendicitis and
diverticulitis (which are frequently sources of bacterial infection in the liver), pyaemic abscesses of the liver are a relatively
rare finding in developed countries.
Histologically, leukostasis of neutrophils in the liver sinusoids, formation of intrasinusoidal fibrin aggregations (Fig.
17.20) and intraparenchymal haemorrhages are more frequent
and more pronounced in septic than hypovolaemic or traumatic shock. However, liver cell necrosis, a common sequel of
prolonged hypovolaemic shock, is rarely seen in sepsis.
While neutrophils constitute only 1–2% of non-parenchymal
cells in the non-septic individual, a dramatic 10–20-fold
increase in neutrophils occurs within hours following the onset
of sepsis. Therefore, especially in acute septic shock, an extensive accumulation of neutrophils (leukostasis) in the liver sinu-
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Figure 17.20 Fibrin aggregations within the liver sinusoids in
sepsis.

soids is regarded as a characteristic histological finding (Dinges
et al. 1993).
A leukocytic infiltration of the acinocentral areas has been
described as an infrequent finding in the liver in sepsis (Caruana
et al. 1982). Cholestasis, occurring without demonstrable extrahepatic obstruction, is a common finding in the septic liver.

Spleen
In sepsis, the spleen is usually enlarged and swollen and the
capsule has a tense appearance and is easily accidently torn
open during evisceration. The cut surface shows a soft and
hyperaemic parenchyma with a reddish-greyish, sometimes
muddy-brownish appearance. At gross examination, the
pathologist’s attention should also focus on the splenic vein
since a septic thrombophlebitis of this vessel can cause pyelophlebetic liver abscesses that either spread through neighbouring tissue or via the haematogenous route.
The term ‘acute splenitis’ (‘septic spleen’) refers to a soft,
runny consistency of the splenic pulp draining from cut sections, histologically corresponding to an increased number of
neutrophils and macrophages. The concept of acute splenitis as
a postmortem marker of systemic infection is generally accepted
and, in this author’s experience (Tsokos), it is the most frequent
finding in sepsis-related fatalities, seen in >90% of cases.
Septicopyaemic abscesses of considerable size were a frequent finding in the pre-antibiotic era, but are rare now.
However, various exogenous or endogenous factors such as
inappropriate or lack of specific antibiotics, immunocompromise brought about by the severity of an underlying debilitating illness (e.g. malignant diseases, metabolic disorders or
immunodeficiency) or concomitant treatment with immunosuppressive agents prior to death may still show up with septicopyaemic abscesses in the spleen.
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Figure 17.21 Septicopyaemic microabscess in the brain.

Brain
At autopsy, cerebral infarction is a quite uncharacteristic finding
in sepsis-related fatalities, presenting in 17–26% of cases. Surprisingly, only a paucity of studies has dealt with the neuropathology of sepsis so far, coming to some discordant findings and
to variable incidences in similar lesions.
Histologically, a circumscribed loss of neurons in the hippocampus formation has been described in humans dying of
septic shock (Evans and Krausz 1994). However, this finding
simply reflects a protracted circulatory failure before death and
is therefore highly unspecific.
In a retrospective neuropathological study, 12 fatal cases of
encephalopathy associated with sepsis were investigated. The
facultative histomorphological features of septic encephalopathy were described as follows: cerebral infarcts (17%), brain
purpura and multiple small haemorrhages (17%), septicopyaemic microabscesses (67%) (Fig. 17.21), proliferation of astrocytes and microglia in the cerebral cortex (17%) and central
pontine myelinolysis (17%) (Jackson et al. 1985). Every forensic
pathologist will agree that these findings, apart from septicopyaemic abscesses, are highly unproductive for establishing the
postmortem diagnosis of sepsis. Proliferation of astrocytes and
microglial cells is a highly unspecific finding, which may reflect
various types of metabolic disorders including ischaemia.
Central pontine myelinolysis, a rare neurological disorder
defined by symmetrical demyelination in the central base of the
pons, is sporadically found in autopsy cases of alcoholism and
malnutrition.
Pendlebury et al. (1989) reviewed 2107 consecutive autopsies with neuropathological examination and identified 92 cases
with pathological evidence for infection involving the central
nervous system. Of these, 35 took the form of multiple microabscesses. An underlying sepsis was often present and the lungs

232

PART III   TRAUMATOLOGY AND VIOLENT DEATH

In DIC, microthrombi formation may present histologically
to a lesser or greater extent in capillaries, arteries and veins of
all sizes in each and every tissue and organ (Tsokos 2005, 2007).
The frequency of fibrin thrombi depends upon the time
between the onset of DIC and death. The postmortem finding
of intravascular microthrombi is more common in individuals
who died a few hours after the onset of septic shock than in
those who survived the onset of septic shock for days. Despite
the obvious clinical manifestation of DIC in the living patient,
fibrin thrombi may not be histologically detectable in all cases
as a result of postmortem fibrinolysis.

Selected organs
Lung
Figure 17.22 Massive haemorrhages of the adrenal gland in a
sepsis fatality.

were the most frequent site of primary infection with Staphylococcus aureus and Candida albicans being the most frequently
identified causative organisms (Pendlebury et al. 1989).

Adrenal gland
One of the most characteristic morphological findings in
sepsis-related deaths is unilateral or bilateral bleeding in the
adrenal cortex. Bleeding of the adrenals (Fig. 17.22) may vary
in size from tiny focal haemorrhages visible only at microscopy
up to total haemorrhagic infarction (‘adrenal apoplexy’) easily
detectable at gross examination. To this author’s experience
(Tsokos), adrenal haemorrhages are, in addition to acute splenitis, the most frequent finding in sepsis-related fatalities. Bilateral adrenal haemorrhage in conjunction with skin bleedings
due to DIC and meningitis is classically associated with
Waterhouse–Friderichsen syndrome (WFS), most commonly
secondary to meningococcal or pneumococcal sepsis.

17.2.2 Multiple organ failure
Initiated by a variety of causes and triggered by endogenous
mediators, shock events can lead to hypoperfusion with subsequent hypoxia and accumulation of various metabolites resulting in the development of so-called ‘shock lesions’ that are not
specific for shock as they are found also in ischaemic episodes
of other causes in multiple organ failure.

Pathology
As a consequence of DIC in multiple organ failure, petechial or
more extended haemorrhages can be seen on the skin or on
mucocutaneous surfaces and serous membranes or in parenchymal organs by gross examination.

The development of ARDS is relatively rare in pure hypovolaemic shock events without underlying infection or trauma. At
gross inspection, the lungs in ARDS usually appear to be a
gloomy bluish-reddish colour and the organ weight is increased
due to pulmonary oedema, congestion and pulmonary trapping of inflammatory cells. The cut surfaces of the lungs are
commonly wet due to accumulation of protein-rich oedema
fluid in the alveolar spaces and interstitial oedema, the amount
of muddy-greyish fluid draining from the cut sections being
highly dependant on the quantity of intravenous infusions
administered prior to death.

Heart
Subendocardial haemorrhages are a striking feature seen on
many occasions in forensic autopsy practice. Subendocardial
haemorrhages are frequently seen following haemorrhagic
shock, craniocerebral trauma, stroke, preceding resuscitation
efforts and intoxications. Subendocardial haemorrhages are
most exclusively limited to the endocardium of the left
ventricle.
Hypercontraction bands and contraction band necrosis (Fig.
17.23) as well as elongated and undulated cardiomyocytes,
often separated by a marked interstitial oedema (depending in
its extent to a certain degree on the amount of intravenous
infusions administered prior to death) are another characteristic but unspecific finding seen in multiple organ failure deaths.

Liver
At gross inspection, the liver in shock is enlarged showing a
tense Glisson’s capsule and rounded edges. The weight of the
liver is often increased in multiple organ failure due to both
interstitial oedema and accumulation of leukocytes.

Kidney
Gross pathology of the kidneys in shock and multiple organ
failure, respectively, includes bilateral swelling with tense cap-
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Figure 17.23 Myocardial contraction band necrosis in a case of
multiple organ failure.
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Figure 17.25 Acute tubular necrosis, showing dilated tubules
with flattened basophilic and vacuolar endothelium.

Figure 17.26 Shock lesions within the gastrointestinal mucosa,
with dot-shaped fresh haemorrhages.

Figure 17.24 Shock kidney.

sules and a pronounced, dark red (congested) medulla contrasting to the paleness of the cortex (Fig. 17.24).
Acute tubular necrosis is the most frequent form of parenchymal acute renal failure. Acute tubular necrosis showing up
as dilated tubules with flattened basophilic and vacuolar
endothelium (Fig. 17.25) may be induced by sepsis, ischaemiareperfusion and nephrotoxic drugs and is therefore frequently
encountered in various forensic autopsy cases.
In advanced stages of autolysis, the differentiation between
antemortem shock-induced kidney changes and pure postmor-

tem phenomena is usually not only difficult but often also
impossible.
As a consequence of DIC, microthrombi formation can be
detected in the glomerular capillaries in a large proportion of
cases. Another frequent, though unspecific finding is the intravascular accumulation of blood and bone marrow cells in the
vasa recta of the renal medulla, giving strong evidence of shock
prior to death.

Gastrointestinal tract
Subserous and submucous petechial haemorrhages, erosions
and acute ulcers visible with the naked eye at autopsy are the
most common shock lesions in the gastrointestinal tract seen
in multiple organ failure (Fig. 17.26). In addition, fibrin thrombi
may be seen histologically in smaller vessels of the bowel
mucosa and submucosa.
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Figure 17.27 Bleeding of the submucosa of the bowel in multiple
organ failure.

Skin
Bleeding of the skin is a clinically well-known manifestation of
DIC in the course of multiple organ failure with or without
sepsis (Fig. 17.27). Sometimes these bleedings appear in a discrete petechial pattern; occasionally they take the shape of
extensive, confluent haemorrhages.
In multiple organ failure death, almost exclusively associated
with liver failure, jaundice of the skin, sclerae and conjunctivae
observed at external examination, is also common.
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Vital Reactions and
Wound Age Estimation

Burkhard Madea, Wolfgang Grellner and Toshikazu Kondo

18.1 Vital reactions
Burkhard Madea
Vital reactions have been a main research topic of European
forensic medicine for a long time, and many famous forensic
pathologists have devoted important papers to this field. The
area of research ranges from macroscopically visible organ
reactions to tissue alterations (e.g. enzyme histochemistry, later
becoming immunohistochemistry with a wide range of enzymes
and other analytes) to biochemical responses to injury (e.g.
catecholamines in various body fluids).
Numerous European textbooks include large sections on
vital reactions. According to Bernhard Knight the ‘vital reaction’
is a dubiously valid phenomenon, mainly due to the fact that
death and dying is a process, not an event (Saukko and Knight
2004).
This section describes the basic concepts concerning vital
reactions which are of value in daily forensic practice and for
future research.
The question whether or not an injury was inflicted during
life is one of the most important subjects in forensic medicine.
As mentioned, because death and dying are processes and not
an event, the term ‘vital reaction’ may only constitute a dubiously valid phenomenon in the perimortal period. Any effects
in, at or by the body following trauma are named ‘vital reactions’, allowing the conclusion that trauma was really inflicted
during life. The term vital reaction can be subdivided into vital
reactions, vital processes and vital signs (Box 18.1).
Vital reactions are local reactions of tissues at the site of
damage. Contrary to this, vital processes are reactions involving
Handbook of Forensic Medicine, First Edition. Edited by Burkhard Madea.
© 2014 John Wiley & Sons, Ltd. Published 2014 by John Wiley & Sons, Ltd.

the whole organism and not only local cells and tissues. This
reaction of the organism requires function of the nervous, respiratory and cardiovascular systems.
Vital signs are findings which allow the conclusion to be
made about the vital origin of a trauma (e.g. bloodstain pattern
in the form of arterial blood spray, aspiration or swallowing of
blood). Local vital reactions at the site of trauma must be differentiated from systemic vital reactions of the great organ
systems (especially circulatory and respiratory systems; Box
18.2). In fatal injuries, the survival time after trauma is often
short, shorter than the manifestation time of local vital reactions at the site of injury. The manifestation of a local vital
reaction at the site of injury (e.g. immigration of polymorphnuclear leucocytes) requires some time. Systemic vital reactions, especially of the circulatory and respiratory systems,
develop very fast and are often the main proof of the vitality of
injuries. Several influencing factors on the time course of local
vital reactions are known (Box 18.3).

18.1.1 Circulation
Haemorrhages
Internal or external haemorrhages are seen in a variety of traumatic deaths. They are mainly due to lesions of arteries, veins
or capillaries. Diapedetic haemorrhages or haemorrhages due
to coagulation disorders are comparatively rare. Haemorrhages
due to lesions of arteries or veins are normally seen at the site
of trauma (Table 18.1). Capillary haemorrhages like petechial
haemorrhages or ecchymoses can also be seen distant from the
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Box 18.1 Definition by Orsos (1935).
Vital reactions
Local reactions of tissue at the site of damage
Vital processes
Reaction of the whole organism, not only cells and tissues are
damaged. This reaction of the organism requires function of the
nervous, respiratory and cardiovascular systems
Vital signs
Findings which allow a conclusion of vital origin (bloodstain
pattern in form of arterial blood spray; aspiration or swallowing
of blood)

Box 18.2 Vital reactions of different organ systems (systemic
vital reactions).
Circulatory system
Exsanguination/petechial haemorrhages/embolisms: air, fat,
tissue, bone marrow, foreign bodies (e.g. bullet fragments)
Respiratory system
• Aspiration (e.g. chyme, foreign bodies, blood, brain tissue,
soot, water or other fluids)
• Alveolar-capillary diffusion (e.g. gas; detection of gas in the
circulation)
• Emphysema acuta (e.g. emphysema aquosum seen in
drowning)
• Emphysema of the skin
Gastrointestinal tract
• Vomiting/swallowing
• Peristaltic transport of stomach contents
• Absorption/resorption of detectable substances
• Gastric mucosal erosions (e.g. Wischnewsky’s ulcers seen in
hypothermia)
Endocrine glands
Agonochemical stress reaction with increase of catecholamine
levels
Nervous system
Crow’s feet-like pattern/secretion of saliva and mucus

Box 18.3 Possible influencing factors on the time course of
local vital reactions after tissue damage.
Local factors
• Manner and intensity of trauma
• Severity and extension of the alteration
• Type of affected tissue
• Temperature
• Blood circulation (e.g. reduction of peripheral circulation
during shock)
General factors
• Hereditary factors, age, gender
• Nutritional status
• Additional diseases
• Endocrine influences
• Vegetative influences
• Metabolic disorders
Exogenous factors
• Pharmaceuticals
• Vital hypothermia/hyperthermia

• Distinguishing the type of pressure to the neck between
reflex death and manual or ligature strangulation.
Intensive subcutaneous haemorrhages may also be present in
postmortem trauma (Fig. 18.2), and considerable amounts of
blood may leak from wounds postmortem. However, exsanguination due to anaemia does not occur.
Exsanguination of a body due to anaemia of the internal
organs is always a vital reaction. Minor extent and intensity of
postmortem lividity, and anaemia of the body, the skin and
mucous membranes, together with subendocardial bleeding,
are typical findings of fatal haemorrhage. Further typical vital
haemorrhages are so-called ‘Simon haemorrhages’ which are
found over the lumbar spine in cases of typical hanging; haemorrhages of the tongue in long-lasting manual or ligature strangulation, congestion, cyanosis and petechial haemorrhages
above the ligature in atypical hanging and intramedullary
haemorrhage of the cervical spinal cord are due to contusion
of the neural tissue (Figs 18.3 and 18.4).

Embolism
site of injury (Fig. 18.1). Petechial haemorrhages are due to an
intravascular rise of pressure with an increasing transvascular
pressure gradient from the inside to the outside of the vessel.
The higher the intravascular pressure, the shorter the manifestation time of petechial haemorrhages. Petechial haemorrhages
are of great medicolegal significance regarding the following
questions:
• Vitality of injury (e.g. pressure to the neck).
• Was the compression of the neck life threatening?
• Priority of injuries (e.g. first pressure to the neck then stabbing or vice versa?).

Embolisms are due to spreading of bodily or exogenous substances through the blood stream. Embolism requires intact
circulatory function. Fat and thromboembolism are especially
significant in forensic science (Table 18.2 and Fig. 18.5).

Fat embolism
Fat embolism mostly originates from destroyed subcutaneous
fatty tissue as a direct result of trauma. Twenty to thirty grams
of fat can result in a fatal fat embolism. Causes of death are
either right heart failure due to blockage of pulmonary vessels
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Table 18.1 Vital reactions – haemorrhages. The degree of haemorrhage depends on the size of the injured vessel, the blood pressure and
the resistance to the blood that is streaming.
Phenomenon

Mechanism

Detection

Postmortem origin

Arterial/venous
haemorrhage

Lesions of vessels, blood extravasation corresponding
to the pressure drop intravasal/extravasal

Macroscopic

Yes

Capillary

Intracapillary pressure rise caused by congestion with
increase of the transvascular pressure gradient

Macroscopic

Yes

(a)

(b)

Figure 18.2 Postmortem subcutaneous haemorrhages due to
investigation of the idiomuscular pad, showing tram-like
haemorrhages up to 8 hours postmortem. Reproduced with
permission from Dotzauer (1958), © Dt Z Gerichtl Med.

nication between the amniotic cavity and the maternal venous
system. The histological diagnosis is based on the detection of
amniotic fluid components like skin particles, meconium,
lanugo hair and mucus in peripheral pulmonary vessels. Additionally, early shock alterations like platelet aggregates and
microthromboses can be found. The diagnosis can also be
made by immunohistochemical proof of cytokeratin in fetal
skin particles.

Cell and tissue embolisms
(c)
Figure 18.1 (a, b) Petechiae of the face, the eyelids and the
conjunctivae. (c) Petechiae of the mucosa of the larynx due to
thoracic compression.

or fat embolism of the brain. Fat embolism can always be identified histologically. A classic grading of pulmonary fat embolism was recommended by Falzi et al. (1964) (Table 18.3).

Amniotic fluid embolism
Amniotic fluid embolism is a rare but possibly lethal complication during pregnancy and birth. It is due to a direct commu-

Cell and tissue embolisms are often found after trauma with
injury (laceration) of internal organs with spreading of organ
and tissue parts via the blood stream into the lungs.

Air embolism
Routine X-ray examination reveals that air embolism is far
more common in medicolegal autopsies than generally
expected. In particular, this phenomenon is found in cases of
craniocerebral trauma with rupture of the sinus as site of air
entry. These cases are comparatively rarely seen today in cases
of illegal abortion but may occasionally occur as a result of
medical malpractice (e.g. neck surgery with opening of cervical
veins, high pressure infusion). Volumes of about 70 mL of air
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(a)

(c)

(b)

(d)

Figure 18.3 (a) Haemorrhages of the intervertebral discs (Simon’s haemorrhages) in a case of typical hanging. (b) Haemorrhages of the
tongue in a case of long-lasting ligature strangulation. (c) Haemorrhages of the cervical medulla due to a temporary cavity in an
extradural shot to the neck. (d) Cyanosis and swelling of the face, massive congestion and petechial haemorrhages in an atypical
hanging.

(a)

(b)

Figure 18.4 (a) Subendocardial haemorrhages in a case of bleeding to death. (b) Shock kidneys with pale cortex and sharp demarcation
to the renal medulla.

may cause immediate death due to air embolism. A characteristic autopsy finding is an acute dilatation of the right ventricle
with no or only some foamy blood seen in the ventricle. The
diagnosis of air embolism is made by chest X-rays taken routinely prior to autopsy or by a special autopsy technique with
opening of the right and left ventricle under water (technique
according to Richter 1905). In the case of air embolism, the

escaping air is either described with regard to volume, the duration of the escape and the volume of gas bubbles or the air being
analysed by gas chromatography. The presence of plenty of gas
in the right heart chamber in the absence of putrefaction is
considered a valid proof of air embolism. The discussion about
the importance of gas analytical findings for the detection of
air embolism has not yet been concluded; however, gas analysis
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Table 18.2 Vital reactions – embolisms.
Phenomenon

Mechanism

Detection

Postmortem origin

Embolism

Intact circulation

Thromboembolism

Coagulation, intact circulation

Macroscopic/histological

No

Bullet embolism

Entry of the projectile into the
vascular system, intact circulation

Macroscopic

No, or spread by resuscitation

Fat embolism

Traumatic migration of fat or fat
marrow into the circulatory system,
intact circulation

Histological

No differential diagnosis
non-traumatic fat embolism in
case of acute liver dystrophy

Air embolism

Intake of air/injection of air into the
vascular system, intact circulation

Radiological, test for air embolism
(Richter 1905), gas analysis

Putrefaction gas

Amniotic fluid
embolism

Entry of amniotic fluid into the venous
vascular system, intact circulation

Histological

No

Tissue embolism

Trauma of tissues with irruption into
the vascular system, intact
circulation

Macroscopic/histological

No

Bone marrow
embolism

Spreading of bone marrow, intact
circulation

Histological

Resuscitation

Table 18.3 Grading of fat embolism (FE). After Falzi et al. (1964).

Figure 18.5 Fulminant massive pulmonary thrombembolism.

will be necessary in the future in appropriate cases. A normal
composition of air at 760 mmHg (1013 hPa) and 15°C is the
reference for gas analytical findings in a body: nitrogen 78.1
vol.%, oxygen 20.9 vol.%, argon 0.9 vol.%, and other gases with
concentrations much less than 1 vol.%, for example carbon
dioxide 0.03 vol.%, hydrogen 0.00005 vol.%, methane 0.0002
vol.% and sulphur dioxide 0.0–0.0001 vol.%. Typical components of putrefactive gas are carbon dioxide and hydrogen, but
it could also contain methane and hydrogen sulphide.
Pedal et al. (1987) have recommended carbon dioxide concentrations of less than 15%, nitrogen concentrations higher

FE grade

Type of embolism

Localisation

0 = No FE

Punctiform

Possibly only rarely, not
in every visual field

1 = Mild FE

Drop-shaped

Rarely, in every visual
field

2 = Obvious FE

Lake-shaped or
sausage-shaped

Multiple, detectable in
every visual field

3 = Massive FE

Antler-shaped

Plentiful, everywhere, in
every visual field

than 70% and a ratio (carbon dioxide divided by nitrogen) of
less than 0.2 as reliable gas analytical criteria for a diagnosis of
air embolism. According to these authors, the measured
volumes, oxygen concentrations and the ratio of carbon dioxide
to oxygen do not show a distinct differentiation between air
embolism and putrefaction.

18.1.2 Respiration
Beside the circulatory system, vital reactions of the respiratory
system are also very important (e.g. for the differential diagnosis between live birth and stillbirth). Important vital reactions
of the respiratory system include acute pulmonary emphysema
and aspiration/inhalation (Figs 18.6 and 18.7). In cases of
neck compression, an increase in air flow resistance is observed.
This is characterised by an inspiratory stridor. Due to an
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(a)

(b)

Figure 18.6 (a) Massive pulmonary emphysema in a case of drowning. The margins of the lungs cover the mediastinum nearly totally
(sometimes even overlapping). (b) Massive pulmonary emphysema in a homicide by drowning with numerous subpleural haemorrhages.

(a)

(b)

Figure 18.7 (a, b) Floating of the lung and small intestine in a positive hydrostatic test where the infant’s survival time after birth was
more than 12 hours.

increase of PCO2 an acceleration and deepening of respiration
is noted leading to acute pulmonary emphysema, possibly also
due to interstitial emphysema. Acute pulmonary emphysema
is also found in cases of drowning. It loses its diagnostic value
in cases of resuscitation with artificial ventilation or with
putrefaction.

Aspiration/inhalation
Aspiration of liquids and solids is an important sign of vitality
in cases of aspiration of blood, soot, gastric contents and
drowning. Only inhalation into the deeper parts of the bronchial tree can prove vitality. Postmortem fluids might also flow
passively into the trachea and the main bronchi (Table 18.4).

Blood aspiration
Blood aspiration can be diagnosed by subpleural foci or on the
cut surfaces of the lung by a leopard skin-like pattern (Fig.
18.8). However, similar findings could be produced also postmortem by artificial ventilation with a respiration bag (Draeger)
after different amounts of blood were filled into the trachea.
The findings produced postmortem could not be differentiated

from vital blood aspiration. Inhaled blood and other aspirated
fluids are mixed with air during ventilation. Blood-coloured
foam or foamy fluid is formed in the airways and the oral cavity.
Drowned bodies show foam and froth protruding from the
mouth if the respiratory orifices are not below the water surface.
This froth and also blood-coloured foam originate from
a mixture of aspirated fluid, air and bronchial secretions
(Fig. 18.9).

Soot inhalation
Soot inhalation into finer trachea branches within the lungs
proves burning during life. In cases of severely burnt bodies
with opening of the trachea and the thoracic cavity, artificial
findings of soot may be found. Histologically, soot may be
found in the respiratory tract and the finest bronchi, often
combined with extensive mucous secretion. Soot particles
embedded in mucus are a proof of vitality. In cases of heat
inhalation, capillary and venous congestion with microhaemorrhages of the tracheal submucosa, elongation of cells and
nuclei, and mucosal oedema with ectasia of lymphatic vessels
may also be found. In cases of burning, inhalation of carbon
monoxide and hydrogen cyanide is further proof of vitality
(Fig. 18.10).
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Table 18.4 Vital reactions – aspiration/inhalation.
Phenomenon

Mechanism

Detection

Postmortem origin
In case of apnoea only by insufflation
(artificial ventilation)

Inhalation of gas/fluids, penetration of
liquids and solid particles into the
respiratory tract during inspiration
Blood aspiration

Bleeding penetrating into the
tracheobronchial system
Ventilation

Macroscopic/
histological

In case of apnoea only by insufflation/
artificial ventilation

Brain tissue aspiration

Head injury with basal skull
fracture
Ventilation

Macroscopic/
histological

Spontaneous

Soot

Soot production during fire/
smouldering fire
Ventilation

Macroscopic/
histological

If charring is extensive with charring
defects to the trachea and lungs
artificial findings are possible

Inhalation of hot gases

Inhalation of hot air/steam
Thermic mucous membrane
damage

Microscopic

In case of apnoea only by insufflation;
mucous membrane damage at least
partly possible postmortem

Fluids (drowning)

Submersion, originated in
water
Ventilation

Macroscopic

Penetrating also possible for corpuscular
components by hydrostatic pressure
(depending on water depth)

(a)

(b)

Figure 18.8 (a, b) Blood aspiration with a leopard skin-like pattern subpleurally and on the cut surface of the lung.

Figure 18.9 Froth extruding from the mouth and nose in a drowned person.
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(a)

(b)

Figure 18.10 Soot aspiration seen (a) macroscopically and (b) microscopically, together with mucous and epithelial hyperaemia of the
submucosal vessels due to inhalation trauma.

18.1.3 Digestion
Swallowing
Swallowing is defined as the voluntarily induced propulsory
reflectory peristaltic transport of fluid or food into the stomach.
Swallowing of blood, foreign objects, tissue components, teeth,
drowning fluid and soot occurs intravitally. However, drowning
fluid in the stomach alone is not evidence of drowning since
due to hydrostatic pressure water can get into the stomach even
postmortem. In cases of drowning, there is a typical separation
of the gastric content into three phases with a foamy phase on
top, a liquid phase in the middle and a solid phase at the bottom
(so-called Wydler’s sign). Mucosal tears of the gastric mucosa
caused by overexpansion of the stomach due to swallowed
drowning fluid or to emesis under water against resistance are
also vital reactions.
Like inhaled air, swallowed air is considered as vital sign in
newborns in the absence of putrefactive changes.

18.2 Wound age estimation: general
introduction and methods
Wolfgang Grellner
Vitality and wound healing or wound age estimation are phenomena which are closely related to each other, in particular
with regard to skin lesions. According to Oehmichen (1990),
there is overlapping in the early phase of repair processes following trauma: alterations within the first 30 minutes can be
regarded as both vital reactions and signs of wound healing.
Both phenomena are central issues in daily forensic work as
well as main research fields.
Wound age describes the time interval between the infliction
of an injury and the time of death. It can be considered as the
survival time of the individual following a physical injury.
Forensically relevant wound age periods can vary from minutes
to several months and even years. Concerning very short intervals, the issue of wound age is nearly identical with the issue of

vitality. The forensic pathologist can be confronted with the
estimation of wound age in association with murder, manslaughter, bodily harm with fatal consequences, (primarily survived) accidents and further constellations. Most of the research
results were gained by studying open wounds of the skin.
There is little information on the time-dependent alteration
of blunt force injuries. The most difficult question is to differentiate between wounds inflicted shortly before and shortly
after death. This coincides with processes in the late agonal
stage and the early supravital period. Generally, various influencing factors have to be considered in the time course of
wound healing which is comparable with inflammatory processes (Box 18.4).
The main questions for the forensic pathologist are as
follows:
• Was an injury caused during lifetime and not in the supravital or postmortem period (vitality)?
• How is it possible to differentiate between vital and (early)
postmortem induction?

Box 18.4 Factors influencing the time course of inflammation
or wound healing. After Helpap (1987).
Local factors
• Type and intensity of trauma
• Severity and extension of damage
• Type of tissue
• Temperature
• Circulation
Systemic factors
• Hereditary factors
• Age
• Sex
• Nutritional state
• Diseases
• Endocrinopathy
• Metabolic disturbances
Exogenous factors
Drugs
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• How long was the survival time after the infliction of the
injury (wound age estimation)?

18.2.1 Methods
In most cases, postmortem tissue samples are available for
investigation purposes (skin or organ lesions). Therefore, for a
long time morphologically orientated techniques have been the
methods of first choice and are still mainly used:
• Routine histology with paraffin embedding of tissue samples
and staining with haematoxylin-eosin (H&E). This method
allows a rough differentiation of cell types and tissue structures. Immigrating granulocytes, macrophages or fibroblasts
can frequently and easily be detected. For a special differentiation of substructures (e.g. connective tissue, haemosiderophages), there are a variety of further staining methods
(e.g. elastic van Gieson stain (EVG), Prussian blue stain).
• Enzyme histochemical methods detect enzymes of fibroblasts at their location in the tissue section (e.g. esterase, acid
phosphatase, adenosine triphosphatase (ATPase)). Formerly,
they were used to define wounds with an age of about several
hours. However, the methods proved to be too unreliable
and showed a high rate of negative cases even after intervals
of hours. Therefore, they did not find large dissemination
and now seem to be obsolete.
• Immunohistochemistry is the method of choice in modern
investigations in vitality and wound age. This method serves
for the identification of special substructures within tissues
(antigen–antibody reaction) and has to be modified according to individual issues. As a first step, it must be checked
whether or not an antibody can be used on formalin-fixed
and paraffin-embedded tissue sections, or if native frozen
material is required. A further critical step is the dilution of
antibodies and reagents which usually must be tested (the
recommended dilution is often not suitable). Numerous
parameters have been tested with respect to their timedependent appearance in wound repair (extract in Table
18.5). Most of these factors are expressed within days after
traumatisation. Modern markers such as cytokines cover the
time span of minutes to hours.
Apart from morphological methods, numerous attempts
were made to establish biochemical methods, in particular for
the evaluation of vitality (time intervals up to approximately
30 minutes). Such quantitative analyses can be performed in
wound fluids or tissue extracts of wounds. Modern techniques
are frequently based on immunological tests such as enzymelinked immunosorbent assay (ELISA). Due to considerable
methodological efforts and high standard deviations of results,
biochemical techniques have so far failed to achieve an essential
break through.
Whereas the methods discussed so far serve for the detection
of vitality and wound markers on the protein level, it is also
possible to analyse the earlier stages of a reaction on the mRNA
level. For this purpose, there are morphological methods such

Table 18.5 Examples of wound age estimation by
immunohistochemical methods in human skin lesions.

Antigen/marker

Earliest
Detection

Regular
detection or
marked
reaction

TGF-β1
TGF-α

Minutes
c. 10 min

30–60 min
30–60 min

Longest
detection

Fibronectin

c. 10–20 min

>4 h

IL-1β
IL-6
TNF-α

15 min
20 min
15 min

30–60 min
60–90 min
60–90 min

ICAM-1
VCAM-1
E-selectin
L-selectin

50 min
30 min
30 min
30 min

>2 h
>1.5 h
>1–1.5 h
>1.5 h

Tenascin

2–3 days

From 5 days

Months

Collagen III

2–3 days

From 6 days

Months

Collagen V

3 days

From 6–7 days

Months

Collagen VI

3 days

From 6–7 days

Months

Collagen I

4–6 days

From 7 days

Months

Months

Myofibroblasts
Laminin
HSPG
Collagen IV
Smooth muscle
cell actin

c. 1.5 days
c. 1.5 days
4 days
5 days

Months
Months
Months
Months

7 days
11 days
12 days

Months
Months
Months

Marker of
macrophages
RM 3/1
25 F 9
G 16/1

Epithelial basal
membrane
Fragments
(laminin, HSPG,
collagen IV,
collagen VII)
Complete
restitution

4 days

From 13 days

8 days

From 21 days

13 days

From 23 days

c. 21 days

Keratin 5
Complete
staining of
basal layer

HSPG, heparan sulphate proteoglycan; ICAM, intercellular adhesion
molecule; IL, interleukin; TGF, transforming growth factor; TNF, tumour
necrosis factor; VCAM, vascular cell adhesion molecule.
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as in situ hybridisation and molecular biological techniques
such as reverse transcriptase polymerase chain reaction (RTPCR) (review in Kondo and Ishida 2010).
For special investigations (with modern markers), it is frequently necessary and also useful to collect not only wound
material but also reference tissue from comparable (e.g. contralateral) uninjured regions.
Selection of the appropriate method depends on the aims
and the experience of the investigator (Table 18.6). In many
cases, the scientific knowledge is available; however, it is not
transferred to daily casework due to technical or financial
reasons.

18.2.2 Results and interpretation
Histological and immunohistochemical studies can be evaluated qualitatively, semi-quantitatively or quantitatively:
• Qualitative detection means the presence or absence of
special features or markers.
• Semi-quantitative detection requires a scale for the (relative)
intensity of a histological phenomenon or an immunohistochemical staining. For example, the distribution of posi-

Table 18.6 Methodology for studying vitality and wound age
estimation.
Level

Method

Cellular structures

Routine histology
Special staining methods

Protein/antigen

Immunohistochemistry
Quantitative biochemical methods

mRNA

In situ hybridisation
Reverse transcriptase polymerase chain
reaction (RT-PCR)

(a)

tive epidermal cells can be assessed semi-quantitatively in
separate epidermal layers based on per cent ranges (e.g.
<10%, 10–25%, 25–50%, >50%). The degree of reactivity
of other histological structures (e.g. corium, vessels, sweat
glands, subepidermal cells) may be classified as negative,
slightly positive, moderately positive or strongly positive.
• Quantitative studies include cell counts or counts of special
signals, mainly in the sense of counts per microscopic visual
field. For example, 10 or 15 fields are counted and then the
average value is calculated for one field.
Biochemical studies must strictly follow the test protocol for
the appropriate marker. The above-mentioned ELISA requires
standard solutions with known concentrations and establishment of a standard curve. Statistical evaluation completes the
biochemical (and morphological) analyses.
It is not possible to present all results of wound age estimation published so far in this chapter. By means of the relatively
simple routine histology (H&E and additional standard stainings) the following basic phenomena can be assessed:
• Detection of (first) neutrophil granulocytes (c. 20–30
minutes) (Fig. 18.11).
• Increase of granulocytes and macrophages (hours) (Fig.
18.12).
• Detection of haemosiderophages (3 days) (Figs 18.13 and
18.14).
A typical survey of further results with the help of modern
immunohistochemistry is shown in Table 18.5.
It is a characteristic feature of wound age estimation that –
in comparison to literature data from experimental studies –
only a minimum wound age can be determined (earliest
detection of a marker with a special method). It is mostly not
possible to give time intervals or maximum time spans. Furthermore, it must be remembered that many results in literature data are based on cell culture or animal experiments. A
critical evaluation of such data is necessary. The highest reliability can usually be expected from studies with human autopsy
material.

(b)

Figure 18.11 (a) Haematoma of the scalp with a wound age of many hours, showing infiltration of neutrophil granulocytes (H&E, 200×).
(b) Haematoma of the scalp with a wound age of many hours, showing infiltration of neutrophil granulocytes (naphthol AS-D
chloroacetate (N-AS-D-Cl) esterase, 200×).

(a)

(b)

Figure 18.12 (a) Haematoma of the scalp with a wound age of many hours, showing infiltration of macrophages (immunohistochemistry
with CD68, 200×). (b) Haematoma of the temporal muscle with a wound age of many hours to several days, showing infiltration of
neutrophil granulocytes (N-AS-D-Cl acetate esterase, 200×).

(a)

(b)

Figure 18.13 (a) Haematoma of the temporal muscle with a wound age of many hours to several days, showing infiltration of
macrophages (immunohistochemistry with CD68, 200×). (b) Haematoma of the anterior thorax with a wound age of at least 3 days,
showing infiltration of haemosiderophages (Prussian blue, 200×).

(a)

(b)

(c)

(d)

Figure 18.14 (a) Soft tissue between the ribs, showing granulation tissue in an older injury (H&E, 100×). (b) Soft tissue between
fractured ribs in an older injury, showing granulation tissue mixed with fresh haematoma due to a blunt force injury (H&E, 100×).
(c) Soft tissue between fractured ribs in an older injury with granulation tissue and infiltration of haemosiderophages (Prussian blue,
200×). (d) Soft tissue between fractured ribs in an older injury with cell-rich scar tissue (H&E, 100×).
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18.3 Wound age estimation:
molecular biology
Toshikazu Kondo
In forensic practice, wound age examination is one of the most
important matters. When lots of wounds are found in an
autopsy case, forensic pathologists have to determine the causal
relationship between the cause of death and those wounds.
Subsequently, forensic pathologists are always required to estimate how long before each injury was inflicted, and to judge
which injury directly related to the death. This is called ‘wound
age estimation’, a classical but still modern and indispensable
topic. Wound age estimation is closely associated with skin
wound healing. Skin wound healing starts immediately after
injury and consists of three phases: inflammation, proliferation
and maturation. These phases proceed with complicated but
well-organised interaction between various tissues and cells.
During the inflammatory phase, platelet aggregation at the
injury site is followed by infiltration of leukocytes such as neutrophils, macrophages and T lymphocytes into the wound site.
In the proliferative phase, re-epithelialisation and newly formed
granulation tissue begin to cover the wound area to complete
tissue repair. Angiogenesis is indispensable for sustaining granulation tissue. These histopathological consequences are evaluated as local vital reactions.
In molecular pathology, the cell–cell interaction through
bioactive molecules is an essential event during skin wound
healing. Leukocyte recruitment and activation are regulated by
adhesion molecules, inflammatory cytokines and chemokines,
and the proliferation of granulation tissues with neovascularisation is well controlled by growth factors and extracellular
matrices. Unfortunately, conventional histological and histochemical methods are not able to detect these molecules. Thus,
immunohistochemical techniques opened a new field of wound
age estimation.

18.3.1 Molecular biology of skin
wound healing
Inflammation
Disruption of the epidermal cells releases prestored inflammatory cytokines such as interleukin 1 (IL-1) and tumour necrosis
factor α (TNF-α) from keratinocytes. After the extravasation
of blood constituents, the resulting clot induces haemostasis
and provides a matrix for the influx of inflammatory cells.
Platelets also secrete growth factors and chemokines. These
substances promote the recruitment of inflammatory leukocytes to the site of injury. Infiltrating neutrophils remove contaminating bacteria. Subsequently, monocytes are differentiated
to macrophages, and recruited at the injured sites. Macrophages
play an important role in augmenting the inflammatory
response and tissue debridement.

Re-epithelialisation, granulation tissue
formation and neovascularisation
Within hours of injury, the release of epidermal growth factor
(EGF), transforming growth factor (TGF)-α and fibroblast
growth factor (FGF) act to stimulate epithelial cell migration
and proliferation, resulting in the start of re-epithelialisation.
Upon completeness of wound closure, keratinocytes undergo
stratification and differentiation to restore the barrier. The formation of granulation tissue and angiogenesis starts at the
wound space approximately 4 days after injury. Macrophages
not only augment inflammatory responses but also secrete angiogenic growth factors such as vascular endothelial growth
factor (VEGF) and FGF. Neovascularisation is essential for the
synthesis, deposition and organisation of a new extracellular
matrix (ECM). Under the guidance of TGF-β and plateletderived growth factor (PDGF), fibroblasts are phenotypically
converted into myofibroblasts expressing α-smooth muscle
actin (α-SMA).

Tissue remodelling
Frameworks of collagen and elastin fibres replace the granulation tissue, followed by saturation with proteoglycans and
glycoproteins. This is followed by tissue remodelling involving
the synthesis of new collagen mediated by TGF-β. Collagen
remodelling is dependent on continued synthesis and catabolism of collagen by several macrophage-derived matrix
metalloproteinases.

18.3.2 Markers for wound age estimation
Adhesion molecules
The accumulation of leukocytes such as neutrophils and macrophages at the injured sites is a hallmark in the inflammatory
phase of skin wound healing. In the initial step of leukocyte
migration, adherence of leukocytes to endothelial cells through
adhesion molecules is the most important event, implying
that adhesion molecule are sensitive markers for wound age
estimation (Dreßler et al. 1997, 1999a, 1999b). Actually, the
strong immunopositive reaction for P-selectin can be observed
a few minutes at the earliest and 7 hours at the latest. The
immunoreactivity of intercellular adhesion molecule (ICAM)
1, vascular endothelial adhesion molecule (VCAM) 1 and
E-selectin can be detected 1–3 hours at the earliest after injury
(Table 18.7).

Cytokines and chemokines
Cytokines have many biological functions in the immune,
central nervous, endocrine and haematopoietic systems. Proinflammatory cytokines such as IL-1, IL-6 and TNF-α contribute
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Table 18.7 Adhesion molecules.

Table 18.8 Cytokines, growth factors and stress protein.

Markers

Earliest

Latest

Markers

Positive ratio

Wound age

P-selectin

A few min

7h

IL-1α

>30%

4 h to 1 day

E-selectin

1h

17 days

IL-8

>50%

1–4 days

ICAM-1

1.5 h

3.5 days

MCP-1

>30%

1–7 days

VCAM-1

3h

3.5 days

MIP-1α

>40%

1–9 days

VEGF

>50%

7–14 days

Ubiquitin

>30%

7–21 days

ORP-150

>40%

7–21 days

COX-2

>50%

8 h to 2 days

ICAM, intercellular adhesion molecule; VCAM, vascular endothelial adhesion.

to the promotion of inflammatory reactions. Additionally,
cytokines that act towards leukocytes as chemoattractants are
called chemokines. These pro-inflammatory cytokines and
chemokines were upregulated at both protein and mRNA levels
at the injury sites, implying that they could become useful
markers for wound age estimation (Kondo and Ohshima 1996;
Mori et al. 2002; Lin et al. 2003; Ishida et al. 2004, 2006, 2008a).
Several groups including ourselves have investigated the expression of these cytokines and chemokines in human skin wounds
with known different ages. IL-1α-positive infiltrating cells such
as neutrophils, macrophages and fibroblasts could be detected
immunohistochemically. As shown in Table 18.8, a ratio of
IL-1α-positive cells considerably exceeding 30% indicates a
wound age ranging from 4 hours to 1 day (Kondo et al. 1999).
Our immunohistochemical study suggested that chemokines
such as IL-8/CXC chemokine ligand (CXCL) 8, monocyte chemoattractant protein (MCP)-1/CC chemokine ligand (CCL) 2
and macrophage inflammatory protein (MIP)-1α/CCL3 are
also possibly useful as markers of wound age estimation (Table
18.8). In particular, a ratio of >50% for IL-8 indicates a wound
age of 1–4 days. A ratio of >30% for MCP-1 or >40% for MIP1α could be detected in skin wounds with a wound age of at
least 1 day (Kondo et al. 2002a).

Growth factors
During skin wound healing, several growth factors are involved
in angiogenesis and granulation tissue formation in the proliferative phase. VEGF and bFGF are potent angiogenic growth
factors. The time-dependent expression of both VEGF and
bFGF was found in a murine skin wound model, suggesting
that these growth factors can become useful markers for wound
age estimation (Takamiya et al. 2002, 2003). Actually, VEGF was
expressed on macrophages and myofibroblasts in human skin
wounds, and VEGF-positive ratios of >50% possibly indicated
a wound age of 7–21 days (Table 18.8) (Hayashi et al. 2004).
TGF-α promotes the proliferation of epidermal cells. TGF-β1
is produced by macrophages, fibroblasts, keratinocytes and
platelets. TGF-β1 helps initiate granulation tissue formation by
increasing the expression of genes associated with ECM formation including fibronectin, the fibronectin receptor, collagen
and protease inhibitors. Both TGF-α and TGF-β1 expression
was enhanced within the first hour after an injury, suggesting

COX, cyclo-oxygenase; IL, interleukin; MCP, monocyte chemoattractant
protein; MIP, macrophage inflammatory protein; ORP, oxygen-regulated
protein; VEGF, vascular endothelial growth factor.

that they can be used in the estimation of wound vitality and
wound age (Grellner et al. 2005).

Stress proteins
Ubiquitin (Ub) is a highly conserved protein with a molecular
weight of 8500 and is present in all eukaryotes. Ub is a member
of the heat shock protein family, which is rapidly induced by
various types of stimuli such as hyperthermia, chemical or
mechanical stress. Ub is also available as a marker for wound
age estimation. Ub-positive ratios, considerably exceeding 30%,
possibly indicate a wound age of 7–14 days (Kondo et al. 2002b)
(Table 18.8). Moreover, oxygen-regulated protein 150 (ORP150), a molecular chaperone, can modulate the intracellular
transport of VEGF from the endoplasmic reticulum to the
Golgi apparatus, eventually contributing to wound healing.
Actually, an ORP-150-positive ratio of more than 40% possibly
indicates a wound age of 7 days or more (Ishida et al. 2008b)
The combined examination of ORP-150 and VEGF may be
more reliable for wound age estimation.

Cyclo-oxygenase
Prostaglandin E2 (PGE2) and prostaglandin I2 (PGI2) are
known to be pro-inflammatory mediators. Cyclo-oxygenase
(COX), the key enzyme, is required for the conversion of arachidonic acid to prostaglandins. Two COX enzymes, COX-1
and COX-2, are responsible for the production of prostaglandin H2 (PGH2), the first step in prostanoid biosynthesis.
Although COX-1 is constitutively expressed under physiological conditions, COX-2 is enhanced under inflammatory conditions. With regard to the practical applicability with forensic
safety, COX-2-positive ratios, considerably exceeding a ratio of
50%, indicate a wound age of 8 hours to 2 days. Collectively,
COX-2 would be a useful marker for the estimation of early
wound age (Ishida et al. 2012b) (Table 18.8).
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Table 18.9 Extracellular matrix.
Markers

Earliest

Routine

Latest

Collagen III

2–3 days

6 days

Months

Collagen V

3 days

6 days

Months

Collagen VI

3 days

6 days

Months

Collagen I

5 days

6 days

Months

Laminin in myofibroblast

1.5 days

6 days

Months

HSPG in myofibroblast

1.5 days

–

Months

Fibronectin

10–20 min

4h

Months

HSPG, heparin sulphate proteoglycan.

Collagens and fibronectin
During the proliferative phase of skin wound healing, several
different types of collagens are de novo synthesised in order to
replace necrotic tissue and to rebuild skin structure. Betz and
colleagues (Betz et al. 1992b, 1992c, 1993a, 1993b) performed
a series of immunohistochemical studies on several types of
collagens in human skin wound samples with various wound
ages. In accordance with different wound age, the typical morphological findings of strongly staining network-like structures
associated with fibroblasts for each collagen subtype were
closely related with different wound ages: collagen III: about
2–3 days; collagen V and VI: >3 days; and collagen I: >5 days.
Moreover, basement membrane components such as collagens
IV and VII, laminin and heparan sulphate proteoglycan, are
useful for wound age estimation (Table 18.9).
Fibronectin, a multifunctional cell adhesion protein, can
support the adhesion and migration of fibroblasts, keratinocytes and endothelial cells (Hayashi et al. 2004). Fibronectin is
presumed to be the most sensitive marker for wound age estimation, as evidenced by immunopositive reaction for fibronectin detected in wound samples aged a few minutes (Betz et al.
1992a) (Table 18.9). However, fibronectin positive reaction
might be found in postmortem incised wounds of porcine skin
like vital wounds (Grellner et al. 1998). Practically, forensic
pathologists should pay more attention to the evaluation of
fibronectin immunoreactions.

Bone marrow derived cells and
skin wound healing
Bone marrow derived stem cells/progenitor cells are essentially
involved in tissue repair including skin wound healing. Fibrocytes, a new population of bone marrow derived progenitor
cells, expressed both leukocyte (CD45, CD13) and mesenchymal antigens (collagen I, fibronectin). Fibrocytes have potential
for the differentiation of myofibroblasts, playing a crucial role
in fibrosis and wound healing. In unwounded specimens,
CD45+/Col I+ fibrocytes are not detected. A dual-positive
fibrocytes were initially detected in skin wounds with a postin-

fliction interval of 4 days, and their number increased in lesions
with more advanced wound age. A fibrocyte number of over 15
strongly suggests a wound age of 9–14 days (Ishida et al. 2009).
Peripheral blood of adults contains bone marrow derived
cells with properties for endothelial differentiation. They are
termed endothelial progenitor (precursor) cells (EPCs). EPCs
are positive for certain cell surface markers, such as CD133,
CD34 and low concentrations of VEGF receptor-2 (VEGFR-2).
EPCs can participate in angiogenesis in ischaemic and damaged
tissues. The author (Kondo) and team preliminary examined
the appearance of EPCs in murine skin wound healing (Ishida
et al. 2012a). EPCs first appear at 2 days after the injury (our
unpublished data). It is proposed that the detection of EPC
could give significant information for wound age estimation.

18.3.3 Application of reverse transcriptase
polymerase chain reaction analysis
Forensic pathologists consider that the detection of mRNA is
inappropriate in forensic autopsy samples, because of mRNA
degradation with an increase of postmortem interval. However,
reverse transcriptase polymerase chain reaction (RT-PCR)
analyses can detect mRNA of certain molecules in forensic
autopsy samples with early postmortem intervals. After incision
in mice, local IL-6 mRNA level peaked at 6 hours, while the
peak levels of mRNA for IL-1α, IL-1β and TNF-α occurred
between 48 and 72 hours (Sato and Ohshima 2000). In contrast,
IL-10 is one of the anti-inflammatory cytokines; IL-10 mRNA
started to increase at 15 minutes, indicating that IL-10 is the
most sensitive cytokine (Ohshima and Sato 1998).
In another group, the expression of IL-1β mRNA showed
that significant increase occurred at <0.5 hours, and the peak
level at 2 hours. Expression was almost normalised at 2 days.
But for COX-2 and MCP-1 mRNA, the significant increase
occurred at 1 hour for COX-2 mRNA, and at 3 hours for MCP-1
mRNA (Bai et al. 2008). Expression peak levels were at 3 and 5
hours, and were almost normalised at 3 and 7 days. In the same
molecule, there is discrepancy in the expression pattern between
protein and gene expression. The PCR method exponentially
amplifies the minute gene expression, which would be more
sensitive, compared with immunohistochemical and immunochemical approaches.
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Mechanical Trauma and
Classification of Wounds

Burkhard Madea, Stefan Pollak, Annette Thierauf,
Christoph Meissner, Manfred Oehmichen and
Peter Mygind Leth

19.1 Classification of violence
Burkhard Madea
In the area of forensic medicine several types of wounds
are differentiated according to their origin: blunt force injury,
sharp force injury, gunshot wounds, strangulation, injuries
due to heat and coldness (Table 19.1, Figs 19.1–19.9). Different
sorts of trauma cause characteristic patterns of injury and
it is often the task of the forensic pathologist to reconstruct
the causal mechanism of the injury based on the wound
pattern. A detailed description of wounds includes: the size
and exact localisation of injuries (not just on the skull, but
where on the skull – above or below the hat brim line, at
the vertex, at the front or at the occiput, etc.) and, of course,
a precise description of the single injuries concerning, for
example:
• Length.
• Size.
• Diameter.
• Wound morphology (wound edges, wound surface, wound
angle, adaptable wound or any tissue defects).
• Discolouration (haematomas: colour, demarcation from the
surrounding tissue).
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Furthermore, the wound morphology should be compared
with the case history to consider whether injury findings and
the described causes of events are consistent. This is an important task, especially in cases of, for example, child abuse.
Primary causes of death due to mechanical violence include
the following:
• Destruction of vital organs (brain, spinal cord, lungs, heart).
• Mechanical handicaps in the functioning of vital organs.
• Bleeding to death.
• Embolism (air embolism, fat embolism).
• Suffocation.
Mechanical destruction of the vital organs occurs, for
example, in cases of multiple trauma caused by traffic accidents,
falls from a height or railway accidents. Mechanical handicaps
in the functioning of vital organs are, for example, intracranial
haematomas (epidural or subdural haematomas), bilateral
pneumothorax (e.g. multiple rip fractures with collapse of the
lungs), thoracic compression (Perthes’ thoracic compression)
and pericardiac tamponade.
In cases where the victim survives the primary trauma,
typical secondary causes of death may be:
• Infections (wound infections, sepsis).
• Embolism.
• Circulatory shock (haemorrhagic or traumatic shock).
• Burn injuries.

Table 19.1 Different types of external violence, wounds and
trauma.
Type of injury
causing death

Subdivision

Mechanical trauma

Blunt force/sharp force: stab wounds,
incised wounds, shot wounds, shotgun
wounds, bruising

Suffocation

Strangulation (hanging, ligature
strangulation, manual strangulation),
smothering, choking, mechanical
asphyxia, oxygen deficiency in the
air, drowning

Deprivation of food
and fluids

Starvation/dehydration

Abnormal low or
high
temperatures

Hyperthermia (fire death, inhalation
injuries, scalding burns, chemical
burns), hypothermia

Barotrauma

Low pressure (Caisson’s disease), high
pressure (high altitude disease)

Electrical injury

Natural electricity (lightning), technical
electricity (electrocution)

Radiation

Electromagnetic and corpuscular
radiation

Poisoning

Organic/anorganic substances

(a)

Figure 19.1 Different types of injury (blunt force injury, stab
wounds, shot wounds, arrow wounds) from an early 16th century
book of surgery by Hans von Gersdorf (Feldbuch der
Wundartzeney, Straßburg 1528).

(b)

(d)

(c)

(e)

Figure 19.2 Different types of blunt force injury: (a) abrasions; (b) patterned intradermal bruising caused by kicking with profiled shoe
sole; (c, d) lacerations; and (e) subcutaneous haematoma of the chest.
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(a)

(b)

(c)

(d)

(e)

Figure 19.3 Sharp force injuries: (a, b, c) stab wounds; (d) postmortem incised wound of the neck; and (e) suicidal incised wounds of
the forearm and wrist.

(a)

(b)

(c)

Figure 19.4 Semi-sharp force injuries: (a) amputation of fingers by pincers; (b) propeller injury by a boat propeller; and (c) decapitation
by a train.
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(a)

(b)

(c)

(d)

(e)

Figure 19.5 Gunshot entrance wounds: (a) with massive sooting; (b) with tiny burns from prepellant flakes; (c, d) contact wounds with
muscle marks; and (e) entrance wound with abrasion but no grease staining (shot through clothing).

(a)
Figure 19.6 (a, b, c) Frost erythema due to hypothermia.

(b)

(c)

(a)

(b)

(c)

(d)

(e)

Figure 19.7 Injuries due to heat: (a, b) peeling of the epidermis due to scalding; (c) soot deposits on the skin; (d) postmortem shrinking
of the skin; and (e) third degree burns, which were survived for some days.

(a)

(b)

(d)

(c)

(e)

Figure 19.8 Electrical injuries with electrical marks, electrical blisters and burns (a, b, c, e) and drying of the skin in a case of death by
lightning (d).
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(a)

(b)

(c)

(d)

Figure 19.9 Strangulation marks: (a, b) manual and ligature strangulation; and (c, d) strangulation marks.

19.2 Blunt force injury
Stefan Pollak and Annette Thierauf
Blunt trauma is often contrasted with penetrating trauma, in
which an object such as a knife or a bullet enters the body. The
term itself is used to describe physical damage due to mechanical force applied either by the impact of a moving blunt object
or by the movement of the body against a hard surface. These
mechanisms result in the transfer of kinetic energy with consecutive tissue deformation and injury (mainly by compression,
traction, torsion and shear stresses). In addition, inertial forces
due to rapid acceleration or deceleration may act on the body.
Blunt force injuries occur in criminal assaults (e.g. blows
with a blunt or edged implement, punch or kick), physical child
abuse, traffic and industrial accidents, suicides (e.g. a jump
from a height, intentional railway collision) or accidental falls.

19.2.1 Blunt injuries to the integument
Abrasions
Abrasions are superficial injuries to the skin characterised by
traumatic removal, detachment or destruction of the epider-

mis, mostly caused by friction and/or pressure. In so-called
tangential or brush abrasions, a lateral rubbing action scrapes
off the superficial layers of the skin (e.g. if the body slides across
a rough surface) and leaves a denuded corium, which is initially
covered with serosanguineous fluid. In fresh grazes, the direction of impact can often be determined by abraded epidermal
shreds, which remain attached to the end of the scrape. Later,
the tissue fluid dries out and forms a brownish scab. If the
lesion does not reach the dermis, it heals within several days
without scarring. Infliction just before or after death results in
a leathery (‘parchment-like’) appearance with yellowish-brown,
reddish-brown or dark-brown discoloration (Fig. 19.10). When
investigating dead bodies, it should be borne in mind that abrasions are easily overlooked as long as the epidermis-free areas
have not changed their initially pink colour due to drying.
Another type of abrasion is caused by a vertical impact to
the skin (so-called pressure or crushing abrasion). In such
cases, the injuring object may be reflected by the shape of the
skin injury, so that the patterned abrasion can be regarded as
an imprint of the causative object, often depicting edges or
protruding parts. Examples would be: excoriations inflicted
with a bunch of keys, a pistol grip or an externally threaded
tube, a fall onto a metal grid or a blow against skin covered with
a ribbed textile. Although this list is necessarily incomplete,
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(a)
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(b)

Figure 19.10 (a) Dark-brown discoloration of a premortal excoriation with whitish shreds of epidermis indicating the direction of impact.
Note the additional presence of bruises. (b) Brush abrasion with black particles from the asphalt surface rubbed into the skin on sliding
along the road. The denuded corium shows reddish-brown discoloration from drying.

most excoriations do not have a characteristic shape. The location of an abrasion always indicates the site of contact or
impact. If the skin was affected before death, the resulting
injury often consists of both an abrasion and a concomitant
bruise (compare with Fig. 19.10a).
Photogrammetry can be used to obtain a three-dimensional
image of an abrasion and to compare the data with an object
that may have caused the injury. Photogrammetry supplies
reliable evidence even if the images are analysed later and is
not only suitable to assess abrasions, but also for the morphometrical classification of patterned contusions. Another new
method for an exact three-dimensional documentation of
curved wound surfaces is structured light three-dimensional
scanning.
Fingernail scratches constitute a special group of abrasions
and are particularly often found in sexual offences and attacks
to the neck; they can be seen both on the victims and the
offenders, if the victims defended themselves. Depending on
the intensity of the abrading traumatisation, the appearance of
such lesions may range from superficial reddening of the skin
via shallow excoriations to deep, bleeding skin lesions extending down to the corium (Fig. 19.11). Terminal epidermal tags
indicating the direction of fingernail movement are easily lost
and thus seen relatively seldom in surviving victims. Typical
features of fingernail scratches are parallel abrasions (if two or
more fingernails were raked across the skin simultaneously) of
roughly equal width along their course, whereas, for example,
handcuffs leave linear much thinner train track like marks on
the wrists.
Under certain circumstances, the form and location of
abrasions may be indicative of a special trauma, for example,

crescent-shaped fingernail marks and/or scratches in manual
strangulation; strip-like, linear excoriations with subsequent
parching in cases of hanging and ligature strangulation; seat
belt marks in vehicle occupants after head-on collisions; or
human bite marks (typically showing two semicircular bows
with their concavities facing each other). In contact shots, the
muzzle imprint is a patterned pressure abrasion reflecting the
contours of the barrel end and other constructional parts situated near the muzzle (e.g. foresight, bolt spring rod).

Contusions
Contusions or bruises are extravasations of blood within the
soft tissues originating from ruptured vessels as a result of blunt
trauma (mostly caused by squeezing, but sometimes also by
suction). In this context, only the contusions that are visible
externally are considered. Textbooks usually differentiate
between intradermal and subcutaneous bruises. In the first category, the haemorrhage is located directly under the epidermis,
i.e. in the corium. This kind of superficial haematoma is usually
sharply defined and red, whereas the more common bruises of
the deeper subcutaneous layer have blurred edges and, at least
initially, a bluish-purple colour. Blood localised in the subcutis
appears blue on the surface due to scattering processes in the
dermis, as the blue wavelengths of the light are scattered (and
thus reflected) to a greater extent than the red wavelengths. In
practice, haematomas are often ‘mixed’ (i.e. they are composed
of intra- and subcutaneous portions) (Fig. 19.12).
In light-skinned individuals, intradermal bruises may reflect
the surface configuration of the impacting object. The skin
squeezed into grooves will show intradermal bleeding, whereas
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s.c.
(a)

(b)
Figure 19.11 (a) Fingernail abrasion on the lateral neck of a
33-year-old man who committed rape-homicide 6 days before.
(b) A partially healed injury caused by the victim in self-defence.

the areas exposed to the elevated parts remain pale. Especially
in falls from a height, in physical abuse or in traffic accidents,
the texture of the clothing may produce a pattern of intradermal bruises corresponding to the weaving structure of a
garment (Fig. 19.13a) or the chain links of jewellery (Fig.
19.13b). Patterned extravasations of this type are also seen in
tire tread marks, if an individual is run over by a wheel (Fig.
19.14), and in bruises from vertical stamping with the ribbed
sole of a shoe (Fig. 19.15). Also, the coarse knitting pattern of
a glove worn by the offender may be reflected as regularly
arranged intradermal haemorrhages after a blow to the face.
High pressure exercised on a piece of underwear may cause
intradermal bleeding congruent with the gaps of the textile
material. After a strangulation act, patterned intracutaneous
haemorrhages may indicate that a similarly structured piece of
clothing or a necklace had been interposed between the throttling hand and the victim’s neck (see Fig. 19.13b).

Figure 19.12 Mixed bruise consisting of intradermal (arrows) and
subcutaneous (s.c.) haemorrhages. View from above (upper half
of the image) and cut section (lower half).

Some further causes for the formation of defined intradermal haematomas should also be mentioned: blows with a
twisted clothesline or a rug beater causing negative imprints of
the impacting object on the skin; kick with the knee to the
cheek of a victim resulting in strip-like bruises reflecting the
depressions between the ribs of cord trousers; and impact of
the facial skin against a floor tile with a grooved profile.
Groups of punctiform blood extravasations in the corium
do not only occur as a result of vertical pressure exercised by
objects with a profiled surface but also in tangential abrasions
(e.g. the edge of a screwdriver sliding across the skin, scratches
from fingernails and so-called ‘coin-rubbing’). The cause of
such intradermal haemorrhages is the rupture of vessels due to
shearing forces in the papillary layer of the dermis.
Groups of punctiform haemorrhages in the corium can also
develop after the skin is exposed to negative pressure: typical
examples for this phenomenon are sucking kisses on the neck
(so-called ‘love bites’, mostly associated with subcutaneous haematomas) and ‘cupping’.
Reactive reddening of the skin due to local mechanical irritation is often accompanied by punctiform, intracutaneous
haemorrhages. In the presence of additional structural tissue
changes such as patchy haematomas, post-traumatic redness of
the skin, can be detected as late as 3 days after the incident.
Petechial extravasations of blood due to congestion in cases
of manual and/or ligature strangulation or traumatic asphyxia
are discussed elsewhere (see Chapter 21).
Subcutaneous bruises are usually non-patterned. Under
favourable conditions, subcutaneous haematomas may show
characteristic features allowing conclusions as to the circumstances of the injury, although – contrary to intracutaneous
haematomas – no detailed and exact reproduction can be
expected. However, in many cases general statements as to the
character of the causative implement are possible (such as that
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(b)

Figure 19.13 (a) Patterned intradermal haemorrhages in the left shoulder region of a 49-year-old man who had been kicked. (b)
Intracutaneous haemorrhages reflecting the links of the necklace, which was interposed during manual strangulation 1 day before
(25-year-old woman).

(a)

(b)

Figure 19.14 (a) A 3-year-old child with tread marks on the right side of the head and neck after being run over by a car. Patterned
intradermal bruises (arrows) depicting the grooved face of the tyre (b).

caused by a seat belt in Fig. 19.16). A classical example for this
type of injury is the tram-like haematoma resulting from a blow
with a rod, a stick, a broom-handle, a pool cue or another
elongated instrument.
In retrospect, it seems remarkable that this distinctive injury
pattern was described by Walcher as late as 1932. At the end of
his paper entitled ‘On the local effect of blows with sticks, rods
and similar objects with special emphasis on the presence of

two track-like lines of hemorrhage’ the author wrote: ‘As this
phenomenon has been ignored in the literature so far, it seems
justified to address this issue’. Since then, the parallel tram-like
haematoma with an undamaged zone in between caused by a
blow with a rod-like object is discussed in detail in every forensic textbook and atlas.
Streak-like subcutaneous haematomas are most significant
in child abuse (see Chapter 37). They are commonest where

262

PART III   TRAUMATOLOGY AND VIOLENT DEATH

(a)

(b)

Figure 19.17 Tram-like contusion (a) from a blow with an electric
cable forming an open noose (b).

(a)

(b)

Figure 19.15 Left side of the face (a) showing both a
subcutaneous haematoma (lower lid) and a patterned
intradermal haemorrhage (zygomatic region) caused by a kick
with the ribbed sole of a shoe (b).

Figure 19.18 Grip marks on the medial aspects of the upper
arms in a 35-year-old woman killed during physical abuse.

Figure 19.16 Anterior aspect of the trunk after removal of the
skin at autopsy. Band-shaped subcutaneous haematomas along
the course of the seat belt (37-year-old front-seat passenger
injured in a head-on collision).

rods, sticks, baseball bats, and so on (i.e. objects with a round
profile) were used, although the spectrum of potential tools is
much wider and ranges from belts to ropes and electric cables
(Fig. 19.17). Because of their flexibility, the latter objects are
often used as an open noose to deal a blow. In this context,
blows with a rigid implement cannot only produce parallel
streaks, but – on curved parts of the body – also oval haematomas to be distinguished from bite marks of similar
configuration.
Some authors emphasise another special form of subcutaneous haematoma, namely the roundish bruises with a diameter
of about 1–1.5 cm caused by local fingertip pressure (Fig.
19.18). These ‘fingertip bruises’ or ‘sixpenny bruises’ are often
seen in victims of child abuse and sexual assault. Apart from
the roundish shape and minor size, grouped arrangement may
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indicate vigorous gripping or holding. Sites of predilection are
the medial aspects of the upper arms where this form of haematoma may develop in elderly and helpless persons also as a
result of normal manipulations such as manually supporting
or handling patients.
Human bites produce bruises forming two opposing arches
(from the upper and lower jaw) with a pale centre; often the
haematomas are combined with abrasions and/or lacerations,
which may sometimes reflect individual teeth characteristics.
Human bites are typically found in sexual assaults and child
abuse. Of differential diagnostic significance are the love bites
mentioned above, especially as these haematomas are preferably located on the neck and can be mistaken for throttling
marks.
Distinctively shaped haematomas suggest that the injury was
caused by an object having a similar appearance. This statement
has to be qualified, however, as primarily uncharacteristic haematomas may undergo structuring later after being compressed
over a prolonged period of time. Under such circumstances,
pale areas or differences in intensity may develop within the
skin discolorations, for example after tying or applying a tight
bandage.
Victims of blunt force violence often sustain contusions
from self-defence, typically located on the ulnar aspects of the
forearms and the back of the hands (Fig. 19.19).
A peri-orbital haematoma (‘black eye’) is induced either
directly or indirectly as follows:
1. The most common cause is a direct blunt impact to the
orbital region (e.g. by a fist blow or kick). Quite often, the
contused skin is abraded and/or torn in the region of a
bony support. The bleeding can also originate from adjacent injured structures (e.g. fracture of the nasal bone).

(a)

2. A second mechanism is that blood seeps down from a soft
tissue lesion in the forehead to the loose tissue of the eyelids
due to gravity (Fig. 19.20a).
3. As a third alternative, a fracture of the base of the skull in
the region of the thin orbital roofs is to be taken into consideration (Fig. 19.20b, c).
Depending on the causative mechanisms of formation, the
time elapsing between traumatisation and manifestation of the
discoloration differs: after direct blunt impact, haematomas in
the eyelids develop almost instantly. In fractures of the orbital
roofs, haematomas in the eyelids are seen within 30 minutes
after the trauma. If the haemorrhage originates from an injury

Figure 19.19 Defence injuries on the hands of a 23-year-old
woman killed by multiple blows with a hammer.

(b)

(c)

Figure 19.20 (a) Laceration above the right eyebrow with concomitant bruising of the upper lid (33-year-old man who had fallen to the
ground under the influence of drugs and alcohol). (b) Laceration of the left frontotemporal region with peri-orbital haematoma due to
fractures of the orbital roof (c) in a 79-year-old woman who had fallen down the stairs.
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to the soft tissue of the forehead, it takes at least 4 hours before
discoloration of the eyelids occurs. Subcutaneous haematomas
can shift or spread due to gravitation not only in the area of
the forehead and orbita, but also in other regions with loose
subcutaneous fatty tissue.
In darkly pigmented individuals, contusions are sometimes
invisible to the naked eye. In such cases, the use of infrared light
sources can be helpful for diagnosing subcutaneous blood
extravasations. Diaphanoscopy (also called transillumination)
is another means to determine the presence of bruises which
otherwise would remain undetected. When light is passed vertically through the skin from a halogen lamp, a lucent zone
appears around it whose diameter is narrower above a medium
with a higher optical density (e.g. a subcutaneous haematoma).
The examination is performed in a dark room with a small
flashlight.
In contrast to this, ultraviolet photography is not suitable to
show dermal or subcutaneous haemorrhages, as the ultraviolet
radiation is largely absorbed or reflected in the epidermis
already, thus photographically ‘extinguishing’ tattoos and haematomas. However, ultraviolet photography is excellently suited
to document bite marks, even if the bite injury itself has already
healed.
In general, bruises are regarded as a sign of vitality indicating
that the contusion was inflicted prior to death. During life, the
blood from ruptured vessels is forced into the soft tissue by
active extravasation. Nevertheless, to a limited extent postmortem formation of contusions is possible due to passive ooze of
blood. In surviving victims, a deep bruise may not become
apparent on the skin until several hours or even days later
because of the slow percolation of free blood from the original
site to superficial tissue layers.
In a living/surviving person, the contusion undergoes a
temporal series of colour changes usually proceeding from
the periphery towards the centre. Initially, most subcutaneous
bruises appear purple-blue. As the haematoma resolves during
the healing process, the haemoglobin released from the red
blood cells is chemically degraded into other pigments such as
haemosiderin, biliverdin and bilirubin. The colour changes –
usually in the course of several days – to green and yellow before
it finally disappears (Fig. 19.21). However, the rate of change is
quite variable and depends on numerous additional factors,
above all the extent of the bruise.
Sharp or vague demarcation of the haematoma discoloration against the surrounding skin is no reliable criterion for the
age of the lesion. Fresh subcutaneous haematomas appear often
blurred through the overlying layers at first, the more so as they
are frequently accompanied by local oedema in the first few
days, which makes optical demarcation from intact skin all the
more difficult. Thus, haematomas may show more pronounced
contours and stronger colours after a few days than in the initial
phase. Then, as the haematoma is absorbed and blanches, the
margins become vague again (‘diffuse’).
The statements contained in textbooks with regard to agedependent colour changes of (subcutaneous) haematomas

Figure 19.21 A 47-year-old victim of domestic violence (blows
and kicks) inflicted 2 days before. The haematomas are already
turning yellow in the marginal parts.

must be taken with caution. In view of the numerous variables
(e.g. intensity of impacting force, vascularisation of affected
tissue, vulnerability of local blood vessels, tissue density, volume
of extravasation, individual structural differences), some
authors even advise against macroscopical age determination
by means of the colour quality:
1. Based on their own studies, Langlois and Gresham (1991)
arrived at the conclusion that yellow is found only in haematomas with an injury age of more than 18 h. Younger
people developed a yellow discoloration sooner than
persons over 65 years of age.
2. In three of 30 subjects with artificial haematomas, TutschBauer et al. (1981) found yellowish portions on the periphery already on day 1; on day 7, yellow was present in 93%
of the subjects. Around day 4, many of the subjects showed
the colours blue, green, brown and yellow simultaneously
and on that day the haematomas also reached their
maximum extension.
In 1970, Lins and Hamper already recorded reflectance
curves of artificial bruises and analysed the changes in colour
in relation to time. They demonstrated that the discolorations
in the orange-yellow and bluish-green range observed in haematomas slowly regressed within 4–6 days (as the bruised skin
areas macroscopically blanched).
Klein et al. (1995) measured reflectance using an ophthalmospectrometer in the spectral range of 430–700 nm in artificial bruises caused under standard conditions and in spectacle
haematomas. At wavelength 580 nm (yellow), spectacle haematomas with an age difference of more than 2 days could be
differentiated. A comparison of the reflectance behaviour over
time showed an increase in reflectance in the spectral range
of 540–580 nm (green/yellow) correlating with the observed
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Figure 19.22 Avulsion of skin and subcutis (closed décollement)
on the lateral aspect of the left lower leg in a 73-year-old cyclist
hit by a car. The blood-filled pocket was exposed by a vertical
incision.

blanching of the haematoma. The authors found that the
reflectance curve was not only dependent on the age of the
haematoma, but also on its intensity and the pigmentation of
the skin.
The size of an intradermal or subcutaneous haematoma is
not always indicative of the intensity of the force applied to the
affected area. Elderly people or patients suffering from bleeding
diathesis may get bruises from slight knocks or for other minor
reasons. However, absence of an externally visible injury does
not necessarily mean that there was no relevant trauma. Subcutaneous bruises of surviving victims are often followed by
gravity shifting of the haemorrhage leading to a secondary
downward movement and enlargement of the haematoma.
A special type of blunt injury to the soft tissues is frequently
seen in pedestrians who were struck or run over by motor
vehicles. Both the skin and the subcutaneous layer may be
avulsed from the underlying fascia or bones by shearing forces
so that a blood-filled pocket is formed, typically in combination
with crush damage to the adjoining fatty tissue (Fig. 19.22).

Lacerations
Apart from excoriations and haematomas, lacerations are one
of the most important sequelae of blunt traumatisation of the
body surface. Lacerations are tears of the skin or of internal
organs (see below). They may be caused by blows from blunt
objects (such as a hammer, a whipped pistol, a rod, a toe-cap
of heavy footwear or a fist); other lacerations are produced by
impact from vehicles or by a fall to the ground. Lacerations
occur most commonly in body regions where the integument
directly overlies a firm bony base acting as support (e.g. the
scalp, face, back of the hand, shins and elbows). When the force
acts on the skin, the subcutaneous tissue is squeezed between

265

the injuring object and the bony platform so that the integument is compressed and crushed until it tears and splits
sideways.
Differentiation of a laceration from a cut wound is not
always easy. Lacerations with nearly cut-like, smooth wound
edges can be caused by the impact of an edged structure, the
more so as the transition from blunt to cutting edges is fluent.
Generally, lacerations are diagnosed with the help of the following criteria:
1. The edges of the tears are typically irregular and ragged
(Fig. 19.23).
2. The wound margins are crushed and bruised usually
showing at least a narrow zone of abrasion.
3. Bridging tissue strands (vessels, nerves and fibres) may run
from side to side of the wound (especially near the wound
corners).
4. Even if the soft tissues are completely severed, the underlying bone does not show any sharp indentation.
5. In lacerations, the head hair remains usually intact, whereas
it is often cut through if the wound is inflicted with a
cutting object or a sharp-edged heavy weapon.
6. Sometimes foreign material is deposited in the wound slit
and helps to reveal the causative object.
The wound slits may be linear (especially in blows with a
narrow and edged instrument), Y-shaped or star-like. Semicircular or crescent-shaped tears of the scalp are produced by
blows with an edged instrument having a round contour such
as the flat end of some hammers. If the impacting object hits
the skin at an oblique angle, one of the edges will be ripped
away resulting in unilateral undermining (undercutting, avulsion), which indicates the direction of the force. The abrasion
surrounding the tear may correspond to the shape and dimensions of the impacting blunt instrument or – in the case of a
fall to the ground – the area of contact.
Janssen (1963) pointed out that the straight part of a linear
laceration may correlate with the edge length of the object used.
Already in 1938, Werkgartner had developed a subtle method
to analyse lacerations and emphasised the significance of the
impact marks left by the edges of the tool. Wound slits caused
by the direct pressure of an edge are mostly associated with a
narrow line of abrasion on the margins. Alternatively, any
extensions radiating from the ends are not caused by direct
pressure of the hitting edge, but by a wedge-like effect.
If the flat face of a blunt weapon impacts with the whole
surface, the resulting laceration is typically irregular or stellate
and accompanied by wide excoriations; straight and rectangular demarcations of the concomitant abrasion allow conclusions as to the size and contours of the striking surface. If the
impacting object hits the skin at an oblique angle, one of the
margins is not only crushed by the impacting edge, but also
undermined.
In lacerations from implements with a rectangular or square
surface, the morphology varies depending on how the object
impacts: with one edge, with a corner or vertically; this latter
case produces a stellate laceration with an extensive abrasion

266

PART III   TRAUMATOLOGY AND VIOLENT DEATH

(a)

(b)

Figure 19.23 (a) Laceration above the left eyebrow in a 22-year-old victim of a traffic accident (driver of a motor scooter, collision
with an obstacle beside the road). The surrounding skin is abraded and parched reddish-brown. (b) Lacerations in a 50-year-old man
who had suffered kicks to the mouth.

reflecting the shape and size of the hitting surface. Blows
with a rod-like object such as a metal tube typically cause
straight lacerations with wide zones of contusion and abrasion
on the margins as well as diverging extensions on the ends
(Fig. 19.24).
Occasionally, blunt injuries are inflicted by means of glass
bottles or beer mugs. Blows with such objects are predominantly directed against the head, where they may cause swelling,
haematomas or lacerations, but sometimes also lethal cranio
cerebral trauma. When the glass breaks upon impact, its edges
may cause cut-like wounds in addition.
In contrast to lacerations which are always located at the site
of impact, skin severances due to overstretching are mostly
found away from the area where the injuring object hits the
body. Therefore, such tears lack any concomitant abrasion of
the margins. Apart from deep tissue severances, tears from
overstretching often appear as multiple superficial lesions following the skin’s cleavage lines. Stretch mark tears are mainly
seen in victims of traffic accidents and predominantly involve
the inguinal regions.

19.2.2 Head injuries
The head is a common target in assaults with blunt objects;
other frequent causes of head injuries are traffic accidents, falls
from a height and falls from a standing position. The area of
impact usually reveals injuries of the scalp or the facial skin;
however, severe and even lethal traumatisation is not necessarily associated with local skin discoloration, marked swelling,
excoriation and/or laceration. There may be no externally

(a)

(b)

Figure 19.24 Scalp laceration (a) from a blow with an iron tube
(b). The hair was removed at autopsy.

visible signs, especially in skin areas covered with cushioning
hair and in cases of a fall onto a flat surface. An impact site on
the vertex may suggest that the head sustained a blow, whereas
in falls from standing positions the scalp injuries are expected
at the level of the brim of the hat. According to autopsy studies,
there are many exceptions to this ‘rule’: Only ‘top of the head’
lacerations (in the dorsofrontal and parietal regions) are quite
uncommon in falls from a standing position.
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Skull fractures
These may involve the cranial vault, the base of the skull and
the facial skeleton. Though the presence of a skull fracture
indicates severe traumatisation, the fracture itself rarely threatens the victim’s life. There are several types of skull fractures to
be distinguished.
Single or multiple linear fractures are caused either by a blow
with a broad implement or an impact on a hard surface (e.g.
due to a fall on the head). In such cases, the skull is deformed
(flattening/indenting at the point of impact and outward
bending/bulging in the periphery). The fracture lines originate
where the bone is bent outward and therefore is exposed to
traction forces exceeding the limits of the bone’s elasticity; from
these extruded parts of the skull, the fractures extend towards
the area of impact, but also in the opposite direction. For this
reason, either of the ends is often in congruity with the impact
injury of the scalp (local haematoma with/without concomitant abrasion and/or laceration). Several fracture lines may
radiate outward from a central point of impact where the skull
is often depressed and/or shattered to pieces forming a spider’s
web or mosaic pattern consisting of radiating and circular fractures (Fig. 19.25). The sequence of skull injuries may be determined according to Puppe’s rule: a later fracture does not cross
a pre-existing fracture line, but terminates when reaching an
earlier one.
Before fusion of the cranial sutures (i.e. in children and
young adults), a fracture may travel along the seam resulting in
diastasis (diastatic fractures, Fig. 19.26). If a gaping fracture
runs from one side of the cranial base to the other (mostly after
lateral impact or side-to-side compression), this transverse type
is called a hinge fracture (Fig. 19.27) because of the independent movement of the front and rear halves of the skull base.

Figure 19.25 Left parietal region of a 64-year-old man who had
fallen down the stairs. The impact site shows a spider’s web
fracture.
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Longitudinal fractures of the base of the skull frequently
occur due to a fall on the occiput; in such instances, the linear
fractures typically run through the posterior fossa either ending
near the foramen magnum (Fig. 19.28) or extending to the
floor of the middle and anterior fossa. Alternatively, longitudinal fractures of the base can also be produced by impaction of
the frontal region.
Depending on its course and location, a base fracture may
be followed by several clinical signs: bleeding from the ear (in
fractures of the temporal bone with concomitant haematotympanon and rupture of the eardrum, Fig. 19.29); bleeding from
the nose and mouth (in fractures involving paranasal sinuses,
which provide a communication with the nasopharynx); periorbital haematoma (from fractures of the orbital roofs; compare
with Fig. 19.20c); leakage of cerebrospinal fluid coming out of
the nose or the ear (if the dura is injured along the fracture);
and bacterial infection of the meninges (by spread from the
nasal cavity, the paranasal sinuses and the middle ear, especially
when the fracture is accompanied by a tear of the dura).
Some special types of skull fractures are mentioned briefly.
A ring fracture is located in the posterior fossa and encircles the
foramen magnum. It mostly occurs in a fall from a height onto
the victim’s feet or buttocks, so that the cervical spine is driven
into the skull. Another mechanism takes effect in high speed
head-on collisions: the frontal impact abruptly decelerates the
vehicle and the trunk of belt-restrained passengers, whereas the
head continues to move in the previous direction due to inertia
resulting in hyperextension/hyperflexion of the craniocervical
junction. Ring fractures of the skull base are also seen in
motorcyclists.
Bone impressions and depressed fractures are always localised at the point of impact where the head is struck with an
object having a relatively small surface area such as a hammer,
a protruding corner of a piece of furniture or another edged
implement. The outline of a clean-cut defect in the outer table
may reproduce the shape and size of an edged instrument, for
instance in cases of pistol-whipping. If only limited force is
applied, the depressed fracture can be restricted either to the
outer or, less often, to the inner table of the skull (the latter with
inward displacement of the bone fragments; Fig. 19.30). A
depressed fracture from a blow striking the skull cap at an angle
may be concentrically terraced.
The diaphanoscopic postmortem examination of blunt
impact injuries to the head sometimes reveals non-diaphanous
regions deriving from intra-ossary haematomas (‘bone bruising’). Their location coincides with corresponding injuries of
the scalp such as contusions and lacerations so that conclusions
can be drawn as to the area of impact.
Hole fractures from bullets perforating a flat bone of the
skull are mostly roundish and clean-cut at the site of entrance,
but bevelled out in a crater-like manner at the exit site (see
Chapter 20).
Blunt force applied to the occiput, mostly as a consequence
of a fall on the back of the head, frequently causes independent
fractures of the anterior cranial fossa such as cracks of the thin
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(a)

(b)

Figure 19.26 (a) Skullcap of a 47-year-old man who died from craniocerebral trauma after a fall on the occiput under the influence of
alcohol showing a linear diastetic fracture along the sagittal suture. The star indicates the site of impact. (b) Space-occupying
unilateral subdural haematoma covering the right hemisphere.

Figure 19.27 Transverse (side-to-side) hinge fracture dividing
the base of the skull into a front and a rear half (61-year-old man
killed in an airplane crash).

Figure 19.28 Base of the skull with a linear midline fracture in
the posterior fossa extending down to the foramen magnum
sustained in an unobserved fall on the occiput. Secondary
fractures of the orbital roofs (still covered by the dura, which is
dark coloured from underlying blood) can be seen in this
88-year-old man (status following repeated myocardial
infarction and bypass surgery).
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(a)
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(b)

Figure 19.29 (a) Bleeding from the right ear in a 79-year-old woman after a fall down the stairs. (b) Fracture of the base of the skull
running through the right petrous bone.

blood into the airways. If the victim has lost consciousness,
aspiration of blood into the lungs will be the consequence, possibly followed by fatal asphyxiation (Fig. 19.31). The same complication can be seen after blunt traumatisation of the visceral
cranium.

Facial trauma

(a)

(b)

Figure 19.30 Impression fracture of the skull cap in a 26-yearold man after blows with a heavy monkey-wrench. (a) The outer
table of the parietal bone shows only minor depression. (b) Two
pieces of the inner table are displaced inward protruding into the
cranial cavity.

orbital roofs (secondary fractures) at the site of the contrecoup
(compare with Fig. 19.28).
A fracture of the base of the skull involving an air sinus (e.g.
in the sphenoid bone) provides a communication between the
cranial cavity and the nasopharynx permitting the passage of

Common causes of facial trauma are vehicle crashes, interpersonal violence (e.g. blunt assaults such as blows from fists or
objects, kicks), falls, industrial and sports accidents. Due to the
use of seat belts and airbags, the incidence of maxillofacial
trauma in drivers and front seat passengers has decreased considerably. The same is true for motorcyclists protected by
helmets. Although most facial injuries are not life threatening
by themselves, they are often associated with severe craniocerebral trauma. Besides, they may be followed by lethal complications, for instance when the airways are obstructed either by
bleeding or by swelling of surrounding tissues. In victims who
lost consciousness due to additional brain concussion or contusion, death frequently results from blood aspiration with consecutive asphyxia.
Apart from soft tissue injuries such as abrasions, bruises,
lacerations of the facial skin and oral mucosa (Fig. 19.32), facial
trauma can also involve bones and teeth. Bone fractures are
mostly accompanied by local swelling and haematoma, deformity of the face, abnormally movable fragments and bleeding
from the nose and/or mouth. Commonly injured bones include
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(a)

(b)

(c)

Figure 19.31 Blood aspiration following fractures of the skull base in a 16-year-old suicide jumping from a height. (a) Frontal aspect
of the overinflated lungs with dark spots indicating subpleural blood infiltration. (b) Trachea and main bronchi filled with blood.
(c) Cut surface of the pulmonary tissue showing dark foci of aspirated blood.

(a)

(b)

Figure 19.32 Blunt facial trauma in a 60-year-old man due to multiple blows to the oral region. (a) Haematoma discoloration of the lips
and nose. (b) Inner aspect of the upper lip with lacerations and bruising.

the nose, maxilla, mandible, zygoma, frontal bone and other
bony structures forming the orbit.
Traditionally, the midface fractures are categorised according to their location. Le Fort described three main types which
are still used to classify these injuries. Le Fort I fractures run
horizontally through the maxilla which is separated from the
palate. Le Fort II fractures involve both halves of the maxilla by
running symmetrically upward to the orbital rim and crossing
the midline through the nasal bones so that the fracture’s route

is comparable with a pyramid. Le Fort III fractures are characterised by a transverse craniofacial disjunction at the level of
the orbital floors. Nevertheless, in practice, fracture patterns do
not always follow the system introduced by Le Fort.
Fractures of the mandible account for a high percentage of
all facial fractures especially among young males. They mainly
occur due to vehicle accidents, assaults, work-related traumas,
falls and sports accidents. Mandibular fractures may be simple
(closed), compound (open) or comminuted. The anatomical
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(a)
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(b)

Figure 19.33 Blunt craniocerebral trauma caused by interpersonal violence. The 35-year-old woman died after a lucid interval of
several hours. (a) The unilateral subdural haematoma led to a shift of the midline structures from right to left; the close-up view shows
a torn bridging vein (source of bleeding). There was no skull fracture. (b) Underside of the cerebral hemispheres with transtentorial
(uncal) herniation (arrows) and no cerebral contusions.

regions frequently affected are the symphyseal area, the body
and the mandibular angles, the right and left ramus as well as
the condylar and coronoid processes.

Intracranial haemorrhages
A space-occupying bleeding under, over and/or between the
brain membranes is followed by local displacement of the brain
and raised intracranial pressure with concomitant flattening of
the cerebral hemispheres. Intracranial haematomas as well as
traumatic brain swelling, which often accompanies head injuries, may result in transtentorial (uncal) herniation (in cases of
supratentorial mass lesion, Fig. 19.33) and/or herniation of the
cerebellar tonsils which are forced into the foramen magnum
leading to compression of the brainstem with secondary
damage and failure of the medullary respiratory centers.
From the clinical and forensic point of view, the possible
occurrence of a so-called ‘lucid’ or ‘latent’ interval has to be
mentioned. After initial unconsciousness (due to cerebral concussion), there may be a symptomless period of several hours
or even days before the victim becomes comatose again because
of the increased haemorrhage leading to elevated intracranial
pressure.
Epidural (extradural) haemorrhages are located between the
skull and the underlying dura mater which is stripped from the
bone by bleeding from a torn vessel (Fig. 19.34). Epidural haematomas have a typical disk- or lens-shaped appearance, which
can be demonstrated by means of pre- or postmortem computed tomography (CT) scans (Fig. 19.35). The most common
site is the temporal and the adjacent parietal region where
the branches of the middle meningeal artery are easily lacerated

in the course of a transecting fracture line. Since the welladherent dura has to be avulsed from the bone, epidural haematomas originate more often from arterial bleeding than from
venous bleeding (e.g. due to a torn dural sinus). In the great
majority, an extradural haemorrhage is associated with a cranial
fracture.
An antemortem traumatic extradural haematoma must not
be confused with a postmortem epidural thermal haematoma.
The latter is seen in severely burnt bodies with an (at least
partially) charred skull. It is caused by a heat-induced shift of
bloody fluid from the diploe and the venous sinuses. The
thermal haematoma has a crumbly or fatty appearance and a
brick-red or brown colour (see Chapter 22).
Subdural haematomas are intracranial bleedings located
beneath the dura mater and above the arachnoid. Most often
the haemorrhage arises from the tearing of overstretched bridging veins that traverse the subdural space between the surface
of the cerebral hemispheres and the superior sagittal sinus (Fig.
19.36, compare with Fig. 19.33a). Other possible sources of
subdural bleeding are injuries to venous sinuses or to the cerebral parenchyma (such as cerebral contusions with concomitant laceration of the arachnoid). The subdural haemorrhage
usually covers one cerebral hemisphere in a cap-like manner
from the parasagittal area via the lateral surface down to the
basal fossas; on a horizontal section, it appears as a sickleshaped accumulation of blood.
In contrast to epidural haematomas, subdural haemorrhages
are often not associated with skull fractures; additional damage
to the brain tissue may also be absent. A high percentage of
subdural bleedings is caused by acceleration or deceleration of
the head, for instance in falls when the head impacts on a hard
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(a)

(b)

(c)

(d)

Figure 19.34 Death from a space-occupying extradural (epidural) haematoma in a 49-year-old man who had hit the ground with the
left side of the head and sustained a linear parietotemporal fracture. (a) Horizontal section showing the left-sided epidural blood
accumulation. (b) View from above after removal of the skull cap with the haematoma adhering to the outer surface of the dura mater.
(c) Base of the skull still covered with the dura, which is detached by the extradural haemorrhage located in the left middle fossa.
(d) Base of the skull after removal of the dura.

surface, but also in traffic accidents and physical child abuse
(battered child and shaken baby syndrome, see Chapter 37).
Apart from acute and subacute subdural haemorrhages (Fig.
19.37), there are cases of prolonged haematoma formation and
organisation, mainly in elderly people and sometimes without
a history of previous traumatisation. Such chronic subdural
haematomas typically consist of brown and gelatinous blood
accumulations adherent to the meninges and sometimes
covered with a tough membrane.
Traumatic subarachnoid bleeding may result from damage
to the cortex such as brain contusion (e.g. contrecoup lesions,
Fig. 19.38), from penetrating injuries to the brain and as a
consequence of vessel tears within the subarachnoid space. An
extensive haemorrhage on the ventral surface and around the
brainstem may arise from a laceration of an artery belonging

to the circle of Willis or from another great vessel (such as a
torn basilar and vertebral artery).
In sudden deaths without any preceding trauma, subarachnoid haemorrhage is most often due to the spontaneous rupture
of a so-called berry aneurysm, which is typically located at
bifurcations and branches of cerebral arteries belonging to the
‘circle of Willis’ (see Chapter 33). The blood extravasation
usually fills the basal cisterns and then spreads laterally over the
cerebral hemispheres.

Cerebral injuries
‘Concussion of the brain’ is a clinical diagnosis which means a
disorder of cerebral function following immediately upon a
(blunt) head injury. It is usually characterised by a transient loss
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A

Figure 19.35 CT scan of a 39-year-old man showing a large
left-sided extradural haematoma with concomitant shift of the
midline to the right and brain swelling. The victim was hit by a
fist blow to the face and fell on the back of the head. The
extradural haematoma was associated with frontal contusions.
The patient underwent neurosurgical craniotomy with removal of
the space-occupying blood accumulation and survived with only
minor neurological deficits.

(a)
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of consciousness (initial coma); it is often combined with
retrograde/anterograde amnesia and vegetative signs such as
nausea and vomiting. In mere concussions, the unconsciousness lasts only for a relatively short time (less than 1 hour) and
the brain tissue does not show any evidence of structural
damage. Nevertheless, even a simple cerebral concussion may
be followed by the victim’s death, if the head trauma is joined
by interfering mechanisms (for instance drowning or aspiration
of gastric contents during unconsciousness).
Cerebral contusions are traumatic lesions of the brain frequently seen in the cortex and sometimes extending into the
underlying white matter (Fig. 19.39). Fresh contusion haemorrhages are mostly located on the crests of the gyri and composed of grouped streak-like or punctate blood extravasations
(Fig. 19.40). The cortical lesions are often covered with subarachnoid haemorrhage. In contrast to cerebral contusions, the
term ‘laceration’ means a major destruction of the anatomical
context (for instance mechanical separation of the tissue due to
bone fragments or penetrating bullets). In the case of survival,
the contusion haemorrhages are reabsorbed and assume a
yellowish-brown appearance forming cystic scars. These remote
contusions are often referred to as ‘plaque jaune’ (Fig. 19.41,
compare with Fig. 19.37b).
Due to the injuring mechanism, most cerebral contusions
occur in brain regions that are directly opposite to the point of
impact. This contrecoup type of contusion is classically caused
by a fall on the occiput, when the moving head is suddenly
decelerated with the consequence that the inlying brain is
damaged due to inertia. In falls on the back of the head, the

(b)

Figure 19.36 Acute subdural haematoma in a 44-year-old epileptic after an apparent fall to the ground showing a reflected dura with
adhering blood accumulation on its underside (a) and injured bridging veins (b). The immediate cause of death was aspiration of gastric
contents.
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(a)
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Figure 19.37 Right-sided subacute subdural haematoma (survival time 4 months) in an 89-year-old woman who had suffered a
craniocerebral trauma due to a fall down the stairs. (a) Reflected dura with reddish and brownish gelatinous adhesions on the
underside. (b) Basal surface of the brain showing residues of former cerebral contusions (frontal and right parietal lobes).

Figure 19.38 Contrecoup lesions of the brain covered with
subarachnoid haemorrhage (frontal poles and left temporal
lobe). The impact site was located in the right occipital region of
this 81-year-old woman hit by a car, who survived for 3 days.

contrecoup areas of the brain (poles and undersurfaces of the
frontal and temporal lobes) are subjected to an ultrashort negative pressure (‘cavitation’) resulting in vessel ruptures and cortical haemorrhages. Alternatively, the so-called coup contusions
arise at the area of impact due to the local deformation and

compression of the brain. Even severe coup and contrecoup
injuries are not necessarily associated with skull fractures. In
victims with both coup and contrecoup lesions, the degree of
contrecoup damage is usually more pronounced. Fracture contusions are localised in topographical correspondence to fracture lines and/or depressed fractures.
Severe head traumas are often followed by post-traumatic
epilepsy, especially in victims with penetrating head injuries,
depressed skull fractures, dural tears, intracranial haematomas
and structural brain damage. Early post-traumatic seizures
occur within the first week, whereas late post-traumatic epilepsy can develop at any point thereafter.
Diffuse axonal injury (DAI) and the accompanying tissue
tear haemorrhages are considered a consequence of shear and
tensile strains from sudden acceleration/deceleration or rotational movements of the head. Overstretching of the nerve
fibres in the white matter leads to axonal injury varying from
temporary dysfunction to anatomical transection, the latter
being followed by microscopically visible club-shaped retraction balls on the axons. The sites of predilection include the
corpus callosum, the parasagittal white matter, the superior
peduncles and the rostral brainstem. In the course of the repair
process, microglial cells proliferate in the areas of axon damage.
In victims of substantial head injuries, especially after traffic
accidents, diffuse axonal injuries may be responsible for prolonged coma and a fatal outcome even in the absence of an
intracranial mass lesion. Macroscopically, DAI is characterised
by small focal haemorrhages and salient cerebral swelling.
Cerebral oedema is a frequent finding in significant head
injuries. The formation of oedema is due to an increase in the
fluid content of the brain, predominantly in the white matter.
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(b)

(a)

Figure 19.39 Extensive cerebral contusions in a head trauma due to a fall from a height (32-year-old man who died 4 days after an
industrial accident). The impact site was located in the right parietal region. (a) Contralateral contrecoup lesions are mainly on the left
frontal lobe. (b) Close-up view of the contusion haemorrhages.

Figure 19.40 Cut surfaces of brain areas showing contusion injuries (cortical haemorrhages at the gyral crests).

Post-traumatic oedema may be generalised (diffuse) or related
to focal tissue damage (e.g. adjacent to an area of cerebral contusion or laceration). At autopsy, the weight of the brain is
increased; the gyri are pale and flattened with shallow sulci in
between. From the pathogenetic point of view, edema is attributed to a heightened vascular permeability which in turn may
be worsened by additional hypoxia.
As with space-occupying bleedings such as subdural or epidural haematomas, brain swelling is a common cause of raised
intracranial pressure. The enlarged volume of the oedematous
brain leads to a displacement of cerebral tissue downward
through the midbrain opening resulting in grooving of the unci
and/or hippocampal herniation. Expansion of the subtentorial
brain leads to herniation of the cerebellar tonsils which are

forced into the foramen magnum. Herniation with concomitant compression of the brainstem may be followed by secondary haemorrhages (localised in the midbrain and pons) and
finally by lethal dysfunction of vital centres.

19.2.3 Neck trauma
Some aspects of blunt injuries to the neck are dealt with in
other sections of this book (e.g. traffic injuries in Chapter 62
and strangulation in Chapter 21). Only a few general remarks
are therefore made in this context.
In victims sustaining blunt neck trauma, the soft tissues (e.g.
integument, muscles, thyroid gland, vessels), the airways (e.g.
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(a)

(b)

Figure 19.41 Old (remote) cerebral contusions as incidental autopsy findings. Brownish discoloration (due to residual haemosiderin) and
cystic alterations/defects at the gyral crests of the former contrecoup areas were seen in (a) the left parietal lobe, and (b) the base of
the frontal lobes.

larynx, trachea) and the vertebral column with its spinal cord
may be affected. Non-penetrating injuries to the anterior neck
most often arise from motor vehicle accidents, assaults, falls
(from height) and sports. In such instances, the laryngeal skeleton is compressed between an impacting object and the spine.
When neck injuries are present, one always has to consider an
intentional infliction by another person. This does not only
apply to manual or ligature strangulation but also to blows and
kicks. In fatal assaults by kicking and trampling, neck injuries
can be seen in about 40% of cases with a high frequency of
throat skeleton fractures. In non-homicidal falls from height,
blunt neck injuries (including haematomas as well as fractures
of the hyoid bone and/or the thyroid cartilage) have been
observed with a frequency up to 33%. Apart from bleeding with
consecutive blood aspiration, size reduction of the airways (by
endolaryngeal haematoma, oedema, mucosal disruption, displaced fractures) may be another cause of respiratory distress.
Spinal injuries range from temporary and merely functional
impairment due to ligament and muscle strains (distorsion) to
vertebral fracture and dislocation, the latter ones often accompanied by spinal cord lesions. One-third of the cervical spine
fractures occur at the level of C2, and half at the level of C6 or
C7. The causative mechanisms resulting in spine injuries
include flexion-rotation, extension, extension-rotation, vertical
(axial) compression and lateral flexion, all of them associated
with special fracture types and sometimes with (sub)luxations
and dislocations/displacements. The so-called hangman fracture is a traumatic spondylolisthesis of C2 with bilateral fractures through the pedicles due to hyperextension.
In atlanto-occipital dislocation, the ligamentous relationships between the occipital bone and the arch of C1 are torn
by severe flexion or extension. Atlas fractures are caused by

the impaction of the occipital condyles on the ring of C1.
Among the odontoid process fractures of the axis three types
are distinguished based on the level of bone severance (I: avulsion of the tip; II: fracture of the base; III: fracture line extending into the body of axis). Depending on the degree of
mechanical instability and/or dislocation, vertebral fractures
may lead to spinal cord injuries with corresponding neurological symptoms.

19.2.4 Injuries to the chest
Non-penetrating blunt force may damage the thoracic wall
and/or the chest organs. Rib fractures are caused either by
direct or by indirect violence. In the first case, a localised force
is applied and the underlying ribs are broken in the contact area
(for instance along the seat belt in head-on collisions); the other
(indirect) type of rib fracture occurs away from the impact,
mainly due to compression of the chest.
Rib fractures are frequently associated with complications
that may be dangerous or even life threatening (Fig. 19.42):
1. If a victim sustains numerous fractures, the rib cage loses
its rigidity so that the injured section of the chest wall will
not participate in the expansion of the thorax during inspiration with the result of paradoxical respiration (flail chest)
and concomitant hypoxia.
2. Sharp pointed ends of the rib fragments may penetrate the
pleura and lacerate the lung (Fig. 19.43a) and/or the intercostal blood vessels with consecutive bleeding into the
chest cavity (haemothorax).
3. A leak in the visceral pleura or a penetrating injury of
the thoracic wall permits air to enter the pleural cavity
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Figure 19.42 Polytrauma in a 71-year-old man caused by a fall from a height. (a) Blood accumulation in the left thoracic cavity
(haemothorax), rupture of the diaphragm with displacement of the gastric fundus into the left thoracic cavity, and rupture of the liver
and small intestine with leakage of chyme into the abdominal cavity. (b) Left-sided serial rib fractures partly perforating the parietal
pleura.

(a)

(b)

Figure 19.43 (a) Front view of the right lung with multiple lacerations from penetrating fragments of fractured ribs (arrows). (b) Dorsal
aspect of the left lung showing deep lacerations of the lower lobe.

(pneumothorax) so that the lung collapses, if it is not fixed
to the chest wall by pre-existing pleural adhesions. A valvelike leakage in the pleura leads to a so-called tension pneumothorax caused by an increasing pressure of trapped air
in the pleural cavity and followed by a complete collapse
of the affected lung and a shift of the mediastinum to the
opposite side.

4. The presence of air bubbles in the subcutis (Fig. 19.44) or
in the mediastinum (subcutaneous/mediastinal emphysema) may derive from injuries of the trachea, the bronchi,
the thoracic wall or the lungs by air entering the adjacent
soft tissues.
Blunt force injuries to the lung are mainly encountered as
contusions or lacerations. A contusion is typically caused by a
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Figure 19.44 Tissue emphysema with air bubbles in the chest
wall (shown after removal of the skin and subcutis).

substantial impact on the chest with consecutive inward
bending of the thoracic cage. In young victims, contusions are
not necessarily accompanied by fractures of the ribs or the
sternum because of the high pliability of the juvenile thoracic
cage. From the morphological point of view, a contused lung
shows bruising either as a subpleural suffusion or as an intrapulmonary haemorrhage. Lacerations of the lung (Fig. 19.43b) can
result when a severe compressive or crushing force is applied to
the chest so that the pulmonary tissue bursts or tears. Another
possible mechanism is inward displacement of a fractured rib
which impales the lung.
Blunt traumatisation of the heart manifests itself as concussion, contusion or myocardial rupture. In most cases, the force
is directly applied to the anterior chest, which compresses or
crushes the heart between the sternum and the vertebral
column. Bruises of the cardiac wall may be localised in the
subepicardial fatty tissue (sometimes in combination with
post-traumatic coronary occlusion) or within the myocardium,
which then appears dark red from interstitial haemorrhage.
Lacerations of the heart are most often seen in the relatively
thin right ventricle or in the atria; they are less common in the
left ventricle, papillary muscles, cardiac valves and interatrial
and interventricular septum (Fig. 19.45).
The risk of cardiac rupture is especially high during diastole,
when the heart chambers are filled with blood and therefore
easily burst on being exposed to a sudden compressive force.
Such injuries usually have a fatal outcome either from massive
blood loss and haemorrhagic shock (if the pericardial sac is
torn and the blood pours into the pleural cavity) or from
cardiac tamponade (blood accumulation in the pericardial sac
resulting in insufficient filling of the cardiac chambers and
impaired forward circulation). In very rare cases, the traumatic
heart rupture may be delayed, if the blunt chest trauma first led
only to a tear of the inner myocardial layers, which later perforated into the pericardial sac.
Traumatic aortic ruptures typically occur in vehicular accidents and in falls from a height. The most important mecha-

Figure 19.45 Anterior aspect of the heart of a 64-year-old car
driver who died after a head-on collision with a truck, showing
transection of the ascending aorta and traumatic lacerations of
the right and left ventricular walls.

nism is sudden deceleration, possibly in combination with
compression and/or shearing. Traction forces tear the aorta
transversely at two sites of predisposition: in the descending
part of its arcus (near the attachment of the ligamentum arteriosum, Fig. 19.46b) or immediately above the cusps of the
aortic valve (compare with Fig. 19.45). Other locations (for
instance in association with a dislocated vertebral fracture) are
rather rare. The laceration of the aorta may occur either as
complete or partial transection. In the latter case, the outer
layers of the vascular wall are not damaged; the intimal tears
are often multiple, semicircular and parallel (so-called ladderrung tears). If the trauma is survived at least for a short time,
parietal thrombosis or post-traumatic aneurysm may follow as
secondary complications.
Vertebral fractures can occur anywhere along the spine. A
common location is the thoracolumbar region, which is affected
in more than 60% of cases. The most frequent type of injury is
the compression fracture in which the vertebral body collapses
due to a sudden downward force often resulting in a wedgeshaped deformation of the bone. Pre-existent bone diseases
such as osteoporosis and some (metastatic) spine tumours are
associated with increased fragility, so that even minor trauma
can be sufficient to break the weakened bone.
In dislocations, the vertebrae are no longer in alignment,
mostly as a consequence of overstretched/torn ligaments and
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Figure 19.46 Thoracic trauma due to a suicidal fall from a height in a 68-year-old man. (a) Spine fracture, right-sided severance of the
intercostal muscles, and serial rib fractures perforating the parietal pleura on the left side. (b) Traumatic rupture of the aorta (at the
transition from the arcus to the descending part) with subsequent haemorrhage into the adjacent mediastinum.

often accompanied by concomitant fractures or severed disks.
A dislocation of the spine is prone to instability with a high risk
of compressing or even squeezing through the spinal cord.

19.2.5 Abdominal injuries and
pelvic fractures
Blunt force injuries of the abdomen are frequently seen in
traffic and work accidents, in child and spouse abuse, in other
criminal assaults (with kicking, stamping and punching), but
also in suicidal falls from heights. The abdominal organs most
vulnerable to blunt trauma are the solid liver and spleen on the
one side and the mesentery on the other (see Fig. 19.42a). Concomitant external signs of blunt traumatisation such as contusions or abrasions are by no means obligatory.
Substantial injuries to the liver, the spleen and the mesentery
always have to be regarded as life threatening and potentially
fatal, especially in cases without rapid surgical treatment. The
main reason is intraperitoneal bleeding from lacerations. Ruptures of the liver and spleen can be classified either as a transcapsular or a subcapsular laceration. In the first case, both the
capsule and the parenchyma are injured so that the blood
instantaneously pours into the peritoneal cavity (Figs 19.47 and
19.48). The second type of laceration is characterised by the
initial formation of a subcapsular haematoma (Figs 19.49 and
19.50), which expands continuously and may cause a delayed
rupture when the covering capsule tears due to overstretching
(mostly several hours or even days after the trauma).
The stomach and the intestine are less susceptible to blunt
traumatisation than the parenchymatous abdominal organs.

Figure 19.47 Transcapsular lacerations of both hepatic lobes in
a 48-year-old car driver who had a head-on collision with a
truck.

The hollow viscera are more likely to rupture, if they are filled
with food or fluid (Fig. 19.51b). Another reason why the intestine or stomach may be prone to damage is squeezing of the
organs between the indented abdominal wall and the lumbar
vertebrae. Fatal outcomes from contusions or lacerations of the
gastrointestinal tract are usually due to diffuse peritonitis.
Renal injuries (Fig. 19.52) are a relatively rare source of
severe bleeding since the kidneys are deeply located behind the
peritoneum. Nevertheless they can be ruptured by a heavy
impact to the loin (e.g. in traffic accidents or assaults).
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Figure 19.48 Transcapsular lacerations of the spleen in a
40-year-old motorcyclist.

(a)

Though the empty urinary bladder is placed within the
pelvis, when filled it moves upwards and is therefore ex
posed to blunt traumatisation of the lower abdomen. Consequently, rupture of the empty bladder is expected to be
extraperitoneal and accompanied by pelvic fractures, whereas
a bladder distended with urine may rupture into the peritoneal
cavity.
Blunt traumatisation of a pregnant uterus is a possible cause
of fetal death, mostly due to separation or rupture of the
placenta.
In young and middle-aged people, great forces are needed
to produce pelvic fractures. Therefore, these injuries are frequently seen in victims of motor vehicle crashes (including
motorcyclists), after falls from a height or in persons who suffered severe compression of the lower trunk. However, in elderly
people with an increased fragility of bones (usually due to
osteoporosis) the most common cause of pelvic fracture is a
simple fall to the ground.
The causative mechanisms in pelvic fractures comprise
lateral compression, anteroposterior compression, vertical
shear and a combination of these forces. Fractures of the pelvic
ring may be stable if the sacroiliac complex is intact. A complete
disruption of the sacroiliac joint is accompanied by both rotational and vertical instability. A heavy impact to the pubic
region (e.g. in head-on-collisions of motorcyclists) disrupts
the pelvic girdle in the symphyseal area so that the right and
left halves of the pelvis are separated from each other (more at
the front than at the rear, ‘open book fracture’). Pelvic fractures
are often associated with severe bleeding into the surrounding
soft tissues and therefore constitute a major risk of traumatic
shock.

(b)

Figure 19.49 (a) Large haematoma beneath the still intact capsule of the liver (incidental autopsy finding) with no intra-abdominal
haemorrhage. (b) The subcapsular ruptures and blood accumulations were made visible by partial removal of the detached capsule. The
causative trauma remained unclear (probably an unobserved fall in the bathroom where the victim was found dead). There were no
resuscitation attempts.
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(a)

(a)

(b)
Figure 19.50 Delayed rupture of the spleen in a 45-year-old
woman who had been physically abused 3 days before death
(domestic violence). (a) The secondary rupture of the capsule
was followed by fatal bleeding into the peritoneal cavity (2 L of
blood). (b) The site and extent of the subcapsular/
intraparenchymal haematoma can be seen on the cut surface.
Autopsy revealed the additional presence of left-sided rib
fractures (ribs 7–10). In spite of persistent abdominal pain the
victim refused to accept medical treatment.

19.2.6 Injuries to the extremities
Apart from injuries to the skin and the subcutaneous layer,
other anatomical structures such as the muscles, bones and
joints may be involved in blunt force trauma. Extensive crushing of the soft tissues, the formation of blood-filled cavities,
comminuted fractures and severance of large vessels are frequent findings in victims of automobile–pedestrian accidents.
The biomechanics and the morphology of impact traumas
to the leg are dealt with in the context of traffic injuries (see
Chapter 62). A bending load is by far the most common mechanism of fracture for lower-extremity bones. Bending may
produce an oblique, transverse or wedge fracture in the shaft of
long bones. Other possible mechanisms of fractures are axial

(b)
Figure 19.51 Homicidal death of an intoxicated 49-year-old man
(blood alcohol concentration 2.87‰) who suffered blunt
traumatisation of the abdomen by multiple blows and kicks.
Lacerations can be seen of the mesenterium (a) and the
intestinal wall (b) with consecutive haemoperitoneum (2 L of
blood).

loading (e.g. in dashboard-style impacts) and torsion (resulting
in spiral fractures).
The injury patterns of skin, soft tissues, joints and bones
often contribute to reconstruction in traffic accidents. Bone
bruises at the site of impact (e.g. in a lateral femur condyle) can
be visualised either by autopsy or by magnetic resonance
imaging (MRI).
In children, intentional injuries caused by abuse have to be
differentiated from sequelae of accidental traumatisation (see
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Figure 19.53 Fatal pulmonary thromboembolism following total
hip replacement surgery in a 52-year-old woman; the latency
period between trauma and death was 12 days.

Figure 19.52 Multiple lacerations of the kidney in a 16-year-old
suicide jumping from a height.

Chapter 37). Physical abuse accounts for a high percentage of
paediatric femoral fractures. A special type of bone injury is
seen both in children and adults when victims of a blunt force
attack try to protect themselves by raising their hands or arms.
A classical fracture site is the ulnar shaft, which is exposed in
victims parrying a blow or kick (‘defence injury’).
Slip, trip and fall accidents constitute a major public health
concern. Especially amongst the elderly, injuries from simple
falls to the ground are often followed by life-threatening consequences (e.g. thromboembolism or pneumonia; Figs 19.53
and 19.54). Most femoral neck fractures and inter-/subtrochanteric fractures are due to a fall or other minor trauma when
the bone’s fragility is increased in patients with osteoporosis. In
younger people with normal bones, hip fractures are caused by
high energy trauma (e.g. motor vehicle accident, fall from a
height). On external examination, the affected leg is typically
shortened and rotated. Other fracture sites often seen in patients
with osteoporosis, are the distal radius (after a fall on the outstretched hand) and the proximal humerus.
Internal bleeding (from closed injuries) and external
bleeding (from traumatic amputation, severe avulsive wounds
and compound fractures) are important factors contributing
to haemorrhagic shock and consecutive organ dysfunction
(mainly affecting the lungs and kidneys). Another sequel to
blunt trauma is pulmonary and systemic fat embolism (caused

Figure 19.54 Cut surface of the right lung with purulent
bronchopneumonia in an 82-year-old woman who sustained
severe craniocerebral trauma in an accident 6 days before
death.

by globules of fat, usually subsequent to fractures or damage
of fatty tissues). In cases of prolonged survival, intercurrent
infection, pneumonia, multiorgan failure and pulmonary
thromboembolism (originating from post-traumatic venous
thrombosis) are dangerous and often fatal complications of an
originally non-lethal injury (e.g. fracture of the femur neck).
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19.3 Forensic neuropathology
Christoph Meissner and Manfred Oehmichen

19.3.1 General principles
Forensic neuropathology is a specialised discipline of pathology
and is of great importance in cases where gross autopsy findings
of the medical examiner’s casework suggest not only a death
due to a trauma or disease of the head, skull, brain, spine or
spinal cord, but also secondary alterations due to asphyxia or
hypovolaemic or cardiac shock. The forensic neuropathologist
is expected to provide answers to the following:
• The cause and time of death.
• The type, biomechanics and time of the traumatic event.
• Information about neuropathological changes which may
have influenced the fatal mechanism.
• The ability of the victim to act at a given time point.
• The mode of death.
In summary, it is the forensic neuropathologist’s task to give a
detailed and plausible reconstruction of the events leading to
the death, and to provide information about the time course of
the neuropathological findings. More details regarding the
morphology, scientific background and literature are found in
the textbook by Oehmichen et al. (2009a; see also Leestma 2008;
Oehmichen and König 2012).

Cellular elements of the central
nervous system
Neuron
A human brain contains about 1 × 1012 neurons with each one
receiving up to 30 000 presynaptic terminals (Tanner 1978).
Neurons are easily detected microscopically by haematoxylin
and eosin (H&E), Nissl or silver staining as well as by a number
of monoclonal antibodies. These cells are characterised by cell
processes called axons and dendrites, which connect one neuron
with the other by synapses, and which form an intracranial
network. Axons and dendrites are detectable by means of specific silver staining techniques and immunohistochemistry.
Axonal injury investigation is best achieved by ß-amyloid precursor protein (ß-APP) staining or silver staining technique,
and facilitates the detection of neuronal injury by presenting
disrupted axons, axonal balls or axonal bulbs. The myelin sheet
of myelinated axons can be demonstrated by Luxol fast blue
staining.

Astrocyte
Astrocytes are the most common cell type, outnumbering
neurons by an order of magnitude. The astrocyte is essential to
keep the highly differentiated neurons in their proper place and
to maintain their environment. Astrocytes reveal long branched
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processes giving the cell a star-like appearance. Nearly all astrocytes contain 10 μm intermediate filaments, expressing especially glial fibrillary acidic protein (GFAP). The cells are found
in the grey as well as the white matter. Astrocytes are interconnected between each other via gap junctions and possess messenger systems that maintain essential communicaton between
themselves and the neurons.
Detection of different types of astrocytes and reactive astrocytes is best achieved by applying the GFAP antibody. Three
subgroups of astrocytes can be distinguished, which can be
differentiated by their morphology. Fibrous astrocytes are
hosted in the white matter. They are stellate in structure with
long thin poorly ramified processes that are smoothly surfaced.
Protoplasmic astrocytes reside in the grey matter and exhibit
ramified processes of a variable calibre. Radial astrocytes are
observed in the white matter, disposed in a plane perpendicular
to the axis of the ventricle. Their processes lack ramification
and at least one process touches the pia mater, the others coursing through the grey matter.
Reactive astrocytes are characterised by swelling of the cell
body and an up-regulaton of GFAP and vimentin. If cytoplasm
is abundant and the cell rounded, such reactive cells are termed
fattened or gemistocytic astrocytes. This cell type reveals a
homogenous cytoplasm and a slightly enlarged nucleus with
angular projections from which the processes arise. Astrocytes
react to different neuropathological conditions like trauma,
infection, oedema, infarct, seizure or others. Laceration and
hypoxic changes of the brain parenchyma produce a powerful
glial response and also induce proliferation of connective tissue.
Maximum numbers of proliferating GFAP-positive astrocytes
are observed on days 2.5 and 3 after the traumatic or ischaemic
event.
At sites of brain tissue destruction, astrocytes form a scar in
which they begin to shrink and finally disappear, leaving behind
a dense meshwork of glial fibres. Excision of the brain parenchyma will leave a fluid-filled space, the surrounding wall of
which contains astrocytes with only slight reactive changes.

Oligodendrocyte
Oligodendrocytes are small cells with a round or oval, relatively
dense nucleus and a small rim of cytoplasm with a cell diameter
of 6–8 μm. Oligodendrocytes can be demonstrated by silver
technique, by antibodies to myelin basic protein (MBP), and by
a panel of monoclonal antibodies. Oligodendrocytes possess
ramified processes detectable by silver techniques. They also
exhibit a structural polymorphism that reflects differences in
function. This cell type is involved in the myelination and remyelinating processes and in immunological processes under
pathological conditions.
In the injured central nervous system (CNS), oligodendrocyte precursor cells constitute a reactive glial population
that goes through hypertrophy and mitosis under stimula
tion from an array of cytokines and growth factors. If there is
demyelination, the precursor cells divide and differentiate into
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new oligodendrocytes that replace the ones that were lost. Activation and proliferation of these cells also occurs in response
to CNS damage, including excitotoxicity, mechanical injury and
viral infection.

Microglia
Microglial cells have a mesenchymal origin and are as numerous as neurons in the CNS (Oehmichen 1978). The mesenchymal progenitor cells derived from the bone marrow (monocytes
and/or macrophages) patrol the CNS continuously. Perivascular and meningeal ‘macrophage’ populations are especially
slowly replaced by haematogenous macrophages. In contrast,
parenchymal microglia seem to be quite stable in the mature
normal brain and may not be replaced by new bone marrow
derived macrophages. Microglial cells as monocyte derived
mononuclear phagocytes are the most important cells to diagnose pathological conditions of the brain and have been suggested to be a ‘sensor’ of the pathological status of the human
CNS (Graeber et al. 1997). Under pathological conditions, ‘activated microglia’ appear, which possess the ability to proliferate
locally, to emigrate to the site of injury and to change morphologically and functionally. In normal CNS, microglia cells are
detected by H&E staining as small bean-shaped nuclei. In
human brain tissue with pathological alterations, activated
microglia is best detected in paraffin material using silver techniques or the monoclonal antibody LN-3 as small cells with
thin star-like processes.

Cell and tissue reactions
Different types of brain damage like oedema, necrosis as well
as brain ischaemia as a type of metabolic disturbance result in
a final tissue reaction via a final common pathway. Since these
cellular and tissue reactions are largely independent of a ‘specific’ type of insult, they are therefore non-specific. The basic
principles of the individual types of reaction and their fundamental pathophysiological principles and morphology are discussed below.

Increased intracranial volume
If brain volume increases, both blood and cerebrospinal fluid
(CSF) are displaced by an increase of intracranial pressure
(ICP). Consequent compression of the brain against the inelastic dura mater and the skull can lead to a lethal series of complications in clinical neurology.
According to Miller and Ironside (1997), a panel of factors
has an impact on brain volume. Firstly, a disturbance of the
blood–brain barrier (BBB) can lead to an increase in the fluid
content, with a consequent increase in brain volume. The white
matter of the brain is 68% water, the grey matter 80%. A rise
in brain water content entails an increase in brain volume (i.e.
brain oedema). Secondly, elevated cerebral blood volume, also

known as ‘brain swelling’, is a congestive process. Intracranial
blood volume can be raised by a number of factors such as:
• Arterial hypertension.
• Enhanced cerebral blood flow secondary to elevated cerebral
perfusion pressure.
• A decline in the cerebrovascular resistance of arterioles, capillaries and postcapillary vessels.
• Hypercapnia.
• Hypoxaemia associated with severe elevation of arterial
pressure.
• Obstruction of the venous outflow of the brain.
Thirdly, an increase in CSF pressure may result in an
increased brain volume (e.g. in acute obstructive high pressure
hydrocephalus).
A fundamental distinction must be made between focal
and global cerebral oedema. The latter follows acute systemic
hypoxic events, for example in transitory cardiac arrest or
chronic hypoxia (e.g. in respiratory diseases). Global cerebral
oedema may also be associated with metabolic diseases, intoxication and inflammation. Focal cerebral oedema results from
focal tissue destruction due to infarction, traumatic haemorrhage or tumour. This oedema zone of infarction resembles a
penumbra surrounding the moon in full eclipse. Because these
tissue changes are partly reversible, they are of considerable
therapeutic interest.
Two types of oedema can be differentiated and have proved
useful in distinguishing between various pathogenetic mechanisms and their sequelae (Klatzo 1967). The first type is
vasogenic oedema and is related to a disturbance of the BBB.
The second type of brain oedema is cytotoxic in nature. The
passage of ions and molecules of various sizes is controlled by
lipid soluble substances in the endothelial wall and by ionic
channels and active pumps like the sodium–potassium pump.
As a result of energy failure, the sodium–potassium membrane
adenosine triphosphatase (ATPase) pump is disrupted, followed by water accumulation within the cells due to an increase
in intracellular sodium and loss of potassium.
The increased brain volume leads to flattening of the gyri
(Fig. 19.55a) and compression of the ventricles. The ultimate
result of the space-occupying process is development of lateral
and then downward herniation, visible at several loci at the falx
cerebri (cingulate, or subfalcine herniation), the tentorium cerebelli (lateral, or uncal herniation), the thalamus/hypothalamus
(central, or diencephalic herniation, which may result in downward displacement and haemorrhage in the midbrain and
pontine tegmentum) and at the foramen magnum (tonsillar
herniation). A bilateral expanding supratentorial mass can
cause herniation-induced notches (Fig. 19.55b) as well as
haemorrhages of the uncal area. This in turn exerts downward
pressure on the medial part of the parahippocampal gyrus
towards and through the tentorial incisura. Herniation of the
parahippocampal gyrus creates narrowing of the midbrain
along its transverse axis and compression of the aqueduct.
An early and fatal complication of expanding masses in the
posterior cranial fossa is displacement of the cerebellar tonsils
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Figure 19.55 Gross autopsy findings of brain oedema: (a) flattening of the gyri, (b) uncal herniation, (c) notches of the cerebellar
tonsils, and (d) pontine haemorrhage secondary to intracranial pressure.

through the foramen magnum (Fig. 19.55c). This may also be
caused, however, by lesions occupying the supratentorial space.
Morphologically, the tips of the tonsils exhibit haemorrhagic
necrosis and grooving of the ventral surface of the medulla
where it impinges on the anterior border of the foramen
magnum. Both the fourth ventricle and aqueduct become compressed and displaced contralaterally. The expanding mass of
the brain leads to brainstem compression with bleeding within
the pons (Fig. 19.55d).

Hydrocephalus
Hydrocephalus is characterised by abnormal accumulation of
CSF within the cerebral ventricles and subarachnoid space. The
CNS of the average adult contains a CSF volume of approximately 120–140 mL. An increase of fluid, over time, induces
atrophy of the brain parenchyma and additional ventricular

enlargement. CSF is formed from the choroid plexus at a rate
that remains unchanged over a wide range of ICP values. The
subarachnoid space and ventricular system are connected via
the foramina of Luschka and Magendie in the basal cisterns and
is absorbed by the arachnoid villi.
External hydrocephalus ex vacuo involves diffuse loss of grey
or white matter that gives rise to external atrophy, with dilatation of the subarachnoid space. Diffuse loss of white matter can
cause expansion of the ventricular system, the so-called internal
hydrocephalus ex vacuo. Normal pressure hydrocephalus can
also result from a hydrocephalus ex vacuo, which is associated
with primary ventricular system enlargement caused by white
matter destruction. It is often found in victims of severe brain
injury, in alcoholics and in vascular disease patients with multiinfarct dementia or other types of progressive degenerative
brain disorders, especially age-dependent dementia. Among
the causes of obstructive hydrocephalus are mechanical brain
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injury (MBI), subarachnoid haematoma, meningitis, arachnoid
fibrosis, Arnold–Chiari malformation and inborn aqueductal
stenosis, which may lead to an obstruction of the connecting
foramina of Luschka and Magendie. A routine neuropathological examination reveals the following findings: external hydrocephalus exhibits dilation of the subarachnoid space, with no
increase in collagenous fibres or cellular elements, but an
increase in CSF. Internal hydrocephalus typically features macroscopically an enlarged ventricular system, and microscopically an interstitial oedema, disruption of the ependymal cells
lining the ventricle, and axonal destruction in the periventricular white matter. Proliferating astrocytes and/or gliosis replace
in part the interrupted ependymal cell line (glial nodules). In
chronic hydrocephalus with high pressure hydrocephalus, a
flattening of the gyral crests is seen. In addition, a small reactive
glial zone around the ventricular system may develop which can
be separated from the intact white matter at autopsy.

Tissue decay and reactivity
Necrosis
Necrosis (for review see Lindenberg 1982) is commonly used
to designate the death of tissue components. The most common
cause of necrosis is ischaemia. Other causes include mechanical
injury (contusion necrosis), toxic agents (e.g. by formic acid in
methyl alcohol), heat (thermocoagulation) or freezing (cryosurgery). Whereas transient ischaemia only destroys neurons
and oligodendrocytes (incomplete necrosis or selective neuronal necrosis, see Scholz 1953), prolonged ischaemia (‘infarction’) gives rise to complete necrosis of all tissue components.
Neuronal necrosis features irreversible changes of the cytoplasm (condensation, hydropic swelling, intense eosinophilia,
loss of structure, homogenisation) and of the nucleus (pyknosis, karyolysis, karyorrhexis). Necrotic tissue and cells always
attract neutrophils, macrophages and sometimes lymphocytes,
and can activate the scavenger function of macrophages for
elimination of myelin as well as cell debris. The infarcted area
induced by prolonged ischaemia displays macroscopically
evident pallor on H&E, Nissl and myelin staining within 3–5
hours as an indication of acidosis. A narrow halo of even greater
pallor surrounds the necrotic area as well as a perifocal oedema.
Neurons become thorny and severely shrunken within 12–36
hours, with darkly staining incrustation of their pericellular
structures.
A survival time of 12 hours leads to homogenisation of
the cytoplasm and nuclear and cytoplasmic pallor of neurons.
Between 36 and 48 hours, the neurons disappear except for total
the nuclei.
Within 1–2 hours the necrotic tissue is characterised by
an emigration of neutrophil leukocytes. Within 18 hours the
necrotic area exhibits extensive immigration and activation of
microglial cells along the infarct margin. Hypertrophic astrocytes appear along the border zone within the brain parenchyma after 3–6 days.

The infarct liquefies at its centre and macrophages phagocytose the debris. The final stage of cortical necrosis is termed
laminar necrosis associated with capillary proliferation, intense
gliosis and fibrosis during the final phase. The final stage of
ischaemic involvement of the white matter, basal ganglia and
thalamic nuclei is also cystic necrosis. Ischaemic damage of the
hippocampal area is characterised by segmental loss of neurons
in the hippocampal cortex associated with compensatory
microglial and astroglial activation.

Apoptosis
Apoptosis is the programmed death of a cell as regulated by
specific death genes (for review see Clarke 1998). It initiates a
delayed secondary death of neurons in response to environmental changes, deficient metabolic and trophic supply and an
altered gene transcription. About 4 hours after a traumatic
event, apoptosis begins, and remains demonstrable for about
3 days. The characteristic morphology of apoptosis exhibits
cleavage of the internucleosomal chromatin that can be identified in situ using the terminal deoxynucleotidyl transferase
2′-deoxyuridine, 5′-triphosphate (dUTP)-biotin nick endlabelling (TUNEL) method. Apoptosis causes pyknosis of the
nucleus, and condensation and shrinkage of the cell body. As it
progresses, budding and karyorrhexis occur, and ultimately a
breakup into clusters of apoptotic bodies. Reactive changes are
extreme and rarely detectable.

Axonal injury
Axonal injury (AI) is characterised by an interruption of axonal
flow. As a result of axonal damage due to ischaemia or MBI the
axons will swell and develop bulbs. Moreover, AI induces an
anterograde (Wallerian) and retrograde degeneration of the
injured axons. The terms ‘anterograde’ and ‘retrograde’ refer to
the direction of conduction of the nerve impulse along the axon
(i.e. the degeneration following focal damage proceeds in a
centrifugal or centripetal direction). The hindered anterograde
flow of proteins along the axon can cause the morphology of
AI (i.e. swelling of axons up to bulbs). This phenomenon was
once demonstrated by H&E stain and by silver staining techniques within 16–24 hours after a traumatic event. But since
injured axons are selectively characterised by expression of βAPP, it is now routinely confirmed within 105–180 minutes. It
is important to stress, that AI is a non-specific phenomenon
also associated with mechanical trauma, acute intoxication
or ischaemia. Moreover, there is a scientific discussion over
whether or not the ß-APP reactive axons are reversibly or irreversibly injured.
AI is detectable as a focal and a diffuse phenomenon: a focal
accumulation of AI is detectable in MBI as well as in ischaemia
caused by a regional arterial obstruction, while diffuse axonal
injury (DAI) is induced by global ischaemia and acceleration
induced brain injury.
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Regenerative capacity
It is accepted as common knowledge that plasticity-associated
molecular and structural events occur in the injured brain.
These are at least partly responsible for functional recovery.
Increases in dendritic arborisation, spine density and synaptogenesis in both peri-injury and intact cortical areas are the
potential morphological strategies that enable the brain to
reorganise its neuronal circuits. It is also accepted that both
retrograde degeneration and the axonal injury-induced bulbs
and swelling of the proximal axonal stump are markers
of a regeneration process. Neurons are capable of renewing
throughout life from endogenous stem cells, especially in the
hippocampus.

Inflammation
The brain itself is an immune organ, and the targets to be protected are neurons, axons, dendrites and myelin. In the absence
of protection these cells become necrotic or succumb to apoptosis, are phagocytosed and disappear. Astrocytes and microglial cells possess many immunological features marking them
as important immunoregulatory cells and hallmarks of CNS
inflammation.
The number and type of inflammatory cells in the CNS vary
widely depending on the attracting stimulus or on their inherent ability to attack a CNS antigen. Polymorphonuclear leukocytes (PMNs) are the first circulating leukocytes to reach the
site of injury and are capable of passing the BBB. The deleterious effect of neutrophil recruitment is the development of cerebral oedema as has also been shown in models of MBI. After
entering the CNS, the function of lymphocytes is to recognise
their antigen. Under inflammatory conditions, microglial and
perivascular cells constitute the chief antigen presenting cells.
Under pathological conditions monocytes emigrate into the
brain parenchyma, where their morphology and antigenic
characterisation both change. They now participate in the
immunological process as macrophages and express major histocompatibility (MHC) class II antigens.

19.3.2 Examination of the brain
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can be avoided by adding salt, which allows the brain to float
freely in the solution. The other possibility is to suspend the
brain using a string tied to the basilar artery.
The dura should first be inspected for lacerations, epidural
haemorrhages (EDH) or subdural haemorrhages (SDH) or
other findings. After weighting the brain, it is important to look
at the base of the brain to get an idea of the status of the vessels
and to notice if there are basal signs of brain swelling. In cases
of basal subarrachnoid haemorrhages, it is mandatory to
remove the unfixed coagulated blood to detect a ruptured aneurysm, otherwise an artificial rupture may be inflicted. CSF
should be removed for toxicological analysis prior to fixation
and can be drawn from the large basal cisterna or by lumbar
puncture through the intervertebral discs from the abdominal
cavity. For microbiological, virological and toxicological tests,
it is recommended to remove small parts of tissue from regions
without pathological findings like the occipital lobe.
For a professional neuropthological examination, it is of
utmost importance to standardise the processing. After weighting the formalin-fixed brain, the outer surface of the brain
should be described in detail, including the formalin-fixed
dura. The outer examination should focus especially on signs
of haemorrhages and brain swelling. Then, the brainstem
including the cerebellum is removed from the cerebrum. Afterwards, the brainstem is removed from both cerebellar hemispheres by cutting through the cerebellar peduncles. Both
cerebellar hemispheres are then sectioned in a parasagittal
plane. It is recommended to cut the cerebrum in about 0.5 cm
thick sections parallel to the forehead. Alternatively, the cerebrum can be cut parallel to a hat line, which is recommended
in cases of extensive putrefaction, because a transverse section
(compare with Flechsig) of the complete brain is the only
method to get any valuable information on the status of the
brain.
Postmortem imaging is gaining increasing importance
because continued technical improvements have increased the
sensitivity of imaging procedures. These techniques are increasingly in demand, because society is growing less tolerant
towards autopsy. Nevertheless, at the moment a forensic autopsy
is the ‘gold standard’, but imaging techniques provide valuable
supplementary information and biometric data in cases of
MBI. In addition, CT and MRI scans are very important for
biometric analysis and reconstruction and are extremely useful
for three-dimensional imaging of skull fractures.

Gross investigation of the central
nervous system

Microscopy

After removing the brain from the skull at autopsy, it should be
fixed in an ample quantity of 10% buffered formalin (10× of
brain volume) for 2–4 weeks, prior to the neuropathological
examination. If the brain is examined fresh, about half of the
lesions will be missed compromising the reconstruction of
pathophysiological alterations that may have lead to injury or
even death as well as reconstruction of the course of action.
Generation of morphological artifacts in the formalin solution

For a microscopic investigation it is recommended to standardise this procedure. As indicated in Fig. 19.56 specific topographical regions from each brain should be taken in routine
investigations. These regions include a block of the cleft between
first and second gyrus (1 in Fig. 19.56), the putmamen and
globus pallidus (2), the thalamus (3), the left (4) and right (5)
hippocampus, the corpus callosum (6), the cerebellum (7), the
pons (8) and the medulla (9). In case of disease or gross lesions
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Figure 19.56 The different topographical regions of the human brain included in a routine microscopic examination in forensic
neuropathology. It is necessary to analyse the cleft between the first and second gyrus (1), the putmamen and globus pallidus (2), the
thalamus (3), the left (4) and right (5) hippocampus, the corpus callosum (6), the cerebellum (7), the pons (8) and the medulla (9).

additional blocks should be collected. It is always necessary to
examine one edge of the injury as well as intact adjacent tissue.
The paraffin embedding procedure of the selected blocks
must avoid rapid dehydration or overheating of paraffin, which
can induce artificial shrinking of the neuropil and cells. For the
examination, paraffin embedded tissue blocks are cut in about
5 μm thick pieces and transferred to glass slides. For routine
investigations, the tissue is stained with H&E. To answer specialised forensic questions, it is often necessary to identify distinctive structures or cell types. Table 19.2 gives an overview of
the routine staining techniques, histochemical methods or
immunohistochemical techniques which obtain the best results
in identifying a certain structure.

19.3.3 Examination of the spinal cord and
cervical spine
In cases of blunt injury to the head, global permanent ischaemia
or suspected shaken baby syndrome (SBS) it is recommended
to investigate the cervical spine including the occipitocervical
junction to get additional information regarding the cause of

death. The removed cervical spine is completely fixed in formalin for 2–4 weeks. After fixation, it is sawed along the midline
in a sagittal direction. Vertebral bodies and vertebral discs are
evaluated for fractures, haemorrhages or luxations (e.g. in cases
of hanging). For the detection of dural haemorrhages, the
spinal cord and the dura are removed. The soft tissue including
the spinal cord should be investigated regarding haemorrhages,
scarring, necrosis or cord compression.
For the examination of the whole spinal cord, the spine
should be removed either anterior or posterior as is practised
in routine pathology. Following fixation, the examination
should begin with an inspection of the outer surface of the cord
including coverings.
The cervical cord and spinal cord are then cut in transversal
planes and 0.5 cm thick pieces are carefully investigated. If gross
findings are detected, a microscopic examination has to follow.
In some cases of normal gross findings, a microscopic analysis
can give additional information on axonal injury, cell reactions,
demyelation and so on. A comprehensive examination enables
the neuropathologist to answer questions especially regarding
vitality of inflicted lacerations or time point of the cervical
alterations.
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Table 19.2 Routine staining methods and immunohistochemistry methods for the detection of different cells and structures
in forensic neuropathology.
Target

Routine methods

Immunohistochemistry

Neuron

Cresyl violet, Nissl staining

Neuron-specific enolase (NSE)

Neurons

Cresyl violet

Axons (normal)
     (pathology)

Silver techniques

Neurofilament protein (NFP)
β-amyloid precursor protein (βAPP)

Dendrites
Myelin

Microtubule-associated protein (MAP II)
Luxol fast blue

Myelin basic protein (MBP)

Synapses

Synaptophysin

Astrocytes

Silver techniques

Glial fibrillary acidic protein (GFAP)
Vimentin
S100 protein

Glial fibres

Silver technique

Oligodendrocyte

Silver technique

RIP (2′,3′-cyclic nucleotide
3′-phosphodiesterase (CNPase))
Carbonic anhydrase II (CA II)

Microglia (normal)
      (pathology)

Silver technique

F4/80
CD68

Endothelial cells

Factor VIII

Reticulin fibres

Silver technique

Polymorphonuclear leukocytes (PMNs)

Naphtol-AS-D-chloracetate esterase

19.3.4 Mechanical injury of the head
and spine
Basic principles
Physical trauma
Physical trauma means damage inflicted to tissue by an external
force. Damage of the brain due to an impact of the head is differentiated according to whether the injury is penetrating or
non-penetrating, and the result is called open or closed craniocerebral injury.
A closed brain injury is characterised by an intact dura mater;
in contrast, an open brain injury is usually characterised by a
laceration of skin and dura mater. Penetrating brain injury is
caused by bullets or other flying objects, by sharp or pointed
implements or bar-like weapons. Closed brain injury results
from the impact suffered in traffic or sports accidents, falls or
explosions, from violent blows delivered by hands and feet/shoes,
weapons or objects falling on the head. With regard to their
possible consequences, mechanical injuries of the coverings, for
example injuries of the scalp, skull, dura and leptomeninges,
must be distinguished from injuries of the brain parenchyma.
Whereas scalp injuries entail the risk of complicated wound
healing processes, which may prove fatal if secondary bacterial
infection reaches intracranial structures, skull injuries involving
bone fractures and/or bleeding can lead to space-occupying

processes with shifting of the brain and/or herniation, sometimes accompanied by brainstem haemorrhage.
A distinction must also be made between trauma caused by
local impact (contact force) and trauma associated with head
motion (i.e. with acceleration, deceleration and rotational
movements (non-contact or inertial force)). Impact-induced
injuries of the brain are commonly associated with cortical
haemorrhages on the side of impact (homolateral = ‘coup’ contusion injuries) and/or focal haemorrhages on the opposite
side (misleadingly called ‘contrecoup’ contusion injuries),
both known as ‘contusion’ or ‘contusional haemorrhage’ as well.
Coup and contralateral cortical haemorrhages are characterised
pathologically by pericapillar cortical haemorrhages.
Injuries of the dura and leptomeninges may be associated
with both impact and inertial forces. Distinction must be made
between focal and diffuse brain injuries, as well as between
primary mechanical injury and secondary changes, especially
hypoxia, ischaemia and brain oedema. Last but not least, we
have to classify mechanical spinal cord injury according to the
same criteria as mechanical head injury.

Types of mechanical head injury
The following types of morphological changes can be observed
following injuries to the head and brain. Deformation of bones
of the skull is caused by a fall or blow to the head. Depending on
the velocity, mass, contact area and hardness of the impacting
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object, there may be perforation fractures, depressed fractures,
linear fractures or skull deformation without fracture.
Skull fracture is a contact injury. If the impact involves a
small area of contact releasing a large amount of energy, the
result may commonly be a perforation fracture or depressed
skull fracture. Alternatively, linear fractures are observed, if the
contact involves a large surface area. Linear skull fractures are
usually caused by falls and not by blows.
If tissue is pulled, drawn or stretched beyond its tolerable
limits, strain or tension injury results. Shearing forces are
created when part of the brain moves at a different speed or
angle than surrounding tissues. The consequence will be DAI
and petechial haemorrhages, which can be demonstrated by
light microscopy. Torsional stress is created when one part of
an object is twisted in one direction while another part remains
motionless or is twisted in another direction. The result will be
parenchymal laceration and haemorrhage such as gliding contusional injuries, both of which can be demonstrated at autopsy.
An acute stopping of a moving head by striking the ground or
a rapid impact of sufficient intensity leads to contusional haemorrhages caused by temporary high pressure at the pole of
impact and negative pressure at the region opposite to the
impact. If this negative pressure vanishes, collapsing gas bubbles
within blood produce vessel damages and focal cortical haemorrhages (cavitation theory, see Sellier and Unterharnscheidt
1963).
Lacerations are actual tears, not only in the cortex but also
in the white matter. Gliding contusional injuries of the white
matter occur on the superior surfaces of the cerebral hemispheres, especially in the first parietal gyrus, when the medial
parts of the temporal lobes are impacted against the dura mater
and the cerebellum against the foramen magnum at the time
of injury. This type of wounding is commonly caused by the
shearing forces generated by acceleration.
Diffuse axonal injury and the accompanying tissue tear
haemorrhages are considered to be due to high levels of global
shear and tensile strains as well as strain rates as a result of rota
tional and translational head acceleration. These accelerationinduced tissue strains are associated with local brain displacements within the deep white matter measured by Hardy et al.
(2001) and calculated by Kleiven and Hardy (2002). DAI is
biomechanically characterised by a non-contact trauma caused
by inertial forces as a result of abrupt cranial deceleration or
sudden angular motion of the head. DAI usually requires ‘rotational’ acceleration of the brain. Focal axonal injury is also
detectable in ischaemic injury. Ischaemic (vascular) AI is to be
distinguished from traumatic AI: while vascular AI exhibits a
zig-zag, wavy or focal pattern of ß-APP reactive neurons, traumatic AI reveals a local diffusely scattered pattern or groups of
AI along the axis of the axon.

Secondary lesions
All of the above-mentioned primary injuries are capable of
giving rise to secondary lesions, the most common being brain

swelling and ischaemia; both may lead to herniation. The consequence of an intracranial space-occupying cortical haemorrhage and/or an oedema-induced intracranial increase in
volume due to general or perifocal oedema or hypoxic/
ischaemic oedema is displacement of the brain parenchyma in
a caudal direction. Space-occupying processes as supratentorial
haemorrhages, either subdural or epidural, may cause central
transtentorial herniation. Such lesions displace the cerebral
hemispheres and basal nuclei downward, pushing the diencephalon and adjacent midbrain through the tentorial notch.
Uncal herniation (see Fig. 19.55b) results from lesions expanding in the lateral middle fossa or temporal lobe, displacing the
medial edge of the uncus and hippocampal gyrus medially and
over the ipsilateral edge of the tentorium cerebelli. Compression of the midbrain occurs, as well as compression or stretching of the contralateral or ipsilateral third cranial nerve. In its
classic form, uncal herniation syndrome entails compression of
the posterior cerebral artery and ipsilateral cerebral peduncle
and stretching of the ipsilateral oculomotor nerve. The resulting symptoms include contralateral hemiparesis, and a dilated
ipsilateral pupil that does not react to light.
Compression of the opposite cerebral peduncle against the
contralateral edge of the tentorium (Kernohan’s notch) will
induce hemiplegia ipsilateral to the mass lesion. Such secondary
changes, which are common for all types of intracranial spaceoccupying processes, can produce focal haemorrhages in the
corpus callosum, cingulate gyri, hippocampal gyrus and brainstem. Tonsillar herniation is caused by compression of the cerebellar tonsils into the foramen magnum. This is sometimes
associated with brainstem compression with secondary bleeding within the midbrain or pons (see Fig. 19.55d).
The brain itself can be affected secondarily without suffering
primary injury: mechanical injury to other organs can induce
a generalised hypoxia/ischaemia with hypovolaemic shock or
transient asystole. The brain is also susceptible to the sequelae
of cerebral fat embolism, pulmonary embolism, and so on.
Mechanical trauma to the CNS entails a threat of secondary
injury to all vital organs, the loss of function of which can lead
to death. The consequences of a secondary focal or global
ischaemia are described in Chapter 33.
Fracture of the base of the skull entails a risk of haemorrhage
and vomiting; aspiration of the vomit or blood can lead to
asphyxiation. This is especially likely if the victim is comatose
and unable to swallow.

Forensic aspects
Brain injuries may be caused by a violent impact to the head.
The head strikes or is struck by an object, for example by falling
to the ground, being thrown against the dashboard of a car or
by receiving a hammer blow. The resulting mechanical loading
of the head and the resulting contact and inertial forces to the
brain induce local near and remote strains and local and global
movements generating vascular and brain tissue damage,
causing focal and diffuse brain injuries (Gennarelli and Meaney
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1996). Therefore, two different mechanisms are to be distinguished as follows.
Impact injury leads to local effects resulting from contact
between the head and an object. The inflicted damage includes
abrasion, contusion and laceration of the scalp, skull fracture,
epidural haematoma, subdural haematoma and cortical
haemorrhages.
Acceleration injury results in intracranial pressure gradients,
shearing and tensile forces to the brain and exhibits SDH, subarachnoid haemorrhage (SAH), intracerebral haemorrhage,
gliding contusion injury, DAI and cavitation.
If mechanical head injury is followed by death of the victim,
the precise cause of death has to be determined and/or whether
there was a causal link between the traumatic event, the brain
injury and the death. In general, (minor) brain haemorrhage
is not invariably lethal and should not be indiscriminately
regarded as responsible for a death if found postmortem. Even
a depressed fracture will not always lead directly to death or to
neurological deficits. The brain injury itself must be severe
enough to explain the death from the external event; if it is not,
another cause of death must be sought.
The causal link may be difficult to establish in cases with
pre-existent diseases like atherosclerosis, cardiac decompensation and so on, as well as in cases with a long survival period.
Decisions can be made possible by a detailed analysis of the
clinical history as well as the injuries and careful scrutiny of
information on the period after the traumatic event including
therapy.
The extent of secondary changes (e.g. oedema, haemorrhage, ischaemia, thrombosis, embolism), occurring after
impact are partly dependent upon time of survival. These alterations may in turn induce further acceleration of changes
(oedema, haemorrhages, hypoxia, anoxia, acidosis, embolism).
A neural shock – especially spinal shock – must also be considered as a possible cause of death. The severity of an injury to
the CNS thus depends not only on the strength of the external
force, but also on other factors. These include the victim’s age
and/or chronic diseases, the ambient temperature, chemical
influences (e.g. drugs and alcohol), injuries to other organs (e.g.
cardiorespiratory trauma) and the clinical sequelae.

Blunt injury of the scalp
Injury to the scalp, and the face are usually caused by contact
forces. Due to its high mechanical stability, the scalp is able to
dissipate much of the energy released by the mechanical force
of an impact. Haematomas, abrasions and lacerations of the
scalp are indicators of the location, severity and number of
impacts to the head, as well as of the shape and type of impacting object. A single scalp injury, however, may lead to fatal
bleeding under special conditions. In contrast, open scalp
wounds entail a risk of bacterial infection that may spread
into the intracranial cavity and cause intracranial abscess or
meningitis.
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Figure 19.57 Rule of thumb: a scalp injury located above the
line of the hat brim, is probably caused by a blow; a scalp injury
below that line is probably due to a fall.

Cerebral trauma is nearly always accompanied by injury to
the skin and soft tissue of the face or scalp. As a rule, any visible
injury to the head (haemorrhage, laceration) is a marker of a
traumatic event and may be suspected to lead to immediate or
delayed functional disturbance of the brain. Therefore, in cases
of suspected MBI at autopsy, the hair must be carefully shaved
to expose the scalp for careful examination and documentation;
the facial skin must be carefully dissected. In regard to localisation of scalp injuries, the following rule may be applied for an
upright person: a scalp injury located above the line of the hat
brim (i.e. towards the top of the head), is probably caused by a
blow, and a scalp injury situated below the hat brim is probably
due to a fall on an unwrinkled or smooth plane (Fig. 19.57).
Abrasion wounds caused by impacts perpendicular to the
scalp often leave imprints that can provide evidence of the type
of weapon used. In cases of falls, the imprints may point to the
nature of the object/surface struck. Additional abrasions may
also be found on the scalp opposite the site of impact if the
head has been pressed forcefully against the ground or other
object.
Contusion injury marked by pronounced swelling, a pressure mark and/or a subcutaneous haemorrhage occurs at the
site of impact. The swelling is due to oedema and/or bleeding
within the subcutaneous tissue and sometimes beneath the
aponeurosis. If the force of the impact is sufficient, all layers of
the scalp may be affected. At the area of impact, the scalp shifts
in relation to the surface of the skull or galea. The movement
may cause tearing of connecting blood vessels in the scalp and
between the scalp and the skull, resulting in a subcutaneous or
subgaleal haematoma associated with an apparent laceration
and/or bruising wound of the scalp. The severity of bleeding
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depends largely on the intensity of impact and the type of lacerated vessel and may involve isolated epidermal bleeding, subcutaneous bleeding or bleeding within all the layers of the scalp.
Laceration wounds of the scalp generally exhibit a part or
total separation of tissue continuity surrounded by a zone of
bruised tissue. The laceration injury may be linear, stellate or
Y-shaped. The tear may either penetrate some or all of the layers
of the scalp. Acute angled or tangential bruising may cause
partial avulsion of the scalp. Bleeding from a laceration wound
is diffuse and if prolonged it may culminate in fatal haemorrhagic shock. In most cases, the different types of wounds are
combined because of the different forces which likewise influence the biomechanics of the scalp wounding.
Pulling of the hair or shearing forces applied to the scalp
may detach the scalp from the skull, which is termed avulsion
injury. If the hair is pulled from behind, the skin in front will
tear first, if pulled from the front, the occipital region tears first.
If the hair on the top of the head is pulled, the skin will yield
at the vertex and tear above the ears.

Fractures of the skull
Compact bone is more rigid than trabecular bone and can
withstand greater pressure, but less tension stress. Trabecular
bone is more elastic and is well able to store and release energy.
Skull fractures are the morphological result of contact violence,
and only exceptionally of non-contact forces. Direct forces generated by local impact can cause cranial fractures, or, if they
affect the base of the skull, basal skull fractures. Indirect forces
released by a bullet can produce burst or teardrop fractures via
the transfer of energy.

Differences in fracture morphology can be attributed to differences in the underlying biomechanics. In the case of a blow
or a fall of an upright person on the ground, impact induces
strains and deformations to the skull. If the impact energy
exceeds the elastic deformation capacity of the skull, fractures
will be produced. Local fractures close to the impact point are
called direct fractures, the global ones, remote from the impact
area, are called secondary or indirect fractures. A fracture always
starts (perpendicular to surface) on the bending-tension side
and extends asymptotically to the bending-pressure side. Therefore bending fracture lines at the inner and outer compact layer
are systematically displaced to each other. In skull loads by
blunt impact, bending is always a locally induced mechanism
at and around the contact area. If the area is small (<13 cm2),
it predominantly leads to penetration and depressed fractures.
If the contact area is large (>13 cm2) a perforation of the skull
rarely occurs. Since the formation and propagation of fracture
occurs perpendicularly to the local tensile strain direction, the
typical outward appearance of bursting fracture is linear and
finely jagged, exceeding radially from the impact region and/or
extending far from it, while the fracture lines of the bending
fractures normally are arched and smooth, circularly surrounding the contact area.
According to their anatomical location, specific form and
mechanism of generation, specific types of fractures are
observed. Linear calvarial fractures are bursting fractures resulting from stress distributed over the entire cranial vault. The
skull cap is deformed as a whole and fractures as a whole,
usually just exceeding, but remote from the impact region. Longitudinal compressing loads induce transverse tension and
therefore longitudinal fractures (Fig. 19.58a), just as transversal

Figure 19.58 (a) A longitudinal basal skull fracture is the result of a load on the longitudinal axis. (b) A transverse basal skull fracture
is the result of a load on the transverse axis.
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large blunt impacts, produce transverse burst fractures (Fig.
19.58b). Bursting of the cranial vault as a way to reduce induced
tension stress may also lead to diastasis of suture lines even at
a distance from the point of impact. Depressed fractures are
direct bending fractures and result from the local impact of a
blunt object to a small area of contact like a blow with a
hammer.
If the energy of a blow is low and exceeds just the local
capacity of elastic deformation, the outer table is bent inwardly,
and a dent fracture results as a superficial indentation of the
outer table. The inner table is bent inwardly as well and tears.
With increased impact energy there results a depressed fracture
with a dislocated, impressed area of the outer compact layer,
frequently formed by the impacting instrument, surrounded by
closely parallel fracture lines at the border region, which are
called stair-step fractures. Comminuted fractures are formed at
the inner table, and a splinter pyramid always results, which
projects into the interior of the skull, usually perforating the
dura and penetrating into the subjacent brain. In instances of
high energy impact and a small instrument, the injuring object
perforates the skull completely. Since a two-dimensional bend
ing fracture spreads out in a funnel shape from the exterior to
the interior of the skull, a cone-like fragment is punched out
and propelled into the brain. This leads to a hole in the skull,
shaped like the perforating instrument. Fractures like these are
called penetration fractures or hole fractures.
Combined fractures are fracture systems consisting of
combined bending and bursting, direct and indirect, near and
remote fractures. If energy remains after local absorption has
produced a bending or depressed fracture, this residual energy
will be exhausted in the generation of circular bending fractures
around the impacted area and linear burst fractures radiating
in a star-like fashion from the centre. The result is a fracture
system called spider’s web fracture (Fig. 19.59). A SAH and a

Figure 19.59 Spider’s web fracture of the skull as a result of
combined bending and bursting.
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laceration of the brain structures beneath the contact area will
be the result of this fracture system. If there are several impacts,
the fracture systems might form a network, and according to
Puppe’s rule the later fractures will not cross the earlier ones
but will terminate at the earlier ones, a reliable indication that
the latter preceded the former (Fig. 19.60).
Basilar skull fractures are normally bursting fractures, and
the causal mechanisms are the same as in linear calvarial fractures. The causal load can be a fall to the ground or being driven
over by the wheel of a vehicle, a blunt impact to the neck, mandibular or facial impact, or an impact to parts of the occipital
area and almost any type of diffuse impact to the vertex of the
head. Whereas, a sagittal fracture at the base of the skull is the
result of a load on the longitudinal axis, a load on the transverse
axis gives rise to a transverse fracture (see Fig. 19.58a, b). A
transversal basilar fracture which involves the petrous bone
frequently leads to bleeding from the external auditory canal
and can be manifested by this symptom.
A basilar fracture of specific form and generation is the
basilar skull ring fracture around the foramen magnum, which
is created by axial tension or pressure as a local response resulting from contact or non-contact loading. The contact may be
a mandibular impact or striking the ground with the top of the
head. As non-contact loading may be an acceleration of the
head away from the restrained body or striking the ground with
the lower end of the spinal column, for example by fall from a
height.

Dural haemorrhages
Dural haemorrhages can be induced by both contact and noncontact loading. An isolated dural haemorrhage resulting from
external mechanical force is not invariably accompanied by
additional direct injury to the brain, especially if the haemorrhagic source is not cortical. If there is a gradual displacement
of the brain caused by space-occupying bleeding, secondary

Figure 19.60 Puppe’s rule: in the cases of two or more impacts
of the skull, the later fractures will not cross the earlier ones but
will terminate at the earlier ones.
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Figure 19.61 Acute epidural haemorrhage.
Figure 19.62 Acute subdural haemorrhage.

clinical symptoms will be delayed (i.e. occur after a symptomfree (lucid) interval), the length of the delay depending on the
rate and amount of bleeding. Dural haemorrhages are characterised by a clot on the outside (i.e. EDH), or inner side of the
dura mater (i.e. SDH), both are often associated with an accompanying discrete or distinct SAH. In most cases, an associated
intradural haemorrhage will be observed as well as red blood
cells (and siderophages) within the Pacchionian bodies.

Epidural haemorrhage
EDH is defined as bleeding between the skull and the dura
mater (Fig. 19.61). The haemorrhage attaches tightly to the
skull and dura mater at the borders of the sutures and has a
lenticular, convex appearance in CT scans. The volume of blood
varies greatly, but amounts to at least 100 mL in most fatal cases.
EDH is caused by local impact loading of the head and is nearly
always associated with contact injury and often with skull fractures. The incidence of EDH is 20 times higher in cases with
skull fracture than in cases without fracture (Auer et al. 1989).
EDH usually involves arterial bleeding (>50%) and arises from
injury to the middle meningeal artery and its branches near the
impact site. In a typical case, EDH occurs when a fracture
crosses the middle meningeal artery, which adheres tightly to
the inner surface of the temporal bone. Edges of fractured bone
can cause laceration of underlying dural arteries and, less frequently, veins. If a parenchymal lesion does occur, it may
produce a concomitant SDH. If the mechanical loading does
not induce immediate central nervous symptoms, the lucid
interval between the generation of injury and appearance of the
first clinical symptoms is commonly shorter than for SDH, in
most cases lasting not more than a few hours (delayed EDH).
In up to 30% of the cases the interval can last up to days (Poon
et al. 1992).

Although primary mechanically induced intracerebral haemorrhage involving the brain parenchyma rarely occurs, DAI is
often seen in the brain parenchyma, especially in the corpus
callosum and brainstem, sometimes without attendant haemorrhage. A space-occupying EDH will displace the brain resulting
in compression of the brainstem (herniation syndrome).
Prognosis of EDH depends on the interval between onset of
the space-occupying induced cerebral compression and the
beginning of surgical decompression; this means that timely
diagnosis and treatment are essential to a favourable prognosis.
The patient’s life can only be saved by early surgical decompression. The mortality of EDH is high because even early surgical
intervention does not guarantee the patient’s survival or complete recovery.

Subdural haemorrhage
SDH is defined as bleeding into the space between the dura and
the arachnoid mater (Fig. 19.62). The morphological picture is
dominated by the intracranial shift of brain tissue and oedema,
usually becoming apparent in the contralateral hemisphere
through obliteration of the gyral sulci and flattening of the
gyral crests. SDH can occur bilaterally or unilaterally, in isolation or in combination with skull fractures, with or without
cortical haemorrhages.
Most SDHs are located over the cerebral convexities, associated with cortical haemorrhages, and result from tearing and
stretching of the parasagittal bridging veins (Krauland 1961),
that drain the surface of the cerebral hemispheres and the CSF
into the dural venous sinuses. According to Krauland (1982),
the sources of SDH are cortical haemorrhage (contusion injury)
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(60–70%), a tear in a bridging vein (2.5–20%), arterial injury
(cortical part of the middle cerebral artery, 2.5–10%) and sinusoidal injury (4–9%). In 4–11% of cases, the source cannot be
found, either because there is no visible accompanying local
SAH or because the traumatic event was inflicted long ago and
clear signs of the source are not detectable due to scarring of
the tissue.
Subdural haemorrhage is 3–5 times as common as EDH.
Acute, subacute and chronic courses can be differentiated clinically and morphologically. Special forms of SDH are haemorrhagic internal pachymeningitis and subdural hygroma.
Fresh coagulated blood between the arachnoid and dura
mater is characteristic of acute SDH and can be diagnosed by
clinicians or pathologists in the first 3 days following the traumatic event. The loosely coagulated blood drains off at autopsy,
leaving no – or only minimal – visible residues on the inner
surface of the dura and brain after formalin fixation. An SAH
and/or displacement of the cerebrum with unilateral flattening
of the hemispheres are present in most cases. An SAH is defined
as bleeding within the subarachnoid space. A rapidly developing SDH becomes life threatening in adults once its volume has
attained 50 mL (Di Maio and Di Maio 2001).
Most cases of SDH are accompanied by laceration and/or
contusion injuries of the cerebral cortex. The ruptured vessel
can be detected in some cases of acute or even subacute SDH.
On removal of the brain, an operating microscope and contrasting agents or dye may be applied for demonstration of the
vessel’s rupture. The site of a venous (or arterial) rupture often
exhibits small focal SAH, which should be examined microscopically to confirm (or exclude) primary vascular disease,
especially if non-accidental injury is suspected. A concomitant
old SDH (chronic SDH; see below) is often found, especially if
the victim was an alcoholic, an elderly person or in cases of SBS
(see Chapter 37). Spontaneous or mechanically induced
rebleeding into an old SDH is common.
If the SDH develops slowly (subacute SDH) – within >48–72
hours and <3 weeks – a considerably larger volume of blood
can be tolerated. Chronic SDH is characterised by a clearly
delineated collection of clot between the dura mater and arachnoid. The morphology, which is largely characterised by resorption and organisation, varies according to the survival time. It
requires a survival time of about 3 weeks or more to develop.
It expands very gradually due to successive bleeding, so that
clinical symptoms develop very slowly. The SDH is typically
encapsulated by a neomembrane formed by the inner part of
the dura mater. In the elderly, chronic SDH can present diagnostic problems. The brain atrophy often associated with
advanced age is a well-recognised factor facilitating development of SDH. Chronic SDH is often not suspected in elderly
patients, because the neurological symptoms are delayed, they
progress slowly and may closely mimic cerebrovascular disease.
A variant of chronic SDH in the elderly is the so-called ‘internal
haemorrhagic pachymeningitis’, which is often associated with
mild MBI and almost always develops bilaterally. Atrophy of the
brain may contribute to the aetiology as the space-occupying

295

lesion expands between the dura mater and arachnoid. Morphologically, the surface of the brain and the inner aspect of
the dura display up a few centimetre thick, often rust-coloured
haematoma.
Spontaneous SDH is often also associated with coagulation
disorders and with anticoagulation therapy. A (secondary) SDH
may result from the rupture of a cerebral arterial aneurysm or
an intracerebral angioma into the subdural space. Recurrent
‘spontaneous’ SDH has been observed (Matsuyama et al. 1997)
and is arterial in origin. In these cases, a compromised vessel
tears spontaneously, often caused by a hypertensive peak in
blood pressure or pre-existing damage to an arterial wall.

Biomechanics of subdural haemorrhage Biomechanical conditions sufficient to cause SDH can be generated by a blow or
fall. About 30% of all cases of SDH involve isolated SDH
without associated skull fracture or cortical haemorrhages, generally caused by acceleration (Gennarelli and Thibault 1982) or
blow. A blow to the chin can induce rotational movement sufficient to cause tears of the bridging veins and/or cortical and
basal arteries. The resulting SDH may be bilateral or may occur
on the same or contralateral side of the impact. If angular
acceleration is low and of long duration, as happens in traffic
accidents, strains are propagated deep within the brain and
cause DAI. Increased acceleration can result in acute SDH combined with DAI and torn-tissue haemorrhages. Such acceleration can be produced by falls in which the head strikes a hard
surface or a blow. Rotation is most likely to cause tearing of
the bridging veins along a transverse or diagonal–frontal axis,
the greatest displacement of the skull relative to the brain
occurring along the midline. If there is rotation around the
vertical axis, which is often associated with translational acceleration, the brain is displaced against the skull in the parietal
region, injuring the cortical arteries and inducing parietal cortical haemorrhages.

Diagnosis Every impact of the head includes the risk of SDH,
even if there are no primary neurological symptoms. Even a
minor blunt impact to the head entails a risk of SDH. This
applies especially to people with external brain atrophy (i.e. the
elderly and chronic alcoholics), who also tend to suffer from
additional coagulation disturbances secondary to alcoholic
liver disease. Therefore, clinically the differential diagnosis of
an apparently age-related organic psychosyndrome in the
elderly must include SDH. Homeless people in poor physical
condition and reeking of alcohol are at particular risk for misdiagnosis. In cases of acute exacerbated disorientation and confusion, a careful physical examination is mandatory, which
includes a careful inspection of the scalp for a haematoma
which, if found, is an indication for early cranial CT (CCT).
The overlooked blow or fall-induced haematoma of the scalp
may be discovered at autopsy. A clinically overlooked SDH or
a late clinical diagnosis may lead to fatal consequences.
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Table 19.3 Time course of microscopic findings in cases of of contusional haemorrhages.
Observation period

Estimated limits of
confidence (Clopper
and Pearson 1934)
(expressed in %)

Distribution-free
tolerance intervals
with 95% reliability
(expressed in %)

Histomorphological
alterations

First
appearance

Last
appearance

Relative frequency
of the observation
(expressed in %)

Red blood cells (RBC)

0 min

4 months

82.3–91.5

87.39

97.6

Polymorphonuclear
leukocytes

2.5 h

1 month 12
days

34.0–47.3

40.54

94.8

Macrophages

12 h

30 years

84.3–92.9

89.19

97.6

Erythrocyte-containing
macrophages

20 h

1 month 2
days

66.5–78.6

72.85

97.1

Siderin-containing
macrophages

3 days 7 h

30 years

65.5–77.8

71.95

97.1

Fibroblasts

5 days

28 years

61.9–74.5

68.47

96.9

Collagenous fibres

5 days

30 years

61.9–74.5

68.47

96.9

Membrane formation

5 days

30 years

51.8–65.1

58.56

96.4

Endothelproliferation

5 days

6 years

53.4–66.7

60.18

96.5

Haematoidin

9 days

7 months
25 days

10.5–20.2

14.86

86.4

Estimating post-traumatic survival time of subdural haemorrhage The time course of morphological alterations is difficult to assess. Krauland (1982) points out that since recurrent
bleeding is more the rule than the exception, examination of
the dural haemorrhage alone can lead to a false impression.
However, there are specific morphological alterations, which
may help estimate the time point when the injury was inflicted.
The brain itself is commonly characterised by a space consuming haemorrhage and an intense oedema. The cytological
reaction to the SDH as well as cytological reactions in the associated SAHs and cutaneous haemorrhages, lacerations or
trauma associated bruises will give evidence of the time course.
Moreover, signs of AI are nearly always detectable in cases with
survival time of at least 105–180 minutes, which will give additional evidence of the timetable of survival interval (Oehmichen et al. 1999).
A detailed time-dependent morphological pattern for dating
SDH was presented by Walter et al. (2009). A modified version
of the timetable is reproduced on Table 19.3. The applied data
allow additional statistical information. Briefly, the time course
of subdural haematomas is characterised by a blood cell reaction and a scarring process by fibroblast and endothelial proliferation and collagen fibre synthesis. The very first reactive
process will be the emigration of PMNs followed by a macrophage reaction, which phagocytose red blood cells and digest
them. Intracytoplasmic siderin will be the final residue of this
type of scavenger function. The subsequent mesenchymal reaction is characterised by proliferating fibroblasts and their synthesis of an extracellular matrix (i.e. collagen fibres). In addition,
endothelial cells proliferate leading to an increasing vasculature

of the haematoma with thin-walled giant vessels which may
explain the rebleeding phenomenon in subdural haematomas.
Two additional methods for estimation of survival time
exist:
1. Morphological alterations of haematomas detectable by
MRI due to differences in signal intensity have been
reported (Mori 1991).
2. The examination of the alcohol concentration (AC) in the
dural haematomas in comparison with the peripheral
blood will be of special diagnostic value. The AC can give
evidence of the time course of the bleeding process and the
dying process. In a given case, the blood AC was 0.05‰ at
the time of death, the concentration in the SDH was 0.42‰
and the concentration of an additional EDH 1.00‰. These
differences allow the determination of a time course of the
pathological alterations around the fatal process.

Injuries of intracranial vessels
Intracranially located vessels include extracerebral vessels like
the large basal arterial vessels, internal carotids and the intracranial portions of the vertebral arteries. They also include the
(venous) vessels of the arachnoidea, dura mater and the venous
sinus at the base of the skull. Whereas the literature describes
only a few cases of rupture of the intact large arteries at the base
of the brain, ruptures of superficial vessels in the leptomeninges, especially veins, are more common in MBI. As a consequence of an angular acceleration, an injury of intracranial
vessels with resulting SAH occurs. While positive or negative
pressures resulting from differences in the pressures within and
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outside the vessel walls lead to a longitudinal rupture, a longitudinal traction of vessel walls causes a transverse rupture
(Unterharnscheidt 1993b).
In cases of presumed trauma and a basal haemorrhage, the
large basal arteries should be carefully prepared. An important
forensic question arises if a ruptured aneurysm is detected at
autopsy after a violent assault: is the traumatic event a consequence of a spontaneous ruptured aneurysm or is the rupture
of the aneurysm the consequence of the traumatic event? To
ensure disclosure of vessel tears, the arterial vessels must be
dissected using a microscope or magnifying glass at autopsy
(and not on the formalin fixed brain). If a comprehensive
microscopy of the vessel walls has been performed, one has to
decide on the basis of the individual case if spontaneous rupture
caused the trauma or the other way round.
In rare cases, rotation-induced and/or acceleration-induced
changes in tissue pressure, tension or shearing forces in association with an increase in intravascular arterial pressure can cause
tearing of intact vessels within the arterial circle of Willis. To
establish a forensically relevant causal link between an impact
and the bleeding, it is particularly important to demonstrate
the temporal coincidence of the traumatic event, acute loss of
consciousness and basal bleeding. Even if no vessel tear can be
found in cases of basal SAH, the time coincidence of impact
and symptoms will establish the causality.
From the forensic point of view, the question may arise
whether a potential perpetrator could have foreseen that the
violent assault could result in rupture of an intact artery at the
base of the brain or within the brain. Since even massive
extreme forces seldom induce injury of the basal arteries, the
question must be answered in most cases with a definitive ‘no’
and the fatality classified as an ‘accidental’ death.

Mechanically induced alterations of the
vessel wall
A mechanically induced aneurysm may be inflicted by a traumatic event leading to an injury extending throughout the
vessel wall, but extravasation of blood is limited by the fascia
or dura. The haematoma soon becomes encapsulated. After an
interval of days or weeks, the clot eventually dissolves, leaving
a sac communicating with the artery, a so-called ‘false aneurysm’. If macroscopic or microscopic examination reveals a tear
in the vascular wall, and the wall of the false aneurysm consists
of precipitated fibrin and thrombi, a mechanical aetiology can
be regarded as certain. The intimal, medial and adventitial
layers are all interrupted at the rupture site.
Dissecting aneurysm refers to a condition in which blood
enters the wall of the artery, dissecting between its layers and
forming intramural haematomas. In contrast to false aneurysms, the vessel wall is not entirely interrupted, just the intima
and media or the layers of the media. A mechanical pathogenesis may be suspected if a primary vascular disease such as
idiopathic medial necrosis can be excluded and a temporal relation with an MBI is confirmed. A mechanically induced aneu-
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rysm entails a risk of a secondary rupture of the entire vessel
wall (i.e. of SAH or thrombosis). An idiopathic medial necrosis
can be excluded after microscopic examination while the
mechanical pathogenesis of a dissecting aneurysm is strongly
suspected in the absence of signs of medial necrosis and in the
presence of additional signs of trauma.
Mechanical loading to the head sometimes induces thrombosis of the large arteries at the base of the brain, most commonly the extracranial carotid arteries (80–85%; Reisner and
Reisner 1976), but occasionally the intracranial arteries. In
these cases, the internal elastic membrane has often ruptured,
while the thrombus adheres to the site of the lesion. Trauma is
the third leading cause of thrombosis of dural venous sinuses.
A basal fracture can cause thrombosis due to compression or
injury of the vessel. The most commonly observed sinus thrombosis involves the sagittal sinus secondary to an impression
fracture of the calvarium. Injuries of the dural sinuses can lead
to a haemorrhagic infarction and massive bleeding, with consequent haemorrhagic shock and possible death. However, a
spontaneous arterial occlusion disease like fibromuscular dysplasia, which occurs in young to middle-aged adults must be
excluded.

Open brain injuries
A fracture or penetrating wound of the skull associated with
rupture or incision of the dura mater exposes the brain to what
is termed an ‘open brain injury’ or – according to the injury of
the skull and brain at the same time – ‘open craniocerebral
injury’. Open brain injuries can be caused by depressed fractures or by fractures piercing the dura mater, and – in extreme
cases – by stabbing or gunshot. The risk of bacterial invasion
and development of meningitis or abscess requires the clinician
and the pathologist to differentiate between closed and open
craniocerebral injury. Open brain injuries can result from an
accident, for example a traffic accident or a fall from a height,
or from acts of violence committed with different types of
weapons like a hammer, bottle, knife, axe, hatchet or firearm.
Cases involving stabbing of the brain by knives or similar
weapons (e.g. screwdriver, ice pick, chisel, knitting needle,
pencil, etc.) are rarely encountered in civilian life (for survey
see Unterharnscheidt 1993a). Unlike bullets, such objects strike
the head at low velocity. Penetration is common in areas of
relatively thin bone like the orbit, temporal bone, transnasal
drain of the frontobasal bones and in infants the fontanelle.
Although it can be extremely difficult to identify the penetrating object based solely on the hole in the skin, the morphometry of a hole in the skull usually provides exact information
regarding both its shape and diameter. Wounds by a hatchet,
blade or sword are characterised by a straight smooth-bordered
wound in the scalp, and a straight sharp perforating defect of
the skull along the course of the gash, on the outer table often
combined with a narrow depressed fracture on one side or both
sides of the sharp defect, bursting fractures starting from its
ends and by fine superficial internal bevelling. Similar injuries
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can result from an accident involving, for example, the propeller of a plane or a ship. They can even appear postmortem, for
example in drowning victims found within a harbour area with
heavy boat or ship traffic.
Gunshot wounds to the head In cases of gunshot wounds
to the head, the reconstruction of events leading to injury
and/or death is an essential task of the forensic neuropathologist to provide valuable information regarding the manner
of injury/death (e.g. suicide versus homicide), the cause of
injury/death as well as a reconstruction of the act. This reconstruction usually includes the determination of the missile
track, biometric features, pathophysiological processes of the
injuries incurred and post-traumatic wound healing process.
Moreover, all characteristic alterations of the skin and bones as
mentioned in Chapter 20 are to be seen also in the skin and
skull of the head.
Gunshot wounds caused by high velocity firearms are largely
a domain of military research and are not discussed here. Close
range or contact injuries from handguns and low velocity (subcalibre) rifles are more often encountered in civilian life, especially in western Europe, and are thus of particular interest to
forensic pathologists. The wound ballistics of this kind of
ammunition is very different as is reviewed by Sellier and
Kneubuehl (1994) and Di Maio (1981).
Before an autopsy is performed, imaging data should be
collected. CT and MRT scans are recommended techniques to
investigate gunshot wounds to the head and brain. These techniques could be performed as complete scans of the head, like
helical CT scans used for three-dimensional imaging of skull
fractures or as MRI scans on isolated, formalin-fixed brains.
The generated images and the collection of biometric data are
definitely indicated in many cases to reconstruct the missile
track and to facilitate the presentation of findings at the court.
MRI and CT imaging can both distinguish entrance from exit
wounds and can determine the direction of the missile track in
nearly all cases (Fig. 19.63a, b)
At the skull, it is often easy to distinguish an entrance from
an exit wound. At the entrance wound, the hole of the outer
table of the cranium is smaller than the defect of the inner
table of the cranium, while at the exit wound it is the opposite
(Fig. 19.63c, d). Low velocity projectiles cause macroscopically
detectable primary tissue damage to the brain due to crushing
mechanisms along the permanent track (Fig. 19.63e) (Oehmichen et al. 2000). The clinician and the neuropathologist,
however, must also take into account the ‘temporary cavitation’.
Even low energy missiles are capable of creating parenchymal
defects by violent outward acceleration of the tissue adjoining
the permanent track. The displaced tissue is injured by compression, shearing and especially stretching. The temporary
cavity’s size and shape depend on how much energy is expanded,
the stability and elasticity of the tissue, as well as the shape,
construction and material of the bullet. A detailed analysis by
light microscopy reveals a bleeding zone around the permanent
track, which is devoid of GFAP-positive astrocytes. Immediately

bordering the permanent track tiny axonal fragments are irregularly scattered outward from the missile track, are varicose and
exhibit clumping. With increasing distance from the permanent
track, the number of intact axons rise until they begin to exhibit
their normal parallel arrangement and structure again. The
distance of damaged neurons is comparable with those of
axonal damage: in the immediate vicinity of the permanent
track there is deformation, extreme shrinkage and homogenisation of the cytoplasm and nuclei; with increasing distance from
the permanent track the neurons increasingly assume their
normal morphology. These changes surround the permanent
track like a mantel. Low velocity missile neuronal injury and
other destructive changes near the entry point extend radially
from the permanent track for a distance of about 17–18 mm
(Oehmichen et al. 2000) as evaluated by detailed microscopic
analysis (Fig. 19.63f). Gunshot injury to the brain, even with
low energy transfer, often results in rapid onset of circulatory
and respiratory arrest leading to death in the large majority of
victims.

Closed brain injuries
Classification By definition, a closed brain injury is characterised by an intact dura mater. The following types of injuries
are differentiated.
Cerebral concussion injury refers to a sudden brief impairment of consciousness and loss of memory but in the absence
of focal neurological signs and morphological alterations. Consciousness typically returns within 1 hour. It occurs after blunt
impact or deceleration of the frontal or occipital areas that
create tissue strains within the deep white matter of the brain
associated with local brain displacements. Cerebral contusion
injury is clinically characterised by long-term loss of consciousness (>1 hour) and other neurological deficits, for example
paralyses, speech disturbances, convulsive disorders, and so on,
which can be temporary or of long duration. Morphological
changes are quantified using the contusion index, which assesses
both the depth and severity of cortical haemorrhages (Table
19.4), and the principle site(s) of injury (Adams et al. 1980,
1985). Simultaneous injuries of other organs like contusion
of the heart can aggravate the effect of brain injury-induced
ischaemia via secondary disruption, for example of the BBB
(brain oedema).
Cortical haemorrhages and intracerebral haemorrhages,
focal or diffuse injury (Graham et al. 1995), contact injury or
injury inflicted by acceleration forces must be differentiated. In
addition to these primary mechanically caused brain injuries,
secondary diffuse injuries may also occur, including oedema,
ischaemia and vascular injuries.
Concussion injury and cortical haemorrhage A blow is likely
to cause contusion injuries or cortical haemorrhages of the
brain directly beneath the impact site (‘coup’ haemorrhages),
whereas a fall tends to induce cortical haemorrhages at a location directly opposite the point of impact (‘contrecoup’ cortical
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(a)

(b)

(c)

(d)

Permanent
track

Type of
cytological
injury

- Astrocytic destruction

- Haemorrhage

Entry
(mm)

Astrocytic
destruction

3.20 ± 1.29

Haemorrhage

8.25 ± 5.08

Axonal injury

17.70 ± 4.78

Neuronal injury

18.47 ± 5.24

- Axonal injury
- Neuronal injury

(e)

(f)

Figure 19.63 Gunshot injuries to the brain. Three-dimensional CT reconstruction of the entrance hole (a) and exit hole (b) of the skull.
Entrance (c) and exit (d) hole of the skull at autopsy. (e) Straight permanent missile track cavity of the brain. (f) Zones of injury around
the permanent missile track indicating tissue damage secondary to the temporary cavitation.

haemorrhages). These contralateral cortical haemorrhages are
the result of the negative pressure described above and not the
result of an impact.
The dynamic load exerted on the brain by a hard blunt
impact to the head is generated by positive and negative pressures and shearing forces. Numerous hypotheses exist as to
which of these loads are responsible for which types and localisations of brain injury (for review see Leestma 2008). One
hypothesis that has found general acceptance is the cavitation

theory. According to Sellier and Unterharnscheidt (1963;
compare with also Bandak 1997), the foci of cortical bleeding
at the contralateral pole are not due to compression (contusion) as a result of an impact at the contralateral site (‘contrecoup’), but to the cavitations created by negative pressure.
According to these authors, the cortical haemorrhages result
from an external hard blunt impact with short impact time and
sufficient force accelerating the skull, creating transient positive
pressure at the impact site and – depending on the degree of
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Table 19.4 Contusion index of haemorrhages of the human brain
(see Adams et al. 1985).
Depth of mechanically induced haemorrhages (D)
Not present

0

Partial thickness of the cortex

1

Full thickness of the cortex

2

Extending into digitate white matter

3

Extending into deep white matter

4

Extension of haemorrhages (E)
Not present

0

Localised (one gyrus or two adjacent gyri)

1

Moderately extensive (involvement of the greater
part of the surface of one lobe)

2

Extensive (more than the surface of the lobe
involved)

3

Contusion index (CI) = D × E (for each anatomical locator)
Total contusion index (TCI) for a given brain =
Addition of CI of all locators

skull deformation – a temporary zone of lowered pressure at
the contralateral pole. If the vapour pressure remains below
normal levels (negative pressure), gases (N, CO2, O2) dissolved
in fluids such as CSF and blood are released as bubbles (cavitations), with consequent rupture of small vessels as a result of
the following collapse of these bubbles. Other forces, however,
also have an (additional) effect (Gennarelli and Thibault 1982),
particularly rotational shear forces.
Cortical haemorrhages occur with greater frequency at the
frontal and temporal poles and on the inferior surfaces of the
frontal and temporal lobes than they do elsewhere in the brain;
cortical haemorrhages are rare at the occipital poles. Acceleration and rotational forces may create shearing which results in
tearing of axons and myelin sheaths, sometimes also of vessels
in the depths of the white matter with consequent immediate
loss of consciousness and simultaneous diffuse injury. Haemorrhages can also occur in deep brain areas distant from the site
of impact, which may be due to shearing or tensile forces or as
a result of localised motions within the brain.
Forensic medical experience shows that if an adult slips
while walking and falls on his or her back without reacting to
cushion the force of the fall and strikes the back of the head on
a hard level surface, the force of the impact is just sufficient to
cause a bursting skull fracture. Fall-induced cortical haemorrhages tend to occur at sites opposite of the site of impact. Since
in falls the most common impact site is the occipital area, cortical bleeding is encountered mainly in the frontobasal area.
Forward falls on a level plane are frequently accompanied by
reflexive actions to break the fall, whereas falls to the side are
often cushioned by the intervening shoulder. Those arguments

may explain why contralateral cortical haemorrhages in the
occipital lobe are very rare.
A blow inflicts brain injuries mainly at the impact side
(impact pole). If the skull remains intact, injury of the brain is
due to local deformation (depression and recoil) of the bone.
Acceleration is lower at the contralateral pole and the resulting
injuries – mainly caused by negative pressure – are minimal or
absent altogether. In contrast to falls, massive haemorrhages
develop at the impact site and are limited not merely to the
gyral crests, but can extend deep into the white matter. A blow
to the head with small surface areas generally does not create
the critical negative pressure at the contralateral pole. At the
impact pole a depressed skull fracture is inflicted. The fractured
bone causes lacerations of the dura or leptomeninges as well as
of the surface of the cortex. Depending on the force of the
impact, destruction of brain tissue occurs with massive, spaceoccupying haemorrhaging. Cortical haemorrhages located on
the side of impact are a direct result of the forces delivered by
the blow. The most common impact site is the parietal region.
If the head is resting on a hard surface when struck, it cannot
be accelerated, so contralateral cortical haemorrhages are
uncommon under such circumstances.
Concussion injury and contusion The lowest grade of brain
injury is ‘cerebral concussion’ or ‘commotio cerebri’, which produces a temporary loss of consciousness but no long-lasting
neuronal deficits. The morphological appearance is characterised at most by signs pointing to a slight increase in intracranial
pressure. Marked or repeated mechanical injury of the brain
produces submicroscopic mitochondrial swelling in the nerve
cells and a major breakdown in the BBB.
Contact-induced loading to the brain leading to tissue
damage that induces cortical haemorrhages at the gyral crests
is termed contusional injury. The term ‘contusion’ is applied if
the pia mater is not breached, the term ‘laceration’ if it is torn.
Contusional injuries and lacerations are both the result of
the brain tissue movements within the cranium. Mechanical
loading to the head gives rise to neurological deficits and visible
morphological changes. The main injury is a haemorrhage,
mainly of the gyral crests of the cerebral surface especially of
the gyri of the frontal basis, partly spreading to adjacent white
matter (Fig. 19.64). Deformations of the skull creating a direct
compressive strain exceeding the tolerance of the pial vessels
and brain tissue will give rise to a contusional injury at the
impact site. Cortical haemorrhages opposite the impact site
bear a morphological resemblance to their counterparts near
the site of impact.
Cerebellar contusional injuries and haematomas result from
substantial local pressure to the occipital area. The musculature
of the neck, the massive occipital skull bone with its smooth
and regular internal contours, the elastic tentorium of the cerebellum in combination with the ‘fluid cushions’ of the subarachnoid cisterns and fourth ventricle constitute a ‘buffer’ that
greatly reduces the energy acting upon the cerebellum. Dorsal
cerebral and cerebellar contusional injuries and haematomas
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Figure 19.64 Basal cortical haemorrhages of the brain.

are therefore much less frequent than homolateral or contralateral (cortical) haemorrhages in other regions of the brain. If
cerebellar cortical haemorrhages are detectable, they occur in
the gyral crests of the cerebellar surface, usually at the occipital
poles. Every infratentorial haemorrhage is capable of caus
ing an obstructive hydrocephalus and herniation of cerebellar
tissue into the foramen magnum and incisura tentorii. Therefore, the sequelae of posterior fossa haemorrhages may be fatal.
Intracerebral haemorrhages External mechanical loading
induced primary intracerebral – including intraventricular –
haemorrhages are more common than once thought. The presence of galeal haemorrhages, the proof of additional cortical
haemorrhages and/or the phenomenon of an association of
homolateral and contralateral wounding of the brain gives an
important hint for a mechanically induced intracerebral haemorrhage. Primary impact induced intracerebral haemorrhages
are also to be differentiated from secondary (i.e. delayed) ‘traumatic’ intracerebral haemorrhages.
Primary mechanically induced brainstem haemorrhages are
to be distinguished from secondary herniation-induced haemorrhages. Primary brainstem haemorrhages may be induced
either by contact (skull fracture contra brain tissue) or – rarely –
by non-contact (i.e. by indirect forces). Brainstem injuries have
a poor prognosis; only a few cases survive, most cases die
shortly after the occurrence of a haemorrhage. According to
Bratzke (1981) and Krauland (1982), mechanically induced
(primary) haemorrhages at the base of the cerebral peduncles,
at the base of the fourth ventricle, in the interpeduncular fossa
and/or in the rostral portion of the pons are primary loading
induced (non-contact) haemorrhages. They are thought to
result from rotational acceleration-induced ruptures of small
arteries and roots of Galen’s vein. Primary (contact) haemorrhages tend to be located at the margin of the midbrain (Bratzke
1981) and are often associated with fractures of the base of the
skull. Acceleration loadings subject the brainstem to massive
shearing forces, which can lead upon rotation to tears at the
branching of the large basal arteries and thus to SAH.
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Secondary brainstem haemorrhages are caused by a rapid
increase in axial pressure produced by supratentorial spaceoccupying processes such as dura haemorrhages, intracerebral
haemorrhages or severe cerebral oedema. Those expanding
processes can unilaterally or bilaterally compress, displace and
distort the brainstem. A non-mechanically induced increase in
axial pressure with a space-occupying process like oedema,
ischaemia, tumour or spontaneous haemorrhage may rarely
result in brainstem haemorrhage. Such brainstem haemorrhages are also called ‘Duret haemorrhages’.
Intraventricular haemorrhage requires extremely severe
external violence to the head and carries a poor prognosis
(LeRoux et al. 1992). In some instances, it is caused by impact
along the sagittal plane of the head that increases the minor axis
and thus the ventricular diameter. The resultant deformation
of the skull can generate tensile strain of the subependymal
veins. Intraventricular haemorrhages are almost always associated with DAI and tissue-tear haemorrhages, suggesting an
additional mechanism involving angular acceleration-induced
shear strain.
In addition, the sharp edges of the dura mater may cause
lacerations if the brain is pressed against it. These lacerations
are generated by acceleration forces, leading to cutting or bruising of the brain (median part of the hippocampal area, corpus
callosum). Also, a haemorrhage as well as an oedema-induced
brain swelling may force the brain against the dura, resulting
in herniation of brain tissue with consequent structural distortion, stretching and compression injuries. Often – especially
after rotational acceleration – a haemorrhage is found in the
white matter of the first frontal lobe gyrus (i.e. a so-called
gliding contusion injury). Moreover, axonal injury can almost
always be demonstrated in cases with survival times of >2–3
hours, most frequently in both the corpus callosum and the
rostral portion of the brainstem as an indication of DAI.
Boxing brain injury (punch drunk syndrome) Of special
interest is the examination of the brains of former boxers, both
amateur and professional, who have suffered repeated knockouts. They are especially likely to develop both neurological
symptoms and progressive dementia years after the last boxingrelated traumatic event. A detailed examination of 15 brains of
boxers (Corsellis et al. 1973) revealed conspicuous changes in
the pellucid septum with enlargement of the cavum and fenestration of the interventricular septum. In a few cases, the adjacent fornices and corpus callosum were thinned, there was a
loss of nerve cells in the cerebellum, degeneration of the substantia nigra, and numerous neurofibrils in the nerve cells of
the cerebral cortex and brainstem.

Estimating post-traumatic survival time of
contusional haemorrhages
The determination of time-dependent processes of contusional
haemorrhages may be important in some cases for classifying
the time of the traumatic event. It is well known that reactive
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Table 19.5 Time course of microscopic findings in cases of contusional haemorrhages.
Observation period

Estimated limits of
confidence (Clopper and
Pearson 1934)
(expressed in percentage)

Distribution-free
tolerance intervals with
95% reliability
(expressed in percentage)

Histomorphological
alterations

First
appearance

Last
appearance

Relative
frequency of
the observation

Red blood cells

1 min

150 days

77.70%

72.6–82.3%

98.0%

Polymorphonuclear
leukocytes

5 min

110 days

43.09%

37.5–48.9%

96.4%

Macrophages

11.5 h

58 years

73.11%

67.8–78.0%

97.9%

Red blood cells
containing
macrophages

12 h

150 days

47.85%

42.1–53.6%

96.8%

Haemosiderin

4.2 days

44 years

53.11%

47.3–58.8%

97.1%

Haematoidin

12 days

1 year

11.84%

08.4–16.0%

87.5%

Lipid-containing
macrophages

17 h

30 years

53.64%

46.8–60.4%

96.0%

Fibroblasts

4.4 days

9 years

34.10%

28.8–39.7%

95.5%

Endothelial cells

3.9 days

53 years

48.85%

43.1–54.6%

96.9%

Collagenous fibres

5 days

58 years

38.69%

33.2–44.4%

96.0%

Gemistocytic
astrocytes

7h

35 years

45.57%

39.9–51.3%

96.6%

Fibrillary gliosis

6 days

58 years

28.52%

23.5–33.9%

94.7%

Siderin-containing
astrocytes

5 days

53 years

33.11%

27.9–38.7%

95.4%

Neuronal destruction

1 min

150 days

60.00%

54.3–65.5%

97.4%

Neuronophagy

4.8 h

125 days

21.97%

17.4–27.0%

93.1%

Axonal swelling

2.8 h

125 days

38.78%

25.2–53.8%

77.4%

Axonal retraction
balls

15 h

44 years

50.71%

44.7–56.7%

96.7%

Mineralisation of
neurons

6 days

44 years

08.5–16.1%

87.5%

11.88%

processes in sterile inflammations follow a regular time course
somewhat resembling a chain reaction (Oehmichen 1990).
Most of these cytological criteria are detected by routine staining (H&E, Prussian blue) and can be supplemented by additional immunohistochemical (e.g. CD68, GFAP, ß-APP) or
histochemical reactions (naphtol AS-D chloracetate esterase or
NAS-DClAE, scarlet red). A survey of first appearance as well
as additional statistical data and last appearance of a definite
morphological phenomenon is given in Table 19.5. An actual
survey on the time-dependent histological alterations is given
by Oehmichen et al. (2003), associated with important statistical data (for further information, especially regarding the interaction of macrophages see Oehmichen et al. 1986, 2009b).
Whereas some of the cytological criteria are always present
(relative frequency 100%), some are never (relative frequency
0%) present during a certain post-traumatic interval. If a criterion is present in a given case, all intervals with a relative

frequency of 0% for this criterion can be excluded; if a criterion
is not present, all intervals with a relative frequency of 100%
for this criterion can be excluded. A comprehensive investigation of a panel of cytological criteria allows an estimation of
the post-traumatic interval and can be refined by applying a
logistic regression analysis and an empirical weighting factor,
because each criterion is of different ‘importance’ (compare
with Kleinbaum 1998).

Mechanical spine injury
Basic principles
The spinal cord is protected from blunt force injury by the surrounding – predominantly muscular – soft tissue, the vertebrae
and the spinal dura mater. While the segmental architecture
of the bony spinal column allows flexibility of movement, it
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Figure 19.65 Mechanical injury of the spine showing a fracture
of the spine and haemorrhages within the spinal cord.

exposes the spinal cord to perforating injury through the spaces
between the vertebrae. The nerve fibres radiating off the spinal
cord are additional loci minoris resistentiae where the nerve
fibres themselves are vulnerable to mechanical loading such as
traction and compression.

Closed spinal cord injury
Closed spinal injury usually results from the mechanical stress
created by a broad area of impact to the spine. Even if the load
is rather low, the injury is commonly associated with a fracture
or dislocation of the spine (Fig. 19.65). The static conditions of
the spine and cord make the lower cervical region and the
thoracolumbar junction the most common sites of mechanically induced damage.
Four mechanisms of closed spine injury can be distinguished. The most frequent mechanisms, especially of cervical
spine injury, are transverse shear, longitudinal shear and tension
created by ventroflexive and retroflexive forces. In contrast,
compression is produced by longitudinal forces acting on the
column in cases of falls on the head, or bottom, which may
result in flattening of vertebral bodies and/or fracture of the
end plates. This is the principal mechanism of injuries at the
lumbar or thoracolumbar level. Another type of injury is caused
by rotation generated by torsional forces resulting in unilateral
or bilateral dislocation, fracture dislocation of the vertebral
body and/or its processes. Compressive or tensile stress to the
spinal column by external violence can dislodge the spinal cord
in the sagittal or lateral direction or cause it to rotate around
the longitudinal or lateral axes. At least, combined mechanisms
lead to closed injuries, because pure flexion or extension forces
are often insufficient to produce ligamentous rupture, dislocation or fracture dislocation (Gosch et al. 1972).
In most instances, blunt mechanical loading (compression)
produces no externally visible changes in the spinal cord.

303

Petechial haemorrhages usually begin at the centre of the cord.
This is followed by a central haemorrhagic necrosis, chromatolysis and acute swelling of nerve cells. In later stages tissue
softening and phagocytosis occurs, followed by cavitation
and partial replacement of destroyed neural tissue by glialmesenchymal scarring. The spinal cord can suffer primary
damage if surrounding bony and soft tissues directly inflict the
nervous tissue and vasculature, as commonly seen in fracturedislocation of the spine.
Spinal SDH is often seen in combination with vertebral fractures and subarachnoidal spinal bleeding, but dural bleeding in
the spinal canal, especially SDH, is rare. Dural haemorrhages
are usually caused by spinal column injuries. Mechanically
induced and spontaneous spinal EDH, which are often associated with ruptures of the dorsal parts of the intervertebral discs,
are usually venous and spread diffusely. SAHs are caused by
contusions, accelerations or other types of mechanical violence
to the spine or may be secondary due to intracranial SAH.

Open spinal cord injury
The hallmark of penetrating spinal cord trauma is perforation
of the dura mater spinalis caused by stabbing or gunshot, by a
needle or even by displaced fragments of the vertebral bones.
Open spinal trauma can result in complete or partial paralysis
below the lesion. Infection is one of the major complications
of open injuries of the spinal cord. Spinal subdural, epidural or
subarachnoid infections, abscesses and empyemas can develop,
the inflammation usually originating in local infectious processes (e.g. osteomyelitis).
Gunshot injuries of the spinal cord always involve injury
of the bony column. Injury of the spinal cord itself may be
caused by the projectile, bony fragments or both. Once lodged
in the spinal canal, the projectile and/or its fragments can move
within it and thus cause paraesthesias and motor paralysis,
possibly also lead poisoning, even after prolonged survival
times. High velocity projectiles create shock waves that are
capable of inflicting injury on tissue without actually penetrating it. Gunshot wound induced pathological changes of the
spinal cord feature partial or complete transection of the cord.
Histologically, the mechanical insult displays liquefaction,
necrosis of the lacerated tissue and haemorrhages with tissue
destruction.

Injury of the cervical spine
In cases involving significant brain trauma, it is imperative to
perform a complete pathological examination on the neck, vertebral vessels and paraspinal muscles, partly even on the spine
and the spinal cord, with special emphasis on the craniocervical
junction, because a combined trauma is often obseved.
Morphological changes associated with acceleration loading
of the cervical spine include haemorrhaging into the muscle
and fat tissue, ligamentous tears in the spinal column, disc
lesions, dislocations and subluxations of the vertebral bodies
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and small joints, bone fractures, intramural dissection, laceration and/or thrombosis of the vertebral arteries, epidural and
SDHs, compression or laceration of the spinal cord, sometimes
associated with spinal haemorrhage, axonal injury, demyelination, oedema and ischaemic necrosis. The medulla oblongata,
which contains the neuronal centres for regulation of respiration and circulation, is located at the craniocervical junction.
Mechanical loading to the cervical spine therefore can result in
acute death.
Three different kinds of direct craniocerebral injuries are
observed. Dislocation injury of the cervical spine is produced
by forces acting in an anteroposterior direction or, less often, in
a lateral direction (Sances et al. 1986). Compression fractures
are due to compression of the intervertebral discs or bursting
of vertebral bodies. Bending loads create both tensile and compressive stresses, the former being much more likely than the
latter to cause severe, often visible primary tearing of tissue and
blood vessels as well as haemorrhages. Hyperextension and/or
hyperflexion fractures are characterised by rupture of the rim
of the vertebral body plates and/or by tearing and bleeding of
the dorsal (= hyperflexion) and/or anterior parts (= hyper
extension) of intervertebral discs.
Lateral loads create similar injuries due to tensile stress and
are located on the right or left side of the vertebral bodies and/
or intervertebral discs. Rotational forces (i.e. torque around the
longitudinal z-axis) can disrupt the ligaments and displace the
vertebral body, injuries that are sometimes associated with fracture of the odontoid, but usually not associated with neurological deficits. The main causes of such injuries are traffic accidents,
blows and chiropractic manipulation. Vertical forces (along the
z-axis), for example created by an impact on the top of the head
can lead to compressed fracture of the atlas with bursting and
separation of the ring of the atlas – often into four parts (Jefferson’s fracture).
Hyperextension forces (retroflexion) can cause fracturing of
the dens, the force being transmitted via the anterior ring of
the atlas with consequent failure of the dens. A force conveyed
anteroposterior through the skull to the anterior ring of the
atlas is transmitted to the dens where a fracture is inflicted due
to shearing forces. Fractures can also be produced by hyperflexion force (anteroflexion) and result in displacement of the vertebral body. The so-called broken neck (i.e. fracture of the dens
axis) is comparatively rare. In most instances, it is caused by
hyperflexion forward with retroversion of the dens fragments
towards the medulla that leads to respiratory failure and may
lead to rapid death. Injuries of the middle and lower cervical
spine are caused by axial compression, translational hyperextension or hyperflexion, sometimes associated with rotational
components. Among the sequelae is disruption of the anterior
(hyperextension) or posterior (hyperflexion) portions of the
annulus fibrosus, or even traction fracture and displacement of
the anteroinferior triangular portion of the vertebral body.
A special type of indirect injury is the so-called whiplash
injury. The term ‘whiplash injury’ describes a complex of clinical symptoms caused by minor or moderate acceleration of the

head against the trunk. Patients complain of neck pain with
muscle spasm, limited motion and/or loss of the normal cervical lordosis. Additionally, headache, numbness or weakness in
one or both arms, tinnitus and vertigo are reported. The symptoms are subjective and non-specific (i.e. unsupported by
objective findings). Whiplash injury is mainly seen in victims
of frontal, lateral or rear-end traffic collisions.
Because pathological features of whiplash injury are clinically not detectable in most cases by diagnostic tests, its occurrence has been questioned and is the subject of many medical
investigations. Experiments on human cadavers, healthy volunteers and animals have shown a variety of soft tissue injuries
ranging from muscle tears or sprains, ligament tears, especially
of the anterior annulus fibrosus, and small or large fractures of
the cervical vertebrae (Hoffman et al. 1992) and support the
existence of whiplash injury. Most German experts think that
a load to the cervical spine of Δv = 10 km/h or less cannot cause
neurological alterations or long-term injury with chronic
symptoms. No predictions are possible concerning the sequelae
of a load of Δv = >15 km/h. These results have been accepted
by the German legal system (Griess 2000).

19.3.5 Paediatric neuropathology
Postnatal mechanical brain injury
Basic principles
The prevalence of head injuries over trunk and limb injuries in
infants is attributed to the disproportionately large size of the
infant’s head compared to the rest of the body. It is widely
accepted that the brain of younger children is more vulnerable
to injury than the brains of older children or adults, especially
to deceleration–impact injuries caused by falls or acceleration–
burst injuries resulting from blows to the head. Moreover, the
impact response of the infant head also depends on the agedependent mechanical properties of the skull and sutures. In
infants, contusional injuries in the sense of cortical haemorrhages usually extend along lines of force through the brain
rather than being confined to the point of impact on the cortical surface. Such injuries may manifest as small haemorrhagic
tears at the junction of the grey matter and white matter, less
often as areas of haemorrhages deeper within the white matter.
The common result of these injuries is cerebral oedema. In
children under 2 years of age, the three major causes of head
injuries are falls from heights, physical abuse and traffic accidents. The poor balance and muscular coordination typical of
this age group are the principal causes of MBI.

Skull fractures
In children, mechanical loading to the skull can cause disruption of the bones and localised disjunction or disruption of the
sutures. Skull lesions are a relatively common sequel in head
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injuries of infants. The most common type of skull lesion is
linear fracture, observed in 70–80% of all cases (HarwoodNash et al. 1971). Linear fracture is usually recognisable as a
thin linear defect, with the same spacing along the entire course
of the trajectory. In more than 80% of cases, such fractures are
due to a fall, in 5%, due to a traffic accident. Parietal linear
fractures and EDH can be caused by short falls, which do not
induce initial unconsciousness. A fall of just 1 m is sometimes
sufficient to cause skull fracture in adults and children, even if
it is onto a padded surface.
Growing fractures occur in infancy or early childhood. This
type of fracture is accompanied by dural tearing, brain injury
beneath the fracture and continuing growth of the fracture to
form a cranial defect. The growing fracture is explained by a
mechanically induced brain oedema that pushes and holds
apart the fragments of the soft cortical bone.
Depressed fractures comprise only 25% of all skull fractures
(Choux 1986). This form of skull lesion is much less common
in young infants (<6 months old) than in older children.
Depressed fractures may be caused by falls (40%), followed by
traffic accidents (22%), birth (16%) and other causes (22%).
This type of fracture is likely to have been caused by high force
impact, including physical abuse. The frequency of such fractures in conjunction with birth is particularly striking, and is
generally caused by application of forceps or the pressure of the
obstetrician’s hand. Depressed fractures also occur in easy and
non-traumatic deliveries. A special form, the so-called pingpong ‘fracture’, which is most common in neonates, is defined
as a localised depression of the vault without breakage of the
cranial bone.

Epidural haemorrhage
Epidural haemorrhage is rare due to the tight adherence of the
dura to the skull, especially at the sutures (in particular the
coronal sutures) and because of the elasticity of the infant skull.
While EDH is extremely uncommon in newborns, EDH in
children is usually explained by contact forces created during
accidental falls. It is mainly associated with parietal linear fracture, but may also be caused by injury of the meningeal arteries
or venous sinuses during a complicated breech presentation or
forceps delivery; a fracture is not always present. The volume
of EDH in infants is sometimes sufficient to induce anaemia.
The excessive volume may be explained by the elasticity of
the skull and disjunction of the suture. The clinical picture
is determined by loss of consciousness, usually after a lucid
interval. Neurological deficits (hemiplegia, hemiparesis),
pyramidal signs and seizures are also observed. Early CT scanning enables correct diagnosis and is associated with an excellent prognosis.

Subdural haemorrhage
Subdural haemorrhage almost always results from mechanical
violence, especially in infants under 2 years old. In the latter
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group, it may result from unobserved falls or repeated shaking
(see Chapter 37). The biomechanics and pathophysiology of
SDH in children are similar to the cause and process of SDH
in adults. A hallmark of SDH in infants may be the development of a neomembrane, which in the absence of an acute
haemorrhage often comprises the only lesion. Neomembranes
form a thin layer of richly vascularised tissue of dull appearance
that adheres to the inner surface of the dura mater and contains
small tortuous blood vessels forming spiders or irregular
patches. Neomembranes frequently exhibit multicentric fresh
haemorrhages plus evidence of old haemorrhages in the form
of rust-coloured pigmentation (macrophages containing
haemosiderin). They can also completely envelop the site of
chronic SDH, one membrane in contact with the dura, the
other with the arachnoid.

Subdural hygroma
Encapsulated subdural lesions filled with clear or xanthochromic fluid are called hygroma. Hygroma is thought to be the
residue of an incompletely organised chronic SDH. The haematoma liquefies into a low viscosity fluid, which turns from a
turbid dark brown to xanthochromic, finally becoming clear. A
capsule of dense collagen tissue maintains the cavity. Hygromas
generally occur under conditions conducive to haematomas;
they have similar shapes and occupy the same sites. The corresponding neuroradiological evolution involves transformation from hyperdensity to hypodensity, SDH being isodense
with brain (and hence easily missed) on CT scans around the
fourth day.

Subarachnoidal haemorrhage
Focal SAH is the common finding in both inflicted and accidental MBI. However, SAH is also a common birth trauma.
Mechanical loading causes extravasation of blood from small
vessels of the arachnoid meshwork, from whence it may spread
over the convolutions or collect in the sulci. Moreover, SAH is
common at autopsy of premature infants and is regarded as a
hypoxic lesion. In rare cases, however, the blood collected at the
base of the brain and the posterior fossa can occlude the cisternae and the foramina of Magendie and Luschka. This leads to
impaired CSF circulation, with consequent hydrocephalus.
Blood accumulation within the arachnoid meshwork throughout the whole or part of a lobe may lead to compression of the
underlying brain with subsequent necrosis.

Cerebral contusion injury and laceration
Cerebral contusional injuries appear to be very rare in newborns. The low incidence is attributed to the rarity of blunt
force in the perinatal period and the relative resiliency of the
neonatal cranium (e.g. no ossification of suture lines, thin
elastic cranial bones with incomplete calcification, rendering
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the skull more plastic) and cerebral mantle. In those rare cases
as well as in older children, the cerebral cortex and subcortical
white matter in particular exhibit focal necrosis and haemorrhage at the homolateral and contralateral site as well as in
inferior orbital, frontal and temporal positions. Contusional
injuries involve the gyral crests, but can extend as a wedgedshaped lesion into the white matter. The contusional haemorrhages will be reabsorbed with resultant amber-coloured areas
of gliosis. Contusional injuries associated with skull fractures
are more severe and relatively uncommon. In newborns and
young infants, slit-like tears in the hemispheric white matter are
more common. These tears may extend to the cerebral cortex
or even to the walls of the lateral ventricle. White matter tears
result from shearing forces within the subcortical cerebral substance created by extreme and rapid deformation of the brain.
Children suffering such injuries almost always exhibit varying
degrees of soft tissue injury of the face and scalp. Moreover,
depending on the direction of the compressive forces, they
exhibit multiple and often extensive comminuted calvarial and
basilar cranial fractures together with subarachnoid and parenchymal haemorrhages.

Secondary alterations
As mentioned above, traumatisation of the immature brains of
children can lead via hyperaemia to a breakdown of the BBB,
inducing vasogenic oedema. An accompanying ischaemichypoxic process can lead to cytotoxic oedema due to the intracellular flux of water and electrolytes. Regarding the development
of oedema after impact, a special feature must be stressed. After
the traumatic insult, the head-injured child may be able during
a short interval to verbalise. Approximately 30–50 hours after
impact, a rapid neurological decline occurs and the child dies
(‘talk and die’; for review see Humphreys et al. 1990). At
autopsy, the brain usually reveals multiple cortical haemorrhages, brain oedema with herniation and hypoxic-ischaemic
encephalopathy. In such cases, the question of medical malpractice must be addressed, to determine if the death was
avoidable.
Children with acquired hydrocephalus (Friede 1989) feature
a rapid rate of cranial enlargement because of the open fontanelles and suture diastasis. In older infants, whose fontanelles
have closed, the only early clinical symptom of mechanically
induced hydrocephalus may be a levelling off or reversal of an
otherwise gratifying neurological recovery. Hydrocephalus that
occurs shortly after incidence of MBI is due to blockage of
ventricular outflow pathways by intraventricular or extraventricular haematomas or mass effects. In newborns, all types of
perinatal injuries may be associated with hydrocephalus as well
as with subarachnoid, subdural, intracerebral and periventricular and/or intraventricular haemorrhages. Any type of lesion
inducing acute ventricular enlargement can also lead to delayed
hydrocephalus by preventing the absorption of CSF. Delayed
hydrocephalus can also develop in adults and children as one

of the sequelae of mechanically induced cortical atrophy (Levin
et al. 1981) associated with enlargement of the ventricular
system.

Shaken baby syndrome
The triad of SDH, retinal bleeding (RB) and encephalopathy in
infants with little external evidence of mechanical impact is
considered pathognomonic for SBS or so-called ‘non-accidental
head injury’ (NAHI). In SBS patients, statements regarding the
perpetrator’s intention, witness accounts, the psychopathology
or behavioural attitude of the perpetrator, as well as inappropriate and inconsistent histories, and crime scene investigations
are important to elucidate the circumstances surrounding the
death, because it may be difficult to verify. It is generally
accepted that shaking leads to rotational, shear and oscillatory
forces within the intracranial space and eyes when the head
flops back and forth, but the shaking itself is seldom witnessed
by a third party.
As a hint for blunt force injury, bruises of the scalp or even
skull fractures, haemorrhages within the neck muscles or
muscle insertions or thoracic bruising are observed in some
cases. These haemorrhages within tissues of the neck and insertional haemorrhages of the muscles can be explained by traction forces generated by shaking. Fingertip bruises on the chest
and shoulders indicate grasping during shaking, and the presence of non-fatal multiple haematomas scattered over the
surface of the whole body may be suggestive of additional
mechanical abuse. It is recommended to collect the cervical
spine at autopsy because an EDH may be detectable in onethird of cases, localised in the lower cervical spine at the transition to the thoracal spine and this supports the diagnosis of
shaking (Fig. 19.66). In contrast, EDH has never been observed
in sudden infant death (SID).

(a)

(b)

Figure 19.66 Epidural haemorrhage of the cervical cord (a, b)
inflicted probably as a result of shaking.
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The diagnosis of SBS is based on the one hand by the triad
described above, and on the other hand by the analysis of each
single case, including statements of the perpetrator, the gross
findings of a whole-body autopsy, a neuropathological examination including the cervical cord and eyes as well as the microscopy of these organs, supported by histological demonstration
of axonal injury, granulocytes, macrophages and haemosiderinladen macrophages.
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19.67a). The SDH is often associated with SAH and is usually
caused by rotational stress in the sense of acceleration/
deceleration. There are few exceptions that can be excluded by
autopsy and/or by clinical check-up. In the perinatal period,
birth trauma can occur mainly in premature babies including
SDH associated with a tentorial tear (for further information
see Chapter 37).
Retinal bleeding Retinal bleeding in the form of bleeding
spots of different extension in the sclera, choroid, retina or
vitreous, is detected in all cases. RB may be diagnosed by fundoscopy in living victims or at autopsy. In cases of suspected

Sudural haemorrhage At autopsy, a predominantly small but
not in all cases space-occupying and displacing SDH in SBS
infants is detectable, which may be unilateral or bilateral (Fig.

(a)

(b)
Figure 19.67 (a) Bilateral thin subdural haematoma and encephalopathy with subdural bleeding. (b) Microscopy of the retina revealing
retinal bleeding in a case of shaken baby syndrome.
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SBS at autopsy, it is mandatory to collect the back side of the
eyes, and prepare the formalin-fixed retinal part carefully. RB
often reveals intensive intraretinal or subretinal haemorrhages
along long distances or even along the complete retina (Fig.
19.67b). Perineural haemorrhages of the optic nerve are often
present as well.
Encephalopathy Diagnosis of brain oedema indicating the
encephalopathy is based on an increased brain weight, a tightened dura mater, flattened gyri and compressed ventricles.
Additionally, AI may be demonstrated as a result of mechanical
load and/or of secondary ischaemia. Usually no cortical haemorrhages are detectable (Fig. 19.67a).
Microscopy In acute cases, the histological examination of the
dura mater may reveal extravasal red blood cells without any
cell reaction. In relation to survival time, the detection of PMNs
and macrophages is associated with a delayed death more than
2–3 hours for leukocytes, 12–20 hours for macrophages and
more than 72–100 hours for siderin-containing macrophages
(Oehmichen et al. 2009a). The demonstration of hemosiderincontaining macrophages in the dura, subrarachnoid space or
brain within an estimated survival time after the acute traumatic event of <72 hours may be suggestive of repeated traumatic incidents, including reiterated shaking, as has been
supposed in 30–40% of newly diagnosed SBS patients (Duhaime
et al. 1998).
Global hypoxic-ischaemic brain alterations are present in
more than 50% of cases with delayed death, sometimes in association with a reduced number of neurons in victims surviving
>24 hours. Ischaemic brain damage may result from spaceoccupying SDH or it may develop as a consequence of transitory cardiac or respiratory failure or arrest. In over half of the
cases, a white matter atrophy or porencephaly is demonstrable
in cases with survival times of more than 10 days.
In many cases of SBS, focal AI is present in distinctive topographical regions like the pons, corpus callosum, craniocervical
junction or within the radices of the cervical spinal cord (Oehmichen et al. 2008). AI may be explained in part by a vasogenic
event, in part by traumatic impact. It is important to stress that
signs for a general DAI characterised by a diffuse distribution
of axonal lesions within the white matter or the whole of the
brain are not regularly present, despite being observed by some
authors.
Cause of death The cause of death in SBS cases has been
discussed extensively in recent years. The space-occupying
effect of SDH does not adequately explain death in all cases of
SBS, and the lack of mechanically induced DAI in the brain and
signs of generalised cervical cord or nerve root injuries point
in another direction. Recent experimental studies have suggested that repeated mild head injuries owing to the vulnerability of the immature brain or mechanical and neurotoxic effects
of subdural blood to the immature brain may play a causal role.
Supported by some findings (Geddes et al. 2001a, 2001b; Oeh-

michen et al. 2008) hypoxic-ischaemic brain injury may be the
most probable cause of death caused by a multifactorial process:
a slight space-occupying SDH, possibly strengthened by accompanying vasospasms resulting from an associated SAH; a
primary medullary stress due to whiplashing, which may entail
a reflectory cardiac or respiratory disturbance secondary to
overextension of the cervical cord associated with secondary
reduction or transitory arrest of the respiratory or cardiac function. To sum up, the process of death primarily caused by a
shaken trauma will be mediated by an additional hypoxicischaemic process.

Sudden infant death
Sudden infant death is defined as the sudden death of an infant
or young child, which is unexpected by history and in which a
thorough postmortem examination fails to demonstrate an
adequate cause of death. The diagnosis of SID has been solely
based on the exclusion of morphological organ changes that
could account for the cause of death.
In accordance with the prevailing definition, SID patients
exhibit no specific neuropathological findings that can account
for the sudden unexpected death. It has been discussed in the
literature that functional brain disturbances may serve as an
explanation for the lethal process. Though the precise cause of
the SID phenomenon is still unknown, a series of systematic
morphological studies suggests that CNS involvement plays a
central role in sudden infant death syndrome (SIDS). The fatal
process underlying SID involves a disturbance of respiratory
regulation that results in clinically observable apnoea attacks
(Schulte et al. 1982) and functional impairment of hypoxemiainjured neurons. Clinical evidence suggests that prenatal stress
may alter the course of neurological maturation. Moreover, the
retardation of neuronal development in the brainstem of SIDS
patients is supported by enzyme-biochemical and immunohistochemical findings. A high dendritic spine density, a timedependent alteration in enzyme activity plus a hyperactivity of
the endogenous opioid system in the brainstem have all been
interpreted as signs of neuronal retardation (Quattrochi et al.
1980; Kuich and Zimmerman 1981a, 1981b; Ozawa and
Takashima 2002). Moreover, hypoplasia of the arcuate nucleus,
the cells of which play a role in central chemoreception, has
been discussed (Kinney and Filiano 1995).
It is generally accepted that SID may be associated with brain
hypoxia or ischaemia, sometimes as a recurrent process. It has
been suggested that dorsal flexion combined with rotation may
trigger flow impairment in the vertebral arteries leading to a
hypoxic/ischaemic event (Saternus and Adam 1985). Recently,
it has been shown, that SID patients reveal a reduced number
of microtubule-associated protein 2 (MAP2) reactive neurons
which support the thesis that the cause of death may be due to
primary centrally triggered respiratory or cardiac dysfunction,
especially in the absence of any other organ pathology (Oehmichen et al. 2009c).
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Ischaemia, hypoxia and asphyxia
Basic principles
The important target organ of ischaemia, hypoxia and asphyxia
is the brain which utilises about 20% of the totally consumed
oxygen of the body. Neurons are the target cells of the brain
damaged by a loss of oxygen. More recently, investigations
found proof of the loss of MAP2 expression by neurons of the
hippocampus in acute ischaemic/asphyctic events as demonstrated by strangulation, drowning (Kühn et al. 2005) as well
as in permanent ischaemia (Maith 2012). Therefore MAP2
seems to be a marker of very early neuronal damage in cases of
short intervals of survived ischaemia.

Ischaemia
Ischaemia is characterised by a transient or permanent stop of
the general or regional cerebral blood flow. Primary ischaemic
brain damage as a result of brain perfusion interruption is
followed by a change in the blood gas values and pH within
the brain associated with acidosis and increase of lactate. As a
result of these processes, energy depletion occurs within a few
seconds to minutes resulting in a disturbance of the K+/Na+
pump with a shift of the K+ ions into extracellular space as well
as of Na+ ions and water from extracellular space into the cytoplasm, leading to an early cytotoxic oedema. This leads to a
decline of cerebral perfusion and a secondary disturbance of
the BBB. The sequela will be an overlapping vasogenic oedema
within 10–20 minutes, which in most cases masks the primary
(cytotoxic) oedema. The oedema itself aggravates the anoxic
damage, thus giving rise to a vicious cycle. Simultaneous
leukocyte–endothelial cell interaction within 10–20 minutes is
accompanied by a release of toxic substances, especially the
cytokines.
Ischaemic injuries are expressed in different brain areas,
partly depending on the type and extent of arterial supply. In
cases of global ischaemia, damage usually begins in the triple
watershed zone, at the intersection of the territories of the
cerebral arteries. If ischaemic damage is suspected, the fissure
between the first and second gyrus of the frontal lobe, the CA1
region of the hippocampus, the Purkinje cell layer at the cerebellum, as well as corpus striatum or, specifically, the globus
pallidus should be examined carefully.
The distribution of ischaemic damage can vary with the type
of damage. Ischaemia can be divided into focal and global, and
into transient and permanent ischaemia. Permanent global
ischaemia constitutes brain death, and is described in other
chapters. Transient global ischaemia constitutes the typical
clinical situation of cardiac arrest, where duration of 5 minutes
is known to be critical in the development of irreversible necrotising cerebral damage. Transient and focal ischaemia constitute
a continuum: if the duration of transient focal ischaemia is long
enough, irreversible necrosis takes place and it becomes irrelevant whether reperfusion takes place at later times, since an
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infarct has already completely developed. The duration of
the development of neuronal necrosis in transient focal ischaemia depends on the depth and duration of ischaemia, as well
as on factors such as temperature, glucose level and epileptiform activity. It is clear, however, that transient focal ischaemia
has a much longer tolerable duration (at least half an hour,
depending on temperature, glucose levels, etc.) before necrosis
develops than 5 minutes of transient global ischaemia. The
implication is that focal ischaemic brain damage has a deleterious effect on other parts of the brain. As progressively more
of the brain is rendered ischaemic, the tolerable duration
decreases.
The most important alterations after long-term survived
ischaemia with consecutive reperfusion are necrosis of neurons,
patches of demyelinisation, brain parenchymal loss and a proliferation of microglia and astrocytes.
For forensic purposes, it is crucial to know the duration of
the interval before ischaemic damage can first be detected by
morphological criteria. The literature reports a wide variation,
ranging from 7.5 minutes (Cizkova et al. 2000) to 3 hours
(Spielmeyer 1922) up to a maximum of 15–25 hours (Scholz
et al. 1951). The common cytological marker of an ischaemic
injured neuron in the case of reperfusion is the acidophilic/
eosinophilic alteration of the neuronal cytoplasm and the
shrunken neuronal nucleus, which can be demonstrated using
H&E stain (Fig. 19.68). Applying Nissl stain, a local or generalised permanent ischaemia without reperfusion results in a

Figure 19.68 Microscopic findings of neurons in brain ischaemia;
arrows indicate shrunken eosinophilic neurons.

310

PART III   TRAUMATOLOGY AND VIOLENT DEATH

so-called ‘pale nerve cell injury’ (Kalimo et al. 1982; Lipton
1999), marked by neuronal and astrocytic oedema, dilation of
nuclear chromatin and slight swelling of mitochondria and
endoplasmatic reticulum. These neurons are definitively known
to be necrotic for two reasons: firstly, they disappear from tissue
sections in experiments studying differing survival times, and
secondly, they show cell membrane breaks and mitochondrial
flocculent densities on electron microscopy. Applying morphological methods, ischaemic cytological alterations may be seen
earliest after 10–30 minutes (Inamura et al. 1987; Kühn et al.
2005), often within 3–4 hours (Ikonomidou et al. 1989) of
survival time and in general only after several hours. As a consequence of reperfusion likewise in cases of permanent focal
ischaemia homogenising cell changes, so-called ghost neurons
appear, marked by an irregular chromatin clumping, a shrunken
cytoplasm which may be fragmented with small vesicles and
dense bodies. This type of cell change will arise about 24 hours
after an ischaemic event (Brown 1977) and 6–12 hours after
permanent ischaemia (Garcia et al. 1995). Focal cerebral ischaemia is finally associated with a total loss of neurons in the
region supplied by the occlused arteries/artery, while transient
global ischaemia yields progressive damage to selectively vulnerable populations of neurons (Smith et al. 1984).
Another phenomenon characteristically associated with permanent focal ischaemia is the process of apoptosis. This ‘programmed neuronal death’ will appear in the penumbra of focal
lesions after 1 to several hours. Morphologically, the cells are
characterised by uniformly condensed chromatin, apoptotic
bodies and darkened pyknotic cytoplasm. In recent years, an
additional set of antibodies has been identified which gives rise
to the possibility of detecting the functional loss of nerve cells
under microscopic examination, among others, the loss of
immunostaining of MAPs (see Yanagihara et al. 1990).
The morphological features distinguishing selective neuronal necrosis from pannecrosis apply in every brain region. Of
all the brain regions, the hippocampus displays a most heuristic
selective and specific vulnerability. Therefore, careful and
standardised sampling of the hippocampus is of utmost importance. The classic section of the hippocampus is seen when a
coronal section is taken from the temporal lobe at the level of
the lateral geniculate body. In rare cases, acute ischaemic CA1
necrosis can occur after only 2–4 minutes of global ischaemia.
After 2–4 minutes of global cerebral ischaemia, some CA1
pyramidal cells undergo neuronal necrosis (Smith et al. 1984).
The phenomenon of delayed neuronal death in humans is
detectable within 2–4 days in the hippocampus (Petito et al.
1987; Horn and Schlote 1992). In the CA4 sector, the area of
the dentate hilus, cells die after only small global ischaemic
insults, as they do in CA1 (Benveniste and Diemer 1988). The
pathologist should examine the dentate hilus if there is suspicion of short periods of global cerebral ischaemia, especially in
children, where microglial activation may be the only detectable
alteration (Del Bigio and Becker 1994). After CA1 cells are
affected, progressively longer or more severe ischaemic insults
will cause recruitment of CA3 cells into the necrotic process.

Lastly, the dentate gyrus, very resistant to cerebral ischaemia, is
recruited in the most severe insults.
In other brain regions, 10–12 hours after an ischaemic event,
the first gross alterations are seen characterised by a loss of
demarcation between white and grey matter, a gelatinous tissue
appearance and a reduction of tissue consistency (encephalomalacia). After a survival time of some days, the pallidum will
be softened and cystically transformed. Survival times of more
than 1 week lead to a cortical atrophy of the cerebrum and
cerebellum. The combination of ischaemia and arterial hypotension may be associated with an involvement of the brainstem and the medulla. In cases of global brain ischaemia,
necrosis of the globus pallidus and pars reticulata of the substantia nigra can occur, similar to that seen in carbon monoxide
poisoning. The brainstem may exhibit symmetrical necrosis of
brainstem nuclei. The cerebellum is regularly affected in global
cerebral ischaemia, as are the Purkinje cell as one of the most
vulnerable type of nerve cells.

Hypoxia
Hypoxia is defined by a reduction of the partial pressure of
oxygen below the normal level. In contrast to ischaemia, cerebral blood flow is maintained or even increased. This difference
has a few very important sequelae. Because of the continuous
blood flow, waste products such as lactate, acidosis, and so on,
do not accumulate. In the case of a transient hypoxic exposition, the breakdown of neuronal function will be reversible. In
hypoxia, the intracerebral vascular system always reacts functionally to a drop in PO2 and pH and an increase in both PCO2
and extracellular K+.
Hypoxia is divided into decreased supply of oxygen to the
body, decreased transport of oxygen (anaemia) and decreased
utilisation of oxygen (histotoxic hypoxia). Recognition of the
fact that hypoxia alone does not cause necrotising brain damage
is especially important in view of the fact that acute onset
hypoxia may cause prolonged coma. In contrast to ischaemia,
a pure hypoxic coma of this kind is caused by synaptic alterations, but not by neuronal cell body necrosis. The distinction
between hypoxia and ischaemia is thus of paramount importance in determining prognosis of coma, though both types of
oxygen deficits are merging into one another. If the heart has
not stopped, and blood pressure has been well maintained, or
if the heart has stopped for only a brief period and ventilation
has been adequate, then widespread pancortical necrosis and
brain death is unlikely to have occurred. If such patients die,
autopsy will reveal no significant necrosis in the brain (Auer
and Sutherland 2002).

Asphyxia
Conditions leading to asphyxia are defined by cut off of atmospheric oxygen (as in drowning or plastic bag on the head), while
cerebral perfusion continues. Asphyxia is characterised by
retention of CO2 and is associated with acidosis, hypotension
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Table 19.6 Different forensic types of hypoxia, ischaemia and asphyxia.
Term

Meaning

Spontaneous brain
perfusion or reperfusion

Ischaemia/
hypoxia

Suffocation

Deprivation of oxygen

+

Hypoxia

Enviromental suffocation

Lack of oxygen in breathable environment

+

Smothering, gagging

Blockage of the external air passage

+

Choking

Blockage of the upper airways by foreign body (bolus,
aspiration)
Manual strangulation: external compression of trachea

+
+

Drowning

Immersion induced blockade of the external air passage
and upper airways (aspiration)

+

Mechanical asphyxia

Restriction of respiratory movement of the chest by
pressure outside of the chest or upper abdomen

+

Strangulation

External pressure to the neck

+/−

Ligature strangulation

A band is tightened by a force other than the body weight

+/−

Manual strangulation

Occlusion of the vessels is produced by pressure of
hands, forearm or other limb against the neck

+/−

Mugging

Pressure to the neck by means of an arm locked around
from the rear

+/−

Hanging

Constricting band is tightened by the weight of the
victim’s body

−

Garotting

Ligature strangulation (Spanish method of judicial
execution)

–

and occasionally hypoglycaemia. From the forensic point of
view, it is important to distinguish four types of ischaemia/
asphyxia: suffocation, strangulation, smothering and chemical
asphyxia.

Suffocation
Death by suffocation is caused by a reduction of oxygen concentration in the respired atmosphere. The different types of
suffocation are listed in Table 19.6. Environmental suffocation
describes a lack of atmospheric oxygen concentration due to
high altitude sickness as well as in situations of physical displacement of oxygen, for example by gases like carbon dioxide,
nitrogen or other. A mechanical occlusion of the external respiratory orifices may be caused by sand or by a plastic bag over
the head which may cling to the face by static electricity and
occlude the external airways (accidental, suicidal, homicidal).
These types of asphyxia will not be associated with any specific
neuropathological findings at autopsy. Only in cases of drowning, the number of MAP2 expressing neurons in the hippocampal region was reduced (Kühn et al. 2005). The non-specific
finding will in most cases be a brain swelling or a brain oedema
which, however, will not be present in all victims of death by
suffocation. In cases of delayed death after suffocation, the neuropathological findings may range from being totally negative,

Intermittent
ischaemia

Ischaemia

to expressing the symptoms of brain death, each dependent on
the duration of interruption of the oxygen supply and the time
interval between the insult and resuscitation or blood reflow.
Partly, the neuropathological findings resemble the alterations
observed in cases of delayed death after strangulation (see
Chapter 21).

Strangulation
Whenever pressure is applied to the neck, there are five types
of mechanisms which may account for death in various combinations: venous obstruction, arterial occlusion, reflex mechanisms, airway collapse and mechanical neck injury. A venous
outflow obstruction of the head is most easily produced due to
the thin walls and easy collapse of veins. This accounts for the
commonly seen conjunctival and facial skin petechial haemorrhages in victims of manual strangulation, hanging, and so on.
The increase in venous pressure in cases of strangulation causes
the almost ubiquitous lesions at death: congestion of the brain
vessels and a minor SAH (‘smear’) as well as periventricular
haemorrhages. If more force is used in constricting the neck,
carotid artery compression can result. This is known to lead to
loss of consciousness in roughly 7–10 seconds. In attempting
to overcome a victim by choking or mugging, it is this period
of carotid insufficiency that is needed by the perpetrator to
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produce unconsciousness and finally subdue the victim by
obviating the possibility of further struggle and resistance.
The neuropathology of acute death by hanging is nonspecific. In cases of ligature strangulation, there is usually no
complete occlusion of the arterial vessels at the beginning of
mechanical neck compression, and the face will be congested;
petechiae and scleral haemorrhages are common as well as
swelling of the tissues. The brain examination will give evidence
of congestion and brain oedema. Specific findings are absolutely uncommon. The dynamic development of visible neuropathology in cases of strangulation is dependent on time, in
the presence of recirculation of blood. Pale nerve cell injury
may be observed in complete permanent ischaemia without
recirculation and is detectable 30–60 minutes after strangulation. Dark nerve cell injury may be detected in cases of incomplete ischaemia or in cases of severe complete ischaemia
followed by reflow. Delayed death after strangulation is a rare
event. There are no common findings as each case is characterised by an individual history regarding age, biomechanics of
strangulation, duration of strangulation or survival time, and
so on. In cases of survived hanging, infarcts in the brain have
been described, and are due to carotid artery compression.
Delayed death after strangulation may reveal ‘brain death’ after
resuscitation, or regionally an elective parenchymal necrosis,
haemorrhages in the lentiform nuclei, caudate and internal
capsule.

Smothering
Smothering may be done by a gag obstructing the nose and
mouth or by a pillow which is placed over the face and pushed
down, or – in children – by a hand. Abrasion injuries of the face
will occur if the victim puts up a resistance. No other morphological features are seen at autopsy. The same negative pathological and neuropathological findings will result from choking
(i.e. obstruction of the respiratory passage). Most often choking
is accidental in manner: unintentional inhalation of food or
other foreign bodies, resulting in obstruction of the respiratory
passage (death by bolus). Typical drowning is characterised by
an immersion induced blockage of the external air passage as
well as of the upper airways by water. The common sequelae
will be retention of carbon dioxide and convulsions. Mechanical asphyxia is characterised by mechanical fixation of the chest
(thorax compression), as well as by curare-like drugs or braininduced primary respiratory arrest (i.e. by acute morphine poisoning). In acute death, neuropathological findings are marked
by congestion without any specific findings.

After some time has elapsed, the brain can never be reperfused
due to thrombosis- and oedema-induced capillary occlusion,
and ‘brain death’ ensues.
Under normothermic conditions the sequelae of persistent
brain ischaemia by suffocation or strangulation as well as by
cardiac arrest for a time of 5–15 minutes will finally lead to an
irreversible interruption of the cerebral blood flow of the cerebrum and cerebellum with the consequence of a respiratory
arrest, while the circulation of the body may be stable. Anoxia
without brain reperfusion in cases that survived (i.e. cases on a
respirator) is more difficult to detect by morphological criteria.
Prolonged intracranial circulatory arrest and/or increased
intracranial pressure aggravated by vasogenic oedema, finally
lead to the clinical and morphological criteria of brain death.
The neuropathological alterations of a non-perfused brain
take about 12 hours to develop, although they become more
obvious in 24 hours, an important interval if the neuropathologist is called upon to confirm brain death. Within the first
24 hours it can only be diagnosed by a massive increase in
brain volume, but the increase is definitely a function of time
on the respirator. During this period, a demarcation of the
optical nerve, pituitary gland and cervical spinal cord can be
discerned.
Gross sections of the brain show a lead-coloured, greyish
cortex, a compressed ventricular system and sometimes focal
haemorrhages in white and/or grey matter. The brainstem is
often torn and is characterised by congestion and haemorrhages; herniated cerebellar tonsils (Fig. 19.69) are commonly
necrotic with necrotic tissue lodged along the spinal cord anywhere from the cervical segment to the cauda equina. This
phenomenon is considered characteristic of brain death lasting
more than 36 hours. The leptomeninges often show a quantitatively different extent of congestion; fibrin precipitation as an
indication of different regional no-reflow phenomena. In addition, haemorrhagic softening of the upper few segments of the

Permanent global ischaemia
Permanent global ischaemia constitutes brain death, and is a
direct result of a stop in cerebral perfusion. This in turn usually
also arises from either an increase in intracranial pressure or a
decrease in the mean arterial blood pressure to bring the cerebral perfusion pressure to <45 mmHg for a protracted period.

Figure 19.69 Cerebellar tonsillar necrosis in cases of
brain death.
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cervical spinal cord occurs, but is often overlooked if that part
of the cord is not dissected.
Microscopy (for review see Maith 2012) reveals a diffusely
congested and oedematous cortex with cortical neurons exhibiting various degrees of acute ischaemic changes, characterised
by dark staining nuclei and, in H&E preparations, a pinkstaining cytoplasm. As a general rule, ischaemic neuronal alterations are only observed after reperfusion lasting at least 2
hours. Primary ischaemic infarcts or haemorrhagic infarcts
result in primary or secondary occlusion of cerebral arteries.
The striking feature of the cerebellum is swelling and congestion; autolysis of the granule cell layer of the cerebellar
cortex is often observed. The brainstem reveals almost always
oedema, secondary haemorrhages, infarction, necrosis and/or
neuronal loss. The mesencephalon is distorted by local oedema
or external compression by herniating tissue of the medial temporal structures or the anterior cerebellar lobes. The whole
brain reveals congested vessels partly associated with intravascular precipitation of fibrin and subsequent loss of cellular
staining in the absence of reactive changes.
The brain death syndrome during the early phase will
microscopically be characterised by border zone reactions
(demarcation zone), reactivity and alterations of the leptomeninges. Border zone reactions are characterised by leukocytic
infiltrations accompanied by haemorrhages in the upper segments of the cervical spinal cord, in the optic nerve and in the
hypophysis. Reactivity of the leptomeninges of the spinal cord
displays an infiltration of leukocytes within the subarachnoid
space of the spinal cord. Sometime later, necrotic tissue components, especially cerebellar tissue, will appear within the subarachnoid space, partly mixed with leukocytes. A survey of the
morphological alterations is given in Box 19.1.

Box 19.1 Neuropathological findings in brain death.
Gross examination
• Increased brain weight (>12%)
• Extensive brain swelling
• Herniation (hippocampal, tonsillar)
• Brown discoloration
• Pink centrum semiovale due to poor fixation
• Poorly defined demarcation of grey and white matter
Microscopic examination
• Structural effacement/washed out tissue picture due to poor
staining
• Eosinophilia without tissue reaction
• Regressive neuronal changes
• Congestion
Borderzone alterations (haemorrhages, cell reactions)
• Anterior pituitary lobe
• C1/C3 cervical segments of the cord
• Displacement of cerebellar tissue of the subarachnoid space
of the spinal column
• Infarction of the optic tract
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Table 19.7 Functional impairment of the brain in dependence of
the duration of the disruption of oxygen supply.
Reproduced with permission from Grote (1980),
© Springer.
5s

Marked functional impairment of the central
nervous system

8–12 s

Total loss of function of the central nervous
system (loss of consciousness)

20–30 s

Formation of a flat electroencephalogram

8–10 min

Resuscitation time of the brain

4 min

Resuscitation time of the entire organism
with asystolia

Clinical experience has shown that reactivation of the neuronal functions is only possible during the first 10–15 minutes
of total cerebral ischaemia under normothermic conditions,
because nerve cells are extremely sensitive to any reduction in
oxygen supply. Complete interruption of the blood and/or
oxygen supply leads to time-dependent changes shown in Table
19.7 (Grote 1980). Even though animal studies could demonstrate the reversibility of ischaemic nerve cell damage, in normothermic humans irreversible brain death regularly occurs
within this interval of continuous anoxia. Some experimental
results, however, will give hope that the ischaemic process will
not be irreversible. We learned from the experiments of Hossmann and Kleihues (1973) and Bodsch et al. (1986) that under
certain circumstances of experimental postischaemic treatment, reperfusion will succeed – and a recovery of neuronal
function on the cellular level could be established – even after
a period of 20–60 minutes of total ischaemia of the brain.

19.4 Sharp force injury
Peter Mygind Leth
A medical examiner is often asked to perform an investigation
of a deceased victim with stab wounds at the crime scene or in
the autopsy room or to investigate a survivor at a hospital. The
topic of this section is relatively broad and includes a variety of
cases ranging from cases of self-inflicted cut or stab wounds to
homicides and accidents. What binds this section together is
the lesion type, which may be defined as sharp wounds caused
by sharp stabbing or cutting objects. In this section, we travel
from the crime scene to the autopsy room or hospital ward,
looking at the following questions. In which situations do we
encounter sharp violence, and how common is it? What are the
clinical manifestations of sharp violence? How dangerous was
the assault, and will the victim suffer permanent injury? Which
investigations must be performed at the scene or at the autopsy
table? How is it possible, based on the pattern of lesions and
the individual lesion, to determine the cause of the lesions and
investigate, describe and document the findings? Lastly, how
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can we reduce the number of people who are permanently
disabled or killed by stabbing?

19.4.1 Occurrence
Assault involving knives is a recognised problem. In European
countries, stabbing is one of the most common homicide
methods (Ormstad et al. 1986; Leth 2010). Deaths by sharp
force, most of which are homicides, account for a small percentage of the deaths investigated by legal autopsies. The perpetrators are mostly young men who are under the influence of
alcohol. The victim of a female perpetrator is usually an intimate partner. A significant proportion of homicides by stabbing involve domestic conflicts and other interpersonal conflicts
between people acquainted with each other. Many are partner
homicides with female victims (Leth 2008; Leth 2009; Au and
Beh 2011). In Europe, the majority of stabbings occur in private
homes. Rogde et al. (2000) determined from a series of 141
homicides by sharp force in Copenhagen and Oslo that 78% of
the female victims and 49% of the male victims were killed in
their own home.
Knives are commonly used in armed robberies and street
violence. Sharp force injury accounts for 10–20% of clinical
forensic examinations, and sharp force trauma is the second
most common cause of injury after blunt trauma investigated
in clinical forensic practice (Schmidt 2010).
To slit your own throat or stab yourself in the breast is a
violent and unusual suicide method that constitutes a low percentage of all suicides (Byard et al. 2002; Assuncao et al. 2009).
Most victims are men and are, on average, somewhat older than
victims of knife homicides (Byard et al. 2002; Brunel et al. 2010)
and less often alcohol intoxicated (Karlsson 1998). Only a
minority of victims are suffering from a psychosis (Fukube
et al. 2008). Ritualistic suicides by hara-kiri are mostly of historical interest.
Accidental death due to sharp force trauma is uncommon
and usually caused by a fall into a glass door or window, aquarium or other type of architectural glass surface (Karger et al.
2001). Some accidental deaths are caused by motorised
machinery.

19.4.2 Weapon types
Homicides within the family are often impulsive, and in such
cases, any sharp implement nearby may be used, such as a
kitchen knife or, occasionally, a pair of scissors. Sharp force
suicide is often committed with a kitchen knife.
In contrast, in cases of violence among strangers, it is more
common for the perpetrator to have been carrying a knife,
typically a flick-knife or a pocketknife. Any type of agent with
a sharp edge or point may be used as a weapon (Fig. 19.70). In
bar brawls, a broken bottle or drinking glass may be used, often
primarily as a blunt instrument that may shatter on impact,
causing both blunt and incised injuries. These items can also
be used as primary cutting instruments, such as by holding a

Figure 19.70 A woman murdered by her ex-husband showing the
broken handle of a bottle-opener protruding from a stab wound
to the temple. She has also been slashed in the face with a
broken bottle and cut in the neck with a grill knife.

bottle at the neck or a smashed beer tankard by the handle.
Other sharp instruments include razors, forks, chisels, screwdrivers, awls and various tools and gardening or agricultural
implements. Swords, rapiers and cutlasses are mostly of historical interest, but machetes and parangs are common in some
areas of the world. Instruments such as axes, spikes and
machetes, have sharp and blunt effects upon impact that cause
a combination of cutting injuries, and crushing of underlying
tissue and bone fractures. A laceration may result if the blade
edge is not sharp; furthermore, an axe has both a blunt and
sharp side.
The medical examiner should be informed of the type and
measurements of the knife. The weapon should be taken to the
autopsy; however, this may not be possible because trace evidence must be secured first.

19.4.3 Cause of death
The danger associated with a stab wound depends on which
organs or tissues are affected. The clinician should examine the
body for a long stab channel that penetrates vital organs, which
might be under a seemingly trivial entrance wound. Due to
shifts in soft tissue layers, the wound tract may close, resulting
in only minimal external bleeding. Hypovolaemic shock from
blood loss is the most common life threatening complication,
followed by pneumothorax. Arterial haemorrhages from major
vessels may quickly cause unconsciousness and then death. If
the bleeding originates from small vessels, the survival time will
be longer because interstitial fluid will move into the intravascular space to maintain an adequate blood volume. The blood
loss may then be several litres before death occurs. Pale organs
and sparse lividity are typical autopsy findings of acute anaemia.
If a bleeding vessel is in contact with the respiratory tract, fatal
aspiration of blood may occur (Fig. 19.71). Cardiac tamponade
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Figure 19.71 Stab track penetrating the trachea, resulting in blood aspiration.

subsequent to a stab wound will occur if the opening in the
pericardial sac is sufficiently small that blood escapes more
slowly than it is infused. This effect is seen when a narrow
pointed object is used in the stabbing. The direct effect of injury
to vital organs, such as the heart or spinal cord, may also contribute to death. If the jugular vein is severed when the body is
in an upright position, air may be sucked in and transported to
the right ventricle, resulting in an air embolism that may be
fatal.
The pathologist may be required to assess the victim’s ability
to function after having been stabbed. Lesions of the heart or
lung may not result in immediate incapacitation. Depending
on lesion severity and the amount of blood loss, the victim may
be able to function for several minutes. Transection of the
spinal cord, however, will lead to immediate incapacitation.
Subacute or chronic complications, such as infection, the
formation of a pseudo aneurysm or an arteriovenous fistula,
the formation of other types of fistulas, artery dissection,
hernias and adherences, may occur. Neurological complications
or impaired movements may result if a nerve or a tendon is
severed.

19.4.4 The scene
Crime scene technicians are responsible for managing the
scene. They must secure trace evidence at the scene before the
medical examiner is admitted. The medical examiner’s prime
responsibility is the dead body, but there are some areas of
shared responsibility regarding trace evidence on the body. The
position of the body, the distribution of blood and other trace
evidence around the body must be documented and secured
before the body is handled.
It must be determined if a stabbing is a suicide or a homicide, and this decision is usually based on features of the scene,
the autopsy findings and other circumstances. Many suicidal
stabbings occur in private and in the bedroom or bathroom
(Gill and Catanese 2002), occasionally behind a locked door

Figure 19.72 A 35-year-old schizophrenic female committed
suicide by cutting her wrist, neck and groin and stabbing her
chest in the bath of a hotel room, resulting in this bloody scene.

(Fig. 19.72). There will be no signs of struggle, and a suicide
note may be found. The deceased may even have had the courtesy to commit suicide in the bathtub. The authors have seen
an example of a suicide by stabbing in which an anatomical
atlas was placed on the coffee table facing the deceased, and
the use of a mirror as guidance has also been described (Riddick
et al. 1989). The knife is usually found near the deceased, occasionally in the hand or in the stab wound. However, in the
case of a homicide, a perpetrator may have placed the knife
in the victim’s hand to give the appearance of a suicide
(Fig. 19.73).
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may lift or move the garments aside to stab the exposed skin,
but this is not always the case (Karger et al. 2000).

19.4.5 Medicolegal findings

Figure 19.73 A 37-year-old man stabbed to death by his wife
after a domestic dispute. The knife was placed in the victim’s
left hand, but he was right-handed. He had a stab wound to the
chest and a stab wound to the back. His wife soon confessed.

The police investigation and court proceedings are assisted by
a reconstruction of the events. The medicolegal investigation
may contribute a large amount of information. All fights should
be visualised as dynamic confrontations in which the participants constantly move, and oversimplified interpretations
should be avoided. The assessment is based on both the single
lesion and the pattern of lesions.
Lesions caused by sharp force may be divided into stabs and
cuts. A stab wound is caused by thrusting a sharp implement
into the body, which causes a wound that is deeper than it is
wide, whereas incised wounds are caused by the moving of a
knife tangentially across the skin surface, which causes a wound
that is wider than it is deep.

External investigation
In homicide cases, there will be signs of struggle that include
tumbled or broken furniture, bottles and crushed glass. If the
knife has been removed from the scene, suicide is unlikely.
However, it must be determined whether a well-meaning relative removed the knife. In homicide cases in a private home,
the knife may have been cleaned and returned to the kitchen
drawer. In some cases, the knife may have been removed and
disposed of by the perpetrator.
Blood traces may be informative about the events in the
scene and must be carefully documented and analysed. Fingerprints or sole prints in blood are important pieces of trace
evidence. Forensic technicians who are specialised in blood
distribution patterns can estimate the site of the attack and the
number of impacts. Blood traces on the body should be photographed before moving the body. Resuscitation efforts may
cause blood to flow from stab wounds. Therefore, the police
must carefully record any such interference with the body. The
type, number and location of the victim’s injuries are of importance for the interpretation of the blood traces on the scene.
The forensic technician and the medical examiner should collaborate closely and exchange information, and the medical
examiner should visit the scene (Karger et al. 2008).
The clothing should be examined. If the knife has passed
through the garments, one should examine the tears produced
by the knife and compare them with the sharp lesions on the
body of the deceased. The number of tears in the clothing does
not necessarily equal the number of sharp lesions. The victim
may have been stabbed through a fold in the clothing that
caused many holes, only the clothing may have been pierced,
or there may have been no clothing covering the stab wound.
Crime scene technicians usually perform a more detailed investigation of clothing and it should be specified in the forensic
report that the investigation performed in connection with the
autopsy is preliminary. People who commit suicide by stabbing

A systematic approach is necessary in the external investigation
of a victim of sharp force violence, regardless of whether the
victim is alive or dead. It is customary to begin with the head
and continue with the neck, torso and limbs. All stabs and their
anatomical positions should be carefully measured, labelled
with a number, plotted on an anatomical diagram and photographed with a ruler, both before and after the wound edges are
drawn together with transparent tape.
The distance from the foot sole should always be measured
for a later reconstruction of the event.

The individual external stab wound
Each lesion should be carefully examined and measured. The
assessment of a stab wound may assist in the identification of
the type of sharp implement used. Determining whether one
or more knives have produced the injuries may be difficult, and
caution must be employed in the assessment. Most stab wounds
result from one-edged knives. The entrance wound from such
a knife will typically have clean-cut edges that can be approximated with one pointed end and one end that has either a fish
tail-like split or a squared-off or rounded appearance (Fig.
19.74), but both ends may appear pointed even when the blade
is single-edged. Based on the entrance wound morphology, it
is indeterminate whether the knife blade was straight or serrated. However, a serrated blade may occasionally cause abrasions if the blade has been drawn tangentially over the skin (Fig.
19.75). An abrasion from the hilt that reproduces the pattern
of the guard may be seen (Kaliszan et al. 2011) and is evidence
that the knife has been fully plunged into the victim’s body.
Bowie knives have a serrated back edge that causes the corresponding edge of the wound to be torn or ragged. Scissors may
cause an entrance wound that is indistinguishable from that
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Figure 19.74 A stab wound to the back. The upper end is
pointed and the lower end is rounded. This is from the case
described in Fig. 19.64.

Figure 19.75 A 4-year-old girl killed by her father showing
several cuts to the neck caused by a kitchen knife; the skin
abrasions were caused by a serrated blade.

caused by a knife wound if the scissors are used in the open
position. However, if the scissors are closed (unless the scissor
blades overlap completely), an atypical lightning or z-shaped
appearance may be observed. A projecting hinge screw may
cause a mark or tear in the lateral edges of the wound.
Stab wounds are often gaping, especially if they are located
over joints or are perpendicular to the skin tension lines or
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underlying muscle bundles. Untreated stab wounds, which may
be seen in torture cases, will leave a permanent scar (Leth and
Banner 2005). Stabs to the heart may be irregular because of
heart contractions.
The length of the stab lesions may suggest the width of the
knife blade, but the skin is elastic and may retract slightly, which
would decrease the size of the wound. Moreover, the contraction of underlying muscles may have the same effect. If the
knife is withdrawn at a different angle, the wound may be
extended in a linear manner. One must also take into account
the taper of the blade and the depth of penetration. If the knife
has been withdrawn along the same track along which it was
inserted, the length of the wound will indicate the minimum
width of the blade at the maximum penetration depth. If the
knife has been thrust more than once into the same wound or
if the knife has been twisted while withdrawn, the stab wound
may be V-shaped or irregular. A single stab rarely causes several
wounds. For example, this may occur if the blade perforates the
arm or a female breast before penetrating the thorax.
Cuts may be deepest at the point of entry and shallower
towards the distal end and end in a shallow scratch. The direction of the knife may thus be determinable; however, the cuts
may sometimes be deepest at the exit. If more cuts have been
applied to the same area, the cut that crosses the others will be
the one that has been applied last. Tangentially applied force by
a sharp weapon may cause significant undercutting. This is
often seen on the scalp, where cut hair bulbs can be seen on the
cut surface, or in defensive wounds on the fingers. Undercut
scalp wounds may bleed profusely.
A blunt impact close to a bony surface, especially the
cranium, may cause the skin to split cleanly so that it looks like
a cut, but bridging tissue will be found in the depth of the
wound, and there will often be abraded edges. With sharp force,
scoring on the bone surface may be observed.
The medical examiner is frequently required to assess the
amount of force used in a stabbing because this has important
legal implications in determining an alleged assailant’s intent
to cause harm. However, the severity of the wound is more
dependent on the organs that are injured than on the amount
of force used. Several experimental investigations have determined which factors are of importance for penetration (Gilchrist et al. 2008). The dynamics of a stabbing depend on the
weight, geometry and sharpness of the weapon, movements of
the assailant and the victim and number of layers penetrated,
including the clothing. The sharpness of the knife tip is the
most important factor in skin penetration. The speed of
the knife on impact is also important. The kinetic energy
that the knife possesses is proportional to its mass and the
square of its velocity. A higher maximal stabbing speed can be
achieved in an overarm attack compared with an underarm
attack. Skin is elastic and resistant to knife penetration. This is
especially the case with thick skin and if the skin is cut perpendicular to the skin tension lines (O’Callaghan et al. 1999).
However, skin is more easily penetrated if stretched out, such
as on the chest wall. When the skin has been penetrated, the
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elastic energy stored in the stretched skin is released, and no
increased force is required to penetrate the underlying soft
tissue (O′Callaghan et al. 1999). The assessment of force is
somewhat subjective. A simple grading of mild, moderate and
severe force is commonly used. A mild level of force is associated with the penetration of skin and soft tissue; moderate force
would require the penetration of calcified cartilage or rib bone;
and severe force would be typical of a knife affecting dense
bone, such as the spine, with damage to the blade. Different
types of knives require appreciably different levels of forces to
obtain the same degree of injury (O′Callaghan et al. 1999);
thus, one should be cautious when expressing an opinion on
the amount of force used.

Wound track
Wound tracks must be examined to determine the direction
and depth of injuries to the internal structures. The investigation is best conducted by dissection and not by probing. A
postmortem CT scan may be a valuable supplement to the
investigation, as mentioned below.
Assessing the blade length of a missing weapon may be
important; however, there are difficulties associated with
making this assessment. If the knife has been driven into the
wound to the hilt, the length of the wound track may be longer
than the length of the blade because tissues are compressed
during stabbing and then recoil. This is common for stab
wounds to the abdomen and less common in chest wounds. If
the blade is not inserted completely into the wound, the stab
channel may consequently be shorter than the blade. When
assessing stab depth, adjustments should be made for the position of the internal organs that are determined by the posture
at the time of the stabbing and respiration.
The direction of the thrust is often of importance for event
reconstruction. This may be assessed by careful dissection of
the tissue layers from the surface downward and performing a
comparison of injured deep structures with the position of the
surface wound. The forensic pathologist should determine the
angle of the stab channel relative to the body. This may be
assessed with a great degree of certainty if two bony structures
have been struck along the track of the stab wound, such as a
rib and a vertebra. In other cases, it may be more difficult to
determine the angle. If the body was upright when the stabbing
occurred, the tract of the stab wound in the internal organs
might shift upward when the body is placed in the supine position on the autopsy table. The variance in the relationship
between the internal and external structures during the respiratory cycle must be considered.
The direction of the stab wound track in the victim’s body
is usually the result of a dynamic situation in which both the
victim and assailant move relative to each other. Therefore, an
interpretation of how a stab may have arisen is usually not possible without further information. It is, however, often possible
to determine if a given stab has or has not arisen in a specified
manner. Event reconstruction may be helpful in selected cases.
A reconstruction may occur at the scene and include the accused

demonstrating their actions on a figurant of the same size as
the victim with a knife replica.

Numbers of lesions and patterns
The number of sharp lesions may vary between cases. In homicide cases, often only one stab to the chest that includes heart
or lung lesions is observed. If the stabbing is a result of a frontal
confrontation with a right-handed assailant, stab wounds are
usually found on the left side of the chest (Ormstad et al. 1986).
In some homicide cases, stabs or cuts may be informative about
the perpetrator’s state of mind. There will be, on average, fewer
sharp lesions if the perpetrator is a woman and often only one
lesion. In homicide cases, the stabs and cuts are frequently
aimed at the chest and neck (Ormstad et al. 1986), although
the arms or hands may be injured because of the victim’s defensive actions, and the resulting pattern is more random than that
observed in suicide cases. As the number of stab wounds
increases, more body regions are involved, including the back.
If a large number of lesions are observed, the term ‘overkill’ may
be used (Fig. 19.76). Overkill may indicate a personal conflict
but may also be observed in psychotic or sexually motivated
homicides. In cases of non-lethal violence, other areas of the
body may be the primary targets. An interview study from
Scotland indicated that knife fight participants may strike
at areas such as the stomach and buttocks to reduce injury
and usually try to avoid slashing the opponent’s face (Bannister
et al. 2010). The differences between homicidal and suicidal
stab wound patterns are listed in Table 19.8 and are described
below.
In the majority of suicides, a single or small number of
wounds are observed, but numerous self-inflicted wounds are

Figure 19.76 A 39-year-old man who was killed by his stepson
as revenge for many years of mistreatment.
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occasionally seen (Madea and Schmidt 1993; Kaliszan et al.
2010).
Multiple superficial self-inflicted scratches, cuts or streaky
reddening may be found in individuals, mostly women, who
claim to have been victims of an attack (Fig. 19.77) or in individuals suffering from mental diseases or personality disorders.
Table 19.8 Suicidal and homicidal case findings of sharp
force injury.
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Self-inflicted wounds are also occasionally seen after real sexual
assaults or long-term abuse. These wounds are always observed
in easily reachable body regions and are usually of minor severity. Sensitive body parts, such as nipples and lips are avoided.
The lesions are linear or slightly curved, equally shallow and of
uniform shape. The lesions have a grouped and parallel or
crisscross arrangement and are either distributed symmetrically or primarily on the non-dominant side of the body.
Damage to the clothes is absent or inconsistent (Fig. 19.77).
Self-injurious behaviour may be a sign of an acute life crisis,
and these individuals should be referred to proper psychiatric
or psychological care.
Injuries may be inflicted for the purpose of insurance fraud.
Most often, a finger is cut off, usually on the non-dominant
side. The thumb or the index finger has the highest insurance
compensation. In contrast to accidental finger amputations, the
cut in cases of intentional amputation is usually perpendicular
to the long axis of the finger and at the level of the proximal
phalanx. Hesitation marks may be observed. The reconstructed
position of the hand at the moment of injury may appear
unnatural (i.e. ‘execution position’). However, it may be difficult to prove that an injury was self-inflicted.

Suicidal

Homicidal

Preferred anatomical regions:
wrist, neck, thorax

More random anatomical
distribution

Single or a few deep wounds

Any number of deep wounds

Stab tracts are often
descending

Stab tracts in different
directions

Hesitation wounds

No hesitation wounds

Regularly repeated wounds

Irregularly repeated wounds

No defensive lesions

Defensive lesions

Only accessible parts of the
body are injured

Other parts of the body may
be injured

Avoidance of areas with high
sensitivity to pain

No avoidance of areas with
high sensitivity to pain

Sharp force injuries to different body regions

Often extensive blood traces
on the victim’s hands

Often less blood on the
victim’s hands unless from
defensive wounds

Head

Usually no other signs of
struggle

May be other signs of
struggle

Clothing may be spared

Clothing almost never spared

(a)

Sharp violence toward the head may cause lesions on the face
or scalp. A stab wound rarely penetrate the cranium to the
brain, usually through the thin bone in the temple or the eye.
In cases of an attack with a broken bottle, many bleeding cuts
to the face may result (see Fig. 19.70).

(b)

Figure 19.77 (a) A 45-year-old woman who claimed to be a rape victim displaying multiple, superficial, self-inflicted cuts. (b) Note the
inconsistency of tears in the clothing.
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Figure 19.79 A 75-year-old man murdered by his wife, showing
homicidal cuts to the neck and face.

Figure 19.78 Self-inflicted cuts to the neck. This image is from
the case mentioned in Fig. 19.63.

Neck
Incised injuries to the neck are predominantly homicidal or
suicidal and only occasionally accidental. Self-inflicted neck
cuts are characterised by many separate shallow cuts and linear
abrasions and one or a few deeper lesions, which may sever the
great neck vessels and the trachea or larynx. The shallow lesions
are termed ‘tentative’ or ‘hesitation’ wounds (Fig. 19.78). A selfinflicted neck cut by a right-handed person will often begin
high on the left side and pass downward across the front to
terminate at a lower level of the left side. The cut is usually
deeper at the origin and then lessens as it reaches the end. Such
wounds are often unusually clean-cut because the skin is manually stretched out before the cut is made. Self-inflicted incised
wounds may be surprisingly deep and may occasionally graze
the vertebrae.
Homicidal neck incisions or stabs are more irregular and
haphazardly placed and are often, but not always, deeper (Fig.
19.79). If the victim is a small child or has been sleeping or
unconscious, it will be easier for the perpetrator to make a clean
cut. In such cases, the neck may be almost completely severed
or, in cases involving infants, completely severed.
Accidental sharp injury to the neck is occasionally seen in
traffic accidents or accidents involving glass, often windows.

Extremities
Multiple parallel incisions to the ventral aspect of the wrist or
elbows are typical of self-inflicted injury (Fig. 19.80). These
injuries are primarily perpendicular to the wrist, but some may

be longitudinal or oblique, and bilateral involvement is common
(Byard et al. 2002). The incisions are usually shallow and rarely
lethal, even when the radial or ulnar artery is severed (Leth
1996). Multiple linear scars after such self-inflicted incisions
may be seen in individuals who have died from other causes.
These scars may be an indication of previous self-inflicted
harm.
Defensive injuries most frequently present as cuts or stabs
on the forearms and hands (Fig. 19.81) and are traditionally
divided into active and passive defensive injuries. Passive defensive injuries occur if the victim tries to ward off an attack by
raising his/her arms, which causes stabs or cuts to the dorsal
side of the hand, forearm and upper arm. Active defensive
injuries occur when the victim grabs or clutches the blade,
thereby cutting him/herself in the palms and ventral surface of
the fingers or in the web between the thumb and index finger.
The differentiation between active and passive defensive injuries should not be used too rigidly; the many possible interactions between the victim and perpetrator must be considered.
In some autopsy studies, two-thirds of defensive wounds to the
arms and hands were seen on the left-hand side, but this cannot
be demonstrated in studies of victims who survived an attack
(Schmidt 2010). Some survivors have only defensive injuries,
which is most likely because the attacker primarily used a knife
to threaten the victim. Defensive wounds are occasionally seen
on the thighs or shins when protecting the abdomen and genitals. Defensive injuries are of medicolegal importance because
they indicate that the victim was conscious and actively tried
to defend against an attack. Defensive injuries may be completely absent in victims who were severely alcohol intoxicated
at the time of the attack (Racette et al. 2008). The number of
defensive wounds is high in individuals with many stab wounds
to other parts of the body, most likely resulting from protracted
fights (Rouse 1994).
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Figure 19.80 Self-inflicted cuts to the left arm. This image is from the case described in Figs 19.63 and 19.69.

Figure 19.81 Defensive wounds to the left hand. This image is
from the case described in Fig. 19.61.

When investigating the perpetrator, one should investigate
the hands for cuts that may have occurred if the perpetrator
had lost his or her grip on a handle that had become slippery
with blood. This may occur after hitting solid resistance, such
as a bone with a knife that does not have an adequate hand
guard. The blade may either wound the palm of the dominant
hand, often in the web between the thumb and index finger,
or the fingers, depending on how the edge was orientated
and the hand grip. If the blade protrudes to the ulnar side
of the fist with the edge side facing up, the cuts will be on the
flexor side of the fingers in a step-like arrangement when
the fingers are extended, with decreasing depths of the cuts
in the ulnar-radial direction. If tendons are severed and the
tendon stumps are strongly retracted, this would suggest that
the knife was held in a firm hand grip at the moment of injury
(Schmidt 2010). In contrast, defensive wounds are seen on both
dominant and non-dominant hands and are predominantly
located on the radial side, with the little finger less frequently
affected.

Figure 19.82 A 43-year-old homosexual man who was stabbed
in the neck, chest and abdomen by his lover. The stab wounds
have a random distribution.

Chest
Stabs in the thoracic region are commonly seen in homicides
and occasionally in suicides. In homicide cases, it is characteristic for the ribs to be severed, and the stab patterns have a
random quality (Fig. 19.82). In contrast, in suicide cases, stabs
are typically located between the ribs and have a horizontal
orientation (Brunel et al. 2010). There may be many stabs,
which are frequently shallow (i.e. hesitation stabs), but they
have a regular pattern and are parallel. Because most people
know that the heart is on the left side, the lesions will typically
be in the left precordium (Fig. 19.83).

Abdomen
Stabs to the abdomen are common in homicides and occur
occasionally in suicides in which the epigastrium is the preferred region. The author once saw a suicide victim with a stab
wound to the epigastrium. There were several ‘hesitation-type’
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stabs to the liver (Fig. 19.84) and one deep stab to the heart, all
of which were from the same entrance wound, but with different directions.

19.4.6 Postmortem computed tomography
CT can detect a high percentage of stab wounds, and it is often
possible to determine the depth and direction of the wound

track (Schnider et al. 2009). The information gained from CT
is often more reliable than the information that can be obtained
from dissection or probing. Such invasive techniques change
the anatomy, whereas CT shows the undisturbed anatomy.
However, caution should be exerted when measuring the
channel depth in soft tissues because the channel may collapse,
causing measurements to be too small. Notably, not all stab
wounds can be visualised on CT, especially if there are many
closely grouped wounds and if the wounds are superficial. CT
findings should be correlated with findings from the external
examination. CT can easily detect skeletal injuries, which are
indicators of thrust force. Glass fragments can usually be visualised by CT. Instillation of contrast medium in the stab wound
tract has been experimentally investigated (Bolliger et al. 2010).

19.4.7 Prevention
The people who carry knives in public places are primarily
socially disadvantaged young men with a criminal record
(McVie 2010). Peer and family influences, as well as community
disintegration, illicit drug activity and a lack of educational and
employment opportunities, contribute to weapon carrying.
Preventive strategies may focus on these socioeconomic factors
and also include measures such as a ban on carrying knives in
public places, stop and search powers, increased prison sentences, community education and awareness raising campaigns
(Eades et al. 2007; Bannister et al. 2010). The use of broken glass
as a weapon, which is termed ‘glassing’, may be avoided by
introducing tempered glass in bars and pubs.

Acknowledgements
Figure 19.83 A 42-year-old woman suffering from disseminated
sclerosis who committed suicide by stabbing herself in the chest.
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Some passages of Section 19.2 have been taken from the
chapter ‘Blunt force trauma’ by S. Pollak and P. Saukko in Wiley
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Figure 19.84 A 53-year-old man who committed suicide by stabbing. There was a single entrance wound in the epigastrium, several
superficial hesitation-like stabs to the liver (a), and one deep stab to the heart (b). He had also lit some candles and turned on the gas,
which caused an explosion and a fire. The body was severely charred, but it could be seen that the zipper of his overalls had been
opened, exposing the skin.
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Forensic Ballistics: Injuries from
Gunshots, Explosives and Arrows

Bernd Karger

20.1 Introduction
The term ballistics originates from the Greek, originally
meaning the science of the trajectories of thrown objects. Today,
this term describes the science of gunshots, which can be subdivided into the three branches: interior (inside the firearm),
exterior (from muzzle to target) and terminal (target) ballistics.
In cases of biological targets, terminal ballistics is also called
wound ballistics.
Forensic ballistics can be briefly defined as the application
of ballistics for forensic purposes. The major task of this heterogeneous discipline is the reconstruction of events producing a
gunshot injury. For this purpose, basic knowledge of firearms
and ammunition as well as of interior and exterior ballistics is
necessary. This is especially true for wound ballistics. Every
forensic pathologist should know how gunshot injuries are produced. Compared to other wounding agents relevant in traumatology, bullets have a special position due to their physical
characteristics: the mass is small and the velocity is high. The
resulting penetration mechanism and injury are rather unique
and have to be understood to investigate gunshot incidents
effectively. Determinations of the direction of a gunshot, the
range of fire, the sequence of gunshots and other aspects to be
solved are all based on wound ballistics.

20.2 Firearms
For the production of gunshot wounds, specialised tools are
needed. It is therefore necessary for the forensics expert to
acquire at least a basic knowledge of firearms and bullets.
Handbook of Forensic Medicine, First Edition. Edited by Burkhard Madea.
© 2014 John Wiley & Sons, Ltd. Published 2014 by John Wiley & Sons, Ltd.

20.2.1 Basic components
Conventional firearms follow a simple common principle: a
propellant explodes inside a closed room and the resulting
overpressures act on the rear of the bullet, thus accelerating it
along the barrel and out of the muzzle. For this, all firearms
have some basic components (Fig. 20.1).

Barrel
The barrel provides the track to accelerate the bullet. The bore
can be smooth or it can have rifling (i.e. spiral grooves cut over
the length of the interior surface of the barrel). The resulting
spiral elevations, called lands, are raised 0.1–0.2 mm compared
to the grooves, and press firmly into the exterior surface of the
bullet. This guidance imparts a rotation to the bullet around its
longitudinal axis, thus stabilising the bullet during free flight
similar to a gyroscope. Rifled barrels therefore commonly fire
bullets and smooth barrels fire spheres, mostly shot pellets. The
barrel’s rear end enlarges to the chamber for loading the cartridge. The diameter of a barrel, in rifled barrels measured
between lands, is called the calibre.

Breech and lock
The breech (action) seals the rear end of the barrel/chamber
tightly so that the cartridge case cannot move backwards during
firing and no expanding detonation gases can escape. The
breech can be opened for ejecting the spent case and loading a
new one but it has to be locked if the gun is ready for firing.
This is done by the lock (bolt). The lock contains the cocking,
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triggering, firing and safety devices. For firing a gunshot, the
trigger, trigger bar, main spring, hammer and firing pin are
necessary. Pulling the trigger drops the hammer and thus the
firing pin, which ignites the primer located at the base of the
cartridge. The safety device locks or disconnects one component of the trigger chain. The proof mark is frequently located
at the breech.

Sights
For aiming purposes, short-barrelled firearms and shotguns are
commonly equipped with a front and rear sight which have to
be in line. For precise distant gunshots of rifles, telescopic sights
can be mounted.
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20.2.2 Classification of small arms
Firearms can be categorised according to various criteria (Fig.
20.2). Contrary to long-barrelled weapons, hand guns (short
barrel) can be operated with one hand. Single shot weapons
have to be loaded after each firing. Multishot weapons commonly have a magazine. The loading process is done manually
in bolt-action (mostly rifles) and break-action (mostly shotguns) weapons. If loading of a new cartridge is performed
automatically and firing is done manually, it is a self-loading or
semi-automatic firearm. This applies to almost every pistol, so
that these are sometimes called semi-automatics. If firing can
also be done automatically (serial or full automatic fire), this is
a fully automatic weapon.
Among long-barrelled firearms, rifles have a rifled bore and
shotguns have a smooth bore. Hand guns commonly have a
rifled bore and are subdivided according to the construction:
in pistols, the barrel and the chamber are tightly connected or
made from one piece while in revolvers or revolving pistols,
there are five or six chambers in a cylinder which is separated
from the rear of the barrel by a fine gap. Finally, submachine
guns are fully automatic weapons, constructed for pistol calibre
ammunition while machine guns chamber rifle cartridges.

Revolvers

Figure 20.1 Sectional view of a pistol including the trigger (1),
trigger bar, hammer (2) and firing pin (3) as well as the
magazine (inside the grip), barrel (4), slide and recoil spring (5).
Courtesy of Dr A. Wacker, Münster, Germany.

Short-barrelled weapons are intended for short distances. In
revolvers (Fig. 20.3), there is a gap between cylinder and barrel
approximately 0.1 mm wide where gases can escape. Most
revolvers are made from a solid frame where the cylinder is
mounted on a crane and can be swung out for loading the
chambers. Cocking the hammer rotates the cylinder (revolver
= to roll over, to rotate) which brings a new cartridge in line
with the barrel. If the hammer, which drops the firing pin, is
cocked manually before pulling the trigger, this is a singleaction mode of operation. In a double-action revolver, one pull
on the trigger cocks the hammer, rotates the cylinder and then

Small arms

Short barrel

Revolvers

Cylinder
revolver

Bundle
revolver

Figure 20.2 Classification of conventional firearms.

Pistols

Long barrel

Rifles

Shotguns Combined
weapons

- Single loader
- Repeater/bolt-action
- Semi-automatic
- Fully automatic

Break-action/
drop-barrel/
tip-up
(single loader)
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drops the hammer in one continuous operation. The trigger
pull weight in single-action revolvers is reduced (approximately
20 N) compared to double-action modes (approximately 80 N).
What distinguishes revolvers from pistols in more practical
terms is the simple and reliable mechanism. The most popular
manufacturers are Colt and Smith & Wesson. Colt started manufacturing the famous Single Action Army model (‘Peacemaker’) in 1873 but Colt and revolver are not synonyms.

Pistols
The large majority of pistols are self-loading or semi-automatic
(see Fig. 20.3) but there are single-shot pistols mainly intended
for target shooting, and Derringers (i.e. small tip-up pistols).
Semi-automatic pistols have a slide with an integral breechblock. The expanding gases inside the chamber, or the recoil
motion, move the slide and breechblock to the rear, which ejects

the spent cartridge case through a port at the side of the slide
and supplies at the same time a new round from the magazine
inside the grip. The gun will be ready to fire 0.1–0.2 seconds
after the last gunshot. Pistols can be fired in single- or doubleaction mode. The magazine contains approximately 5–20
rounds but a pistol can always hold one more cartridge inside
the chamber.

Rifles
Long-barrelled firearms can tolerate higher gas pressures due
to the more solid breechblock construction and the longer
barrels increase the precision. This allowed the construction
of two very different types of firearms: rifles and shotguns
(Fig. 20.4).
Rifle actions can be divided into single-shot, bolt-action,
self-loading and pump-action rifles where the breechblock is
attached to a moveable fore-end similar to a bolt handle. The
rifled bore, long barrel and rather high muzzle velocities
(approximately 600–1000 m/s) make the rifle a precise firearm
for long distances (point shot). A reduced trigger pull weight
increases the shooting accuracy. Therefore, many hunting rifles
have a hair trigger (i.e. a second trigger) which, if pulled,
reduces the trigger pull weight from 20–30 N to less than 1 N.
This makes a rifle with a hair trigger susceptible to accidental
discharge. Assault rifles are military fully-automatic rifles, the
most famous being the Kalashnikov-models AK-47 and AK-74.

Shotguns

Figure 20.3 Short-barrelled firearms: .38 special revolver by
Smith & Wesson (top), .22 semi-automatic pistol by Star (below).
Courtesy of Dr A. Wacker, Münster, Germany.

Shotguns (see Fig. 20.4) have a smooth bore and commonly fire
a multitude of shot pellets or, in some instances, one solid lead
projectile (shotgun slug). Shotguns are frequently single- or
double-shot weapons with one or two barrels hinged to the
frame for loading (break-action gun, tip-up shotgun) but there
are also bolt-action, self-loading and pump-action firearms.
The calibre of shotguns is designated by pure numbers – the
smaller the number, the larger the bore.

Figure 20.4 Long-barrelled firearms: semi-automatic shotgun calibre 12/76 (top), 7 × 64 mm rifle including a telescopic sight (bottom).
Courtesy of Dr A. Wacker, Münster, Germany.
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After leaving the muzzle, the small mass of individual shot
pellets causes a pronounced deceleration in the air, and the
pellets also show a dispersion crossways and alongside. Deceleration and crossways dispersion limit the effective range of
shotguns to approximately 50 m depending on pellet size. Since
dispersion allows covering of the target, shotguns are intended
for small and moveable game at rather short distances (spread
shot). The pellet dispersion can be modified by the choke, a
narrowing or constriction of the muzzle end of the barrel which
delays dispersion. There are full choke, ¾ choke, ½ choke, ¼
choke and cylinder bore shotguns.
Hunting weapons are rifles, shotguns or combined weapons.
Shotgun/rifle combinations can consist of one shotgun and one
rifle barrel (twin type) or two shotgun barrels and one rifle
barrel (triplet type). The barrel combinations can be positioned
side by side (double-barrel version) or over-and-under.

20.2.3 Special firearms and resulting
injuries
Black powder firearms
Muzzle loading black powder firearms provided with a percussion cap were widely disseminated in the 19th century. Modern
replicas are easily available in many countries. Most weapons
fire lead spheres from rifled barrels. The rifling does not impart
a spin to a sphere but achieves a tight fit of the projectile inside
the barrel, thus increasing the shooting accuracy and preventing gases from escaping.
Black powder consists of sodium or potassium nitrate, charcoal and sulphur. The special characteristics such as slow and
incomplete combustion result in a restricted muzzle velocity, in
a gross excess of expanding gases and gunshot residues leaving
the muzzle, and in pronounced thermal effects in close range
shots. The soft lead spheres commonly show considerable
deformation in soft tissues, resulting in large permanent wound
cavities. In contact or near-contact gunshots, the expanding
muzzle gases can contribute substantially to the overall wounding effect.

Air weapons
Air-powered guns fire 4.5 mm (0.177) or .22 projectiles from
rifled or smooth-bore barrels. There are short- and longbarrelled weapons. Most 4.5 mm projectiles have a mass of 0.5 g,
the shape can be blunt (Diabolo), oblong or spherical. The
compressed air can be produced by different mechanisms. The
air can be pumped into a storage chamber (pneumatic type).
A powerful spring can be compressed by manual action (springair compression type) or a disposable gas cartridge (CO2) is
used as propellant (gas-compression type).
Air weapons can produce muzzle velocities of approximately
70–220 m/s. Due to the low sectional density, the velocity loss
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in air and tissues is considerable. The border velocity of 4.5 mm
spheres for penetration of the skin is about 100 m/s, and for
penetration of the eye globe about 80 m/s. Most air-powered
projectiles therefore have the capacity to penetrate the skin or
cornea from limited ranges of fire. Disruption of the eye globe
has occurred repeatedly, as have penetrating injuries to the
head, thorax and abdomen including fatalities. In particular,
the thin temporal bone can be perforated. If clothing is involved,
the combined textile–skin barrier is commonly not perforated
by the projectile, producing a haematoma below the impact
site.

Captive bolt devices
Captive bolt devices are used in cattle slaughtering, mostly in
Middle-European countries. A captive bolt, 7–10 cm long and
10.5 or 12 mm in diameter, is driven out of the muzzle by discharge of a blank cartridge, mostly of calibre 9 mm. Free flight
of the bolt is prevented by the construction of the device. The
bolt is commonly circular and the concave frontal surface has
sharp edges. The frontal surface of the device has two to four
gas vents.
Injury therefore commonly presents as punched out skin
and bone defects. The tabula interna can show internal bevelling. The skin defect is surrounded by bullet wipe-off. The
wound tract can be longer than the bolt and at the end there is
a plug of bone and skin.
In German-speaking countries, a large number of suicides
have been reported, but homicides also occur. Most captive bolt
devices are used similarly to the original purpose by firing in
contact with the frontal or parietal regions. In these cases, skin
defects show soot deposits in the vicinity depending on the
number and location of the gas vents. Since these can be divergent, the range of fire can be estimated from the location of the
soot deposits in the case of non-contact injuries.

Stud or nail guns
These are industrial tools firing nails or studs into constructive
material. The special blank cartridges of calibres 5.6–10 mm
have different strengths. The nails can reach velocities of more
than 150 m/s. Stud guns have a guard at the frontal surface
which has to be pressed firmly against a surface so that the
device can be fired. However, this safety mechanism can be
overcome by depressing the safety guard with one hand or by
a similar action.
Most injuries are accidental after nails have perforated a
structure or have ricocheted off a surface. After ricochets, the
nails or studs are commonly bent. After contact shots, there can
be an outer muzzle imprint from the safety guard and the high
sectional density of the nails can produce deep penetration of
tissue similar to an arrow. In non-contact shots, the nail/stud
commonly tumbles and can only penetrate deeply if it strikes
with the tip first.
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Zip guns
Zip guns are simple homemade firearms or conversions of
blank guns to firearms. Construction and quality of the guns
vary considerably. The simplest construction is a metal tube in
which a conventional cartridge, mostly .22, is inserted while
complicated zip guns resemble conventional firearms. Some
crude types constitute more of a danger to the person operating
the gun than to an intended victim. Most frequently, the barrel
tube can burst and the firing pin acts like a nail. Otherwise, the
rear part of the apparatus or the complete zip gun can be hurled
backwards violently.
Most zip guns have an oversized chamber and barrel without
rifling, resulting in reduced muzzle velocity, unstable bullet
flight and considerable gas leakage from chamber and barrel.
Consequently, pronounced soot deposits and heat effects occur
frequently following close range gunshots and rifling marks are
lacking. A hand firing zip gun can show extensive and atypical
soot deposits and even corresponding skin ruptures. Low velocity and an unstable bullet flight make most zip guns a shortrange weapon.

Pen guns and signal guns
Pen guns are used to fire tear gas or to give a signal in case of
emergency. Many pen guns are designed to resemble ballpoint
or fountain pens, lighters or other devices. Generally, inside the
pen there is a metallic cylinder housing a spring-loaded metal
rod, which acts as a firing pin. The open end of the cylinder is
threaded. An interchangeable signal or tear gas cartridge or an
additional threaded cylinder serving as an auxiliary barrel is
fixed to this end. In the latter case, conventional live ammunition can be fired. Most barrels are smooth bore.
The short barrel, the lack of rifling and the loose fit of the
cartridge and bullet result in low muzzle velocities reaching
one-third to one-half of the original one; and there are no
rifling marks present. Except for the effects of the low velocity
(i.e. low penetration power and lack of bullet deformation), the
use of an unconventional firearm cannot be expected. The cylinder barrels can break and accidental deaths due to dropping
the pen gun on the ground with subsequent discharge of the
round have occurred.

So-called non-lethal projectiles
In riot control, so-called non-lethal devices have been introduced. Some of these devices use projectiles accelerated by different weapon designs. However, the wounding effect of a
projectile depends on the projectile itself but also on the point
of impact and the course of the trajectory. Consequently, almost
every projectile can be lethal in one case and non-lethal in
another case.
Large but light-weight rubber or plastic projectiles have a
low sectional density and therefore commonly do not perforate.
However, the rapid velocity loss in air is an issue, and the pen-

etration capacity depends to a large extent on the clothing
covering the skin. Therefore, perforating injuries to the head,
thorax and abdomen have occurred as well as non-perforating
but severe contusions of the heart, lungs and brain. The calibre
varies from 12 gauge to 60 mm, for example MR-35 Punch
(calibre 35 mm). Furthermore, there are cartridges containing
a number of rubber spheres for shotguns and larger calibres.
One variant is the projectile expanding in front of the muzzle
from the muzzle gas pressure or the air resistance. The ‘Short
Stop’ cartridges, for example, use a small sack containing pellets.
Projectiles expanding during the impact avoid the problem of
rapid velocity loss in air but deformation is a process taking up
a certain time period. Consequently, perforations can occur
before deformation is complete.
Conventional cartridges containing rubber and plastic
bullets are also used for practicing and indoor-shooting.

20.2.4 Ammunition
Cartridge
A conventional small arms cartridge (Fig. 20.5) consists of a
cartridge case, a bullet, a primer and the propellant (gunpowder). The bullet is fired when the firing pin hits the impact
sensitive primer composition at the rear base of the case. The
primer ignites the propellant inside the case and the resulting
expanding gases act onto the rear base of the bullet, driving it
from the case through the barrel and out of the muzzle.
The cartridge case, which seals the combustion chamber
additionally, is commonly made from brass. Rimmed and
belted cartridge cases have an extractor flange larger in diameter than the cartridge case body while it is smaller in rimless
cartridge cases. The rear base commonly carries a head stamp
stating manufacturer and calibre.
A selection of conventional cartridges is depicted in Fig.
20.6.

Primer and propellant
Rimfire ammunition is an old type in which the firing pin hits
the cartridge case base (and the primer compound) eccentrically. Today, rimfire ammunition is almost exclusively produced
in calibre 5.6 mm (.22), euphemistically called ‘small bore’. All
other conventional cartridges are centre-fire ammunition
where a central pocket at the base contains the primer cap. The
propellant is ignited via flash holes, Boxer and Berdan primers
differ in the construction of the holes. In ‘experimental’ caseless
ammunition, the propellant is located around the bullet as a
single solid piece without a cartridge case. Flobert cartridges
are a simple type where primer and propellant are identical.
The primer composition used to contain lead and barium
but modern compositions are free from these elements. The
classic propellant was black powder, burning rather slowly and
incompletely, and thus showing a pronounced soot discharge,
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Figure 20.5 Sectional views of centrefire cartridges: (a) schematic illustration, and (b) rifle cartridge (left) and pistol cartridge (right).

Figure 20.6 Overview of conventional cartridges. From left to right: 7 mm Remington Magnum, .308 Winchester, .223 Remington (rifle
cartridges), .44 Remington Magnum, .357 Magnum, .38 special (revolver cartridges), .45 Automatic Colt Pistol, 9 × 19 mm Luger
(Parabellum), 7.65 mm Browning (pistol cartridges), .22 long rifle (rimfire cartridge) and 12/67.5 shotgun cartridge. Horizontal
cartridge: oversized .470 Nitroexpress 9.9 cm in length for hunting very large game.

a large amount of flames and sparks and a low energy output.
Modern propellants are smokeless nitro powder, either single
base powder/nitrocellulose powder or double base powder/
nitroglycerin powder. Nitro powder is manufactured in different forms, which influence the combustion velocity.

Bullet
There are several types of bullet constructions (Fig. 20.7). The
traditional lead sphere of muzzle-loading black powder
weapons was first replaced by oblong lead bullets in rifled fire-

arms. Solid lead bullets are commonly made from antimony
lead but a variety of material is also used.
A jacketed bullet has a lead (or steel) core and a thin jacket
made from tombac-plated steel, gilding metal or a similar stable
material. The lead core provides the mass of the bullet while
the jacket increases the form stability. If the tip of the bullet is
included in the jacketing, this is a full metal jacketed (FMJ)
bullet. All military bullets are FMJ because deformation or
fragmentation are not intended due to international treaties.
Armour-piercing bullets have a hard steel core such as tungsten.
In partial metal jacketed ammunition, the jacket is open at the
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Table 20.1 The mass and muzzle velocity of a selection of
conventional pistol and revolver bullets. Approximate
values from a broad range of different manufacturers
are given. Energy values are deliberately not stated.
Calibre designation

(a)

(b)

(c)

(d)

Figure 20.7 Sectional view of basic bullet types. (a) Solid (lead)
bullet. (b) Full metal jacketed bullet. (c) Semi-jacketed bullet
(‘soft point’). (d) Hollow point (semi-jacketed) bullet.

tip of the bullet to expose the lead core. Since the maximum
pressures during perforation of a dense medium occur at this
location, these bullets are intended to deform and possibly to
fragment. The exposed lead tip of semi-jacketed hollow point
bullets has a cavity in it while the tips of semi-jacketed soft
point bullets are rounded, pointed or flattened.
Tracer bullets are FMJ and have a tracer composition at
the base. In addition, there is a great variety of special bullet
constructions such as exploding bullets, shaped charges,
fragmenting/frangible bullets, solid bullets from copper alloys
or so-called non-penetrating bullets. For hunting purposes,
various special bullet constructions such as Nosler, ABC or
Brennecke Torpedo Ideal intended to deform and fragment
have been developed.
The configuration of the tips of bullets is important for
interior, exterior and wound ballistic reasons. Among others,
there are round nose (conical), wadcutter (flat cylinder), semiwadcutter and hollow point bullets.

Calibre
Calibre designations can be confusing for several reasons.
Firstly, the term calibre refers to the diameter of the bullet or
more precisely to the bore measured from land to land, but it
also expresses dimensions (and content) of cartridges. Secondly, metric and Anglo-American units are applied. Thirdly,
additional expressions such as the length of the cartridge case
or names are used. Fourthly, shotgun calibre designations differ
completely. The term Magnum, for example, expresses that the
propellant load is increased compared to a standard cartridge
of the same diameter.
For pistol ammunition (Table 20.1), the metric system is
commonly used and due to the rapid loading mechanism,
rimless cartridge cases including a groove for the extractor are
preferred. Revolver ammunition (Table 20.1) is described in
inches and rimmed cartridge cases are common. Rifle ammuni-

Bullet
mass (g)

Muzzle
velocity (m/s)

.22 short (5.6 mm short)

1.8

290

.22 long (5.6 mm long)

1.8

360

.22 long rifle

2.5

330

.22 Magnum

2.6

615

6.35 mm Browning (.32
Automatic Colt Pistol)

3.2

230

7.63 mm Mauser

5.5

430

7.65 mm Browning

4.7

300

9 × 18 mm Police

6.1

300

9 × 19 mm Parabellum (Luger)

8.0

350

9 mm Makarov

6.1

340

14.9

260

7.62 mm Nagant

7.0

290

.32 Smith and Wesson

5.5

200

.38 Smith and Wesson

9.4

210

.38 Smith and Wesson special

10.2

260

.45 Automatic Colt Pistol

.357 Magnum

10.2

430

.41 Magnum

13.6

450

.44 Remington Magnum

15.6

440

tion may be military or for hunting purposes. Worldwide there
are four main military calibres (Table 20.2) while there is a great
variety of hunting calibres from .22 rimfire to large game
ammunition such as .375 Holland & Holland Magnum or .470
Nitroexpress.

Shotgun ammunition
Shotgun ammunition shows several special characteristics. This
starts with the nomenclature. Shotgun calibres are named with
a pure number (gauge). The gauge represents the number of
pure lead balls of the given bore diameter making up 1 English
pound. Therefore, a low gauge such as 12, designates a large
calibre and vice versa. A second number refers to the length of
the unfolded cartridge case, mostly 65 or 70 mm.
Traditional shotgun shells consist of paper tube, brass head,
primer, propellant, cardboard over power wad, cardboard filler
wad, lead shot and over-the-shot wad (Fig. 20.8). The filler wad
keeps the gas behind the pellets and protects the shot against
the blast of hot gases, thus preventing deformation or fusing of
the pellets. Modern shot shells are made from a plastic shell and
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Table 20.2 The mass and muzzle velocity of a selection of rifle
bullets for military and hunting purposes or both.
Again, these are approximate values depending on the
actual load of different manufacturers. Energy values
are not stated because they are secondary to mass
and velocity.
Calibre designation

Bullet
mass (g)

5.45 × 39 mm Kalashnikov

3.45

7.62 × 39 mm Kalashnikov

8.0

710

5.56 × 45 mm NATO

4.0

930

7.62 × 51 mm NATO

9.5

830

.222 Remington

3.2

980

.243 Winchester

5.2/6.5

7 × 64 mm

11.2

850

.30 M1 Carbine

7.1

600

.30-06 (7.62 × 63 mm)

9.8

830

.30-30 Winchester

11.0

680

.303 British

11.2

750

.308 Winchester

9.6

830

.300 Winchester Magnum

9.7

1030

.375 H&H Magnum

17.5

830

Load of shot/pellets

Shot shell

Muzzle
velocity (m/s)

Wad

900

Powder/propellant

Primer

1050/960

the materials of the wads are replaced by plastic or a similar
substance. Plastic cup wads also prevent deformation of pellets
from rubbing against the inner wall of the barrel.
Depending on the country, the size of the shot pellets varies
from approximately 1 to 9 mm. A 12/70 gauge shot shell contains approximately 230 pellets each 3 mm in diameter. Smaller
pellets (<4.6 mm) for hunting birds and small game are called
birdshot, larger pellets (6.10–9.14 mm) are called buckshot. The
shot size is also described by pure numbers from 12 to triple 0
(000): again, the smaller the shot number, the greater the pellet
diameter. Instead of firing pellets, shotgun slugs can be used for
hunting large game. The Brenneke, Foster and sabot slugs represent large lead projectiles with a mass up to 30 g. The smooth
bore and therefore the lack of a stabilising spin, however, limit
the shooting accuracy and thus the effective range.

Special ammunition and resulting injuries
There is a large variety of special cartridges. Ammunition containing pellets is also produced for short-barrelled guns, mostly
Flobert cartridges without a separate propellant. Flobert cartridges calibre 4 mm have light-weight bullets frequently used
for practice. Sabot ammunition consists of a bullet smaller than
the firearm calibre covered by a plastic sabot. The sabot, which
receives the rifling marks, disconnects from the bullet after
leaving the muzzle. Flechettes are small arrow-shaped projec-

Figure 20.8 Sectional view of a conventional shotgun cartridge.
Traditional wads are made from felt, while modern cartridges
contain a plastic cup construction.

tiles with a metal tail fin. Some large cartridges contain a multitude of flechettes. The wound ballistic behaviour is similar to
that of arrows.

Blank and tear gas cartridges
Blank cartridges do not contain a bullet and produce a bang
while tear gas cartridges spray chemicals. Both can produce
lethal wounds from close range, especially in contact gunshots,
due to the high energy density of the gas jet in front of the
muzzle. In some types, small particulate matter is also accelerated. Most weapons are calibre 6, 8 or 9 mm. The firing of a
convential bullet is prevented by constructive devices such as
under-calibre barrels. Tear gas cartridges contain CN (chlorazetophenon) or CS (chlorbenzolmalonnitril) instead of a bullet,
which is blown out of the muzzle. In close-range gunshots, the
gas can produce burning pain and unstoppable flow of tears
while particulate matter can cause cornea abrasions.

20.2.5 Interior ballistics
Interior ballistics deals with the processes inside the weapon
from the moment the firing pin hits the primer to the time the
bullet leaves the barrel. Therefore it is mainly concerned with
the rapid changes in temperature (more than 2000°C) and gas
pressure (more than 3000 bar in hunting rifles) inside the
chamber and barrel.

Muzzle phenomena
If the combustion of the propellant is not complete by the time
the bullet leaves the muzzle, there will be a primary muzzle
flash. Mixture with air oxygen can cause ignition of the expanding gases: secondary muzzle flash. Small particulate matter
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leaves the muzzle together with the expanding gases: soot and
powder particles.
After the bullet has left the barrel, the expanding gases have
muzzle pressures of 100 or several hundred bar so that the gases
pass the bullet in air. This causes cross forces to act upon the
bullet which in turn produce a slight deviation of the bullet’s
long axis from the trajectory: angle of incidence.

Recoil
The recoil of a fired weapon is produced by the gas pressure
acting not only on the rear of the bullet but also on the base of
the cartridge case and on the back of the chamber, thus moving
the firearm backwards. The momentum of the gun directed
backwards is approximately equal to the combined momentum
of the bullet and the gases (Newton’s third law ‘actio reactio’).
The rotational centre of this system is the hand or wrist, which
is located below the barrel. Therefore the barrel is also rotated
in an upwards direction: muzzle lift.

Maximum range and gunshots straight into
the air
The higher the sectional density of a projectile, the lower the
air friction losses, the lower the decrease in velocity per distance
and the higher the maximum range. For bullets, the maximum
range is achieved at shooting angles of approximately 30° and
can reach 2000 m for a 9 mm Parabellum bullet and 7000 m for
a high-powered rifle.
In gunshots straight into the air (e.g. gun salutes), the
maximum height is approximately 80% of the maximum range.
After that, the projectile is dropping rear base in front, reaching
velocities of 30–40 m/s (bullets) or 10–20 m/s (pellets). However,
most gunshots are not fired perpendicular to the horizontal
plane so that most bullets will descend tip in front. This is more
favourable in terms of aerodynamics and the descending velocity of bullets can thus reach 100 m/s, which can produce
injuries.

Angle of incidence

20.2.6 Exterior ballistics
Exterior ballistics is concerned with the flight of the projectile
in air from the muzzle to the target.

Trajectory
The main task is the calculation of the exact trajectory: air
resistance and gravitational pull produce a downward curved
trajectory of the bullet. The bullet drop from air resistance is
compensated by raising the sights, which gives the barrel sufficient elevation so that the bullet will strike the target at a set
distance. The increasing loss of velocity from air resistance
causes an increasing curvature of the trajectory so that the
vertex distance shifts to the aiming point. For the same reason,
the shooting angle or angle of departure is commonly smaller
than the angle of descent. These and additional exterior ballistic
parameters of a bullet can be looked up in firing tables.

Environmental factors
Environmental factors influencing exterior ballistics can be
divided into those acting continuously and intermittently. Continuous forces such as rain, snow, fog or thin blades of grass
produce an increased loss of velocity and thus a ‘low shot’ (a
gunshot which falls below the point of aiming) while high
altitude produces the opposite due to decreased air friction.
Intermittent factors such as branches, poles or other intermediate targets produce instability of the bullet flight (yawing,
tumbling) and lateral deviation of the trajectory in addition to
an increased loss of velocity. Wind acting crossways on the
bullet also causes a lateral deviation. The extent of changes
depends on the environmental factors and a variety of ballistic
parameters – the velocity loss and deviation can be considerable
in light-weight bullets striking objects of sufficient mass.

Due to the rifling, bullets spin around their longitudinal axis.
This motion stabilises the bullet during free flight similar to a
spinning top. Outside forces such as muzzle irregularities, the
muzzle gases and air friction produce additional proper motions
of the bullet. The tip of the bullet performs a circular motion
around the direction of the trajectory: precession. This motion
is superimposed by a motion of nutation (i.e. additional circular motions of the tip). These proper motions of a bullet result
in a small and varying angle between the longitudinal axis of
the projectile and the direction of motion/the trajectory called
the angle of incidence. Since bullets in air are commonly stable
systems, the angle of incidence has a tendency to decrease with
an increasing shooting distance.

20.2.7 Intermediate targets
Intermediate targets are objects such as wood, metal or glass
which interfere with the projectile on its way from the muzzle
to the intended target. The point of contact of a bullet with an
environmental object represents an excellent point of reference
for the reconstruction of the trajectory and thus of the events,
but such a contact also results in changes of the exterior and
wound ballistic behaviour of the bullet.

Ricochet and yawing
Contact between a projectile and intermediate target is a push
which can be described by momentum I = m × v. Eccentric
pushes change the magnitude and also the direction of the
velocity and the impulse of the projectile. The larger the bullet
momentum in relation to the intermediate target, the smaller
the loss of velocity and the lateral deviation. A bullet deviating
from the original straight trajectory after contact with an intermediate target is called ricochet. At the same time, the contact
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increases the precession motion of the bullet and thus the angle
of incidence. If a critical value is overcome for the angle of
incidence, this results in an unstable flight with the longitudinal
axis of the bullet tumbling, overturning repeatedly. Such an
unstable behaviour is called a yawing bullet. Yawing bullets
commonly produce a peculiar buzzing sound and are prone to
cause atypical entrance wounds.

Limiting angle: deviation, penetration,
reflection and fragmentation
If the mass of the intermediate target is small, the velocity
reduction and lateral deviation will be minor. For example, a
.22lr bullet has a small momentum but lateral contact with
wood sticks 5 mm in diameter can produce a lateral deviation
of no more than 1°.
If the mass of the intermediate target is larger, the limiting
angle is important to the behaviour of the projectile. For every
bullet/target combination, there is a critical angle of attack or
limiting angle below which no penetration of the target occurs.
So if the angle of attack of a bullet striking an intermediate
target is smaller than the limiting angle, a backwards deviation
or reflection will result.
The perforation of an intermediate target occurs if the angle
of attack is larger than the limiting angle and the penetration
capacity is sufficient. This results in a loss of velocity and stability (yawing) and possibly in deviation and deformation of the
bullet. In the case of security glass (5.9 mm thick) and an angle
of attack of 30°, .38-spec. bullets are deflected in a range of
10–25°.
Bullet fragmentation (or penetration) occurs if the angle of
attack is larger than the limiting angle but penetration capacity
is not sufficient. The angles of reflection of fragments are
smaller in hand gun bullets compared to bullets from rifles.
The trajectories of ricochets do not follow the law of reflection: in hard materials, the projectile is simply reflected and the
angle of departure from an intermediate target is smaller than
the angle of attack. In soft and flexible materials, the projectile
will penetrate tangentially and then be lifted out by asymmetrical pressure distribution (hydrostatic heaving mechanism).
This commonly results in a larger angle of departure. The limiting angle and the magnitude of the angle of reflection of
common intermediate targets such as water, wood, soil, glass,
concrete and metal are known so that a trajectory reconstruction is possible, especially when bullet calibre and type are
known.

Wound ballistic consequences
In addition to deviation and decrease in velocity, contact with
an intermediate target can also result in deformation, fragmentation and especially yawing (instable flight) of the bullet. These
changes commonly produce atypical wounds of entrance
showing varying morphology.
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Many atypical entrance wounds are large and have an irregular configuration; some are D-shaped representing the imprint
of the lateral projection of the bullet. Stellate abrasions or lacerations can be present and a bullet wipe-off or a ring of dirt
is missing in the case of true secondary entrance.
If the intermediate target is located close to the final target,
particulate matter of the bullet and intermediate targets can
produce perforations in the vicinity of the entrance wound.
Such perforations can be very small and similar to powder stippling, sometimes referred to as pseudo-powder tattooing, for
example after perforation of glass, or represent real satellite
injuries. In some cases, even soot depositing can be simulated
by bullet abrasions or portions of the bullet wipe-off from the
intermediate target carried along by the bullet (Vinogradov
phenomenon).
Together with the production of impact traces on the bullet
and intermediate target, particulate matter of the intermediate
target is transferred to the bullet and vice versa. The proof of
particulate matter in or around an entrance wound can be
accomplished using microscopy or radiology while deposits on
projectiles or the intermediate targets can be analysed by reflection electron microscopy/energy dispersive X-ray spectroscopy
(REM/EDX).

20.2.8 Wound ballistics
Wound ballistics is the science of the penetration of biological
targets by a missile. Every forensic pathologist should know
how a gunshot injury is produced. Although the principles of
wound ballistics are not that complicated, bullets take a special
position among the objects relevant in traumatology due to
their physical characteristics: compared to other wounding
agents, their mass is very small and their velocity is high. Contrary to other blunt accelerated objects, this allows per se deep
penetration of tissues but unlike sharp force, a dynamic penetration mechanism is effective not ending by the time the bullet
exits.

Mechanisms of injury
Wound ballistics is defined as missile–tissue interaction. The
biological effects are therefore determined by:
• Parameters of the missile such as mass, calibre, velocity,
shape, material and construction.
• Parameters of the tissues such as density, elasticity, viscosity
and anatomical structures.
When a projectile penetrates a dense medium such as biological
tissue, two different mechanisms of injury can be distinguished
both representing distinct aspects of the same rapid fluid
dynamic process and can therefore be regarded as theoretical
abstractions being essential for the understanding of wound
ballistics.
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Crush mechanism and permanent tract
Tissue located in line with a trajectory is crushed by excessive
pressure built-up directly in front of the tip of the moving
projectile. The tissue is completely disintegrated, resulting morphologically in a permanent tract.

Stretch mechanism and temporary cavity
Tissue located at the side of the trajectory is temporarily accelerated radially. This radial displacement of tissue creates a fusiform or conical cavity reaching a maximum 2–4 ms after the
projectile has passed. Tissue elasticity causes the cavity to collapse immediately, hence the name ‘temporary cavity’. The
kinetic energy transferred to the tissue is expended after several
cycles of expansion and contraction comparable to a pendulum: the temporary cavity is said to pulsate or ‘breathe’.
During the formation of the temporary cavity, tissue is
injured in three distinct modes (Fig. 20.9a–c), summarised as
a stretch mechanism according to the predominating factor:
radial tissue displacement stretches the circumference of
tubular areas of tissue around the permanent tract from 2πr to
2π(r + x). Simultaneously, the thickness of these tubes is reduced
resulting in compression of tissues. Moreover, the formation of
the temporary cavity is a dynamic phenomenon. The whole
process of temporary cavitation takes about 10 ms during
which the shape of the cavity changes continuously. Because of
inhomogeneities and interfaces within the tissue, the cavity will
push out along the lines of least resistance such as fascial planes.
This ‘principle of non-confinement of the cavity’ produces an

asymmetrical temporary cavity and consequently shear forces
inside adjacent layers of tissue. The radial displacement of
tissue and associated overpressures in the tissue around the
expanding cavity gradually decrease with increasing distance
from the tract.
So the stretch mechanism of ballistic trauma is essentially
nothing more than a localised blunt trauma analogous to a fist
displacing tissue. Thus, the term ‘Seitenstoßkraft’ (i.e. sideways
force) used in the past by German-speaking experts in ballistics
probably illustrates the effect of the temporary cavity more
vividly than the term cavitation, although the latter is perhaps
more correct in terms of physics. The structural integrity of
tissue displaced by cavitation will generally not be completely
destroyed. Therefore, the stretch mechanism is not a reliable
factor in wounding. The severity of injury decreases with
increasing distance from the permanent tract, a zone of extravasation being located next to the permanent tract.

Shock wave
The sonic pressure wave (‘shock wave’) originating from the
impact of the projectile plays no part in wounding. Despite
extremely high pressures, the duration of the amplitude is too
brief (microseconds) to move or injure tissue.

Missile–tissue interaction
It becomes apparent, by distinguishing two mechanisms of
injury, that the striking energy or the energy transferred to
tissues only determine the potential of a given projectile for

Figure 20.9 Temporary cavitation and wounding mechanism. Schematic illustration of the sectional area of soft tissue before and
after a projectile has passed. (a) Tubular tissue portions before the projectile has passed: 1, future trajectory; 2, tubular tissue portion
around the trajectory. (b) Tubular tissue portions after the projectile has passed at the moment of maximum temporary cavitation: 1,
maximum temporary cavity including future permanent tract; 2, same tubular tissue portion as in (a). The diameter of the tube has
increased, resulting in stretching of tissue. The thickness of the tube’s wall has decreased, resulting in compression of tissues. Tissue
inhomogeneities are causing an asymmetrical shape of the tube (principle of non-confinement), resulting in shearing of tissues. (c)
Tubular tissue portions confined in a rigid casing (such as the head) after the projectile has passed at the moment of maximum
temporary cavitation: 1, the diameter of the temporary cavity is smaller compared to that in tissue not confined in a casing; 2,
compared to (b) the diameter of the tubular tissue circle is smaller, resulting in less stretching of tissue. The thickness of the wall of
the tube is smaller, resulting in increased compression of tissues. Additionally, the surface of the tissues is pushed against the rigid
casing (arrows), resulting in contusion of tissues remote from the tract analogous to blunt trauma. 3, Prominent part of the casing
(rim, edge, etc.). The prominence results in additional regional shearing and especially compression and contusion of tissues.
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Figure 20.10 Wound profiles of two stable spheres depositing roughly the same amount of energy in gelatine blocks but producing
strikingly different wound cavities. (a) In the case of fast, small and light-weight steel spheres (478 J), most of the kinetic energy is
used up in the stretch mechanism, producing a large temporary cavity and a small permanent tract. (b) Contrary to this, most of a
large and heavy but slow sphere’s energy (430 J) is used up in crushing of tissues, thus producing a large permanent tract but a small
temporary cavity. This sharp contrast demonstrates that gunshot injuries cannot be adequately described in terms like energy or
energy deposit. Furthermore, the energy transfer (i.e. the energy deposit per distance travelled) is higher in the case of a fast sphere
compared to a slow one. The projectile in (a) is comparable to modern high velocity bullets while projectile (b) is a prototype of a
traditional sphere fired from a black powder weapon. After Fackler and Malinowski (1985), © Wolters Kluwer.

tissue disruption. There are three crucial points for the realisation of this wounding potential:
1. The ratio of distribution of the energy between the crush
and the stretch mechanism. The portion of the transferred
energy used up in cavitation and stretching depends on
ballistic parameters such as striking velocity, mass and construction, and generally increases with increasing velocity
and decreasing mass. Therefore bullets having the same
striking energy made up of different velocities and masses
(Fig. 20.10a, b) or even bullets with identical velocity and
mass but different construction will produce very different
injuries in identical tissues.
2. The location of energy transfer along the shot channel,
considering the spatial aspect of a gunshot injury.
3. The degree of elasticity of the tissues involved because
tissue characteristics also determine the severity of a
wound. In terms of the analogy used above, it makes a difference what kind of tissue is hit by a fist. The more flexible
and elastic the tissue is, the less damage will be caused by
the same amount of energy transferred to the stretch mechanism. Most soft tissues such as muscles, lungs, skin and
bowel wall have the physical characteristics of a good
energy or shock absorber, keeping the zone of extravasation
small. In contrast, in inelastic tissue such as the liver, spleen
or brain the cavitation and resulting stretch mechanism

can produce devastating wounds up to a complete laceration or dispersion of the organ.
The general principles of wound ballistics outlined above are
modified by yawing, deformation and fragmentation of a projectile and by bone contact, all of which increase the missile’s
cross-sectional area (i.e. the frontal surface of the bullet coming
into contact with tissue).

Yawing
Contrary to spheres, bullets commonly yaw, i.e. rotate around
a lateral axis, when moving in a dense medium such as tissue
(Fig. 20.11): the angle between the trajectory and the long axis
of the bullet increases due to destabilising forces, which overcome the stabilising effect of the spin, until it reaches 180°
where the base is the leading part and the bullet will remain in
this stable position. During the yawing motion, the crosssectional area is increased with a maximum at 90° with the
bullet’s long axis perpendicular to the trajectory. Increasing the
cross-sectional area of a bullet produces enhanced deceleration,
reduced penetration depth and larger diameters of wound cavities. The path of a projectile in a dense medium therefore shows
three distinct sections depending on the respective crosssectional area: narrow channel, increased cavities and tail end
(Fig. 20.11).
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ary bony missiles is analogous to bullet fragments including
secondary shot channels.
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Figure 20.11 Schematic illustration of the typical motion of a
stable bullet during penetration of tissues (‘yawing’). (a, b)
‘Narrow channel’, no yawing. (c, d, e) Rotation around a lateral
axis. This yawing motion considerably increases the crosssectional area of a bullet, thus increasing the diameters of
resulting wound cavities but decreasing penetration depths.
(f, g) ‘Tail end’. (h) Schematic illustration of resulting wound
cavities in soap. The orientation of the bullet is indicated by the
letters.

Deformation and fragmentation
Deformation will increase the missile’s cross-sectional area
due to expansion, which also increases the diameters of the
resulting wound cavities (Fig. 20.12). A fragmenting bullet will
also increase its cross-sectional area, although distributed
among multiple missiles of smaller mass and reduced penetration depth. These so-called secondary missiles will produce
multiple secondary shot channels, which, apart from their
direct wounding effect, represent points of least resistance and
will thus increase the susceptibility for subsequent stretching of
tissue. There is a synergistic effect of secondary missiles and
cavitation.

Bone contact
Compared to soft tissues, bone is a hard and dense material,
reducing the penetration depth of bullets striking. Depending
on the construction, material and velocity of the projectile,
bone contact favours deformation, fragmentation and yawing
with the above-mentioned effects. Additionally, bone contact
can cause secondary missiles in the form of bone fragments
travelling in different directions in the vicinity of the bone, to
a small extent even against the line of fire. The effect of second-

The energy deposit concept states that the kinetic energy
(E = mv2/2) used up in the production of a gunshot wound
determines the severity of a wound. The energy transfer concept
additionally considers the distribution along the shot channel.
In both concepts, the missile–tissue interaction is considered a
black box and can therefore be reduced to an abstract physical
value. However, the kinetic energy is only secondarily derived
from two basic ballistic parameters, mass and velocity. Since the
velocity is squared in this equation, the popular thesis about
the primacy of velocity over mass for wounding potential
appears consistent but nevertheless is based on an oversimplified approach. Therefore, the popular differentiation of high
velocity and low velocity missiles has no theoretical basis – the
lack of a reasonable border velocity has even led to the introduction of a medium velocity. So-called high velocity missiles
do not necessarily cause severe injuries and extremity amputations produced by tangential high velocity gunshot wounds are
nothing more than legends.
The differentiation of two ideal penetration mechanisms
and the dyamics and variability of missile–tissue interactions
clearly demonstrate that a secondary ballistic parameter such
as kinetic energy cannot adequately describe a gunshot wound
(see Fig. 20.10a,b). Instead, basic parameters such as mass,
velocity, calibre, degree of deformation and fragmentation,
length of the narrow channel and penetration depth are decisive in determining the severity of a wound.

Special wound ballistics of the head
In intracranial gunshot wounds, several of the above-mentioned
factors enhance the degree of tissue disruption. The inelastic
quality and the high water content of brain tissue make it per
se vulnerable to cavitation and stretch mechanism. The penetration of the skull can imply the generation of secondary missiles in the form of bone or bullet fragments and a tendency
towards early yawing or deformation of the bullet.

Rigid skull: enhanced intracranial effects
Even more importantly, intracranial trajectories gain a new
quality by the rigid skull functioning as a non-yielding wall.
Because brain tissue is almost incompressible, intracranial temporary cavitation and surrounding overpressures meet counterpressure from the skull. The skull will ‘try’ to overcome the
principle of non-confinement of the cavity by denying the free
space necessary for a gradual decrease of radial tissue displacement and associated overpressures. The volume of the intracranial temporary cavity will consequently remain smaller than
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Figure 20.12 Wound profiles of two .22 long rifle bullets. (a) The stable lead bullet produces a long narrow channel and rather small
wound cavities. (b) The deforming hollow point bullet, however, produces a short narrow channel and rather large wound cavities while
the penetration depth is reduced. This difference is solely caused by the differing constructions since not only energy but also mass
and velocity of the two bullets are very similar. After Fackler and Malinowski (1985), © Wolters Kluwer.

a cavity formed under identical conditions in tissue not confined in a casing (see Fig. 20.9).
Intracranial overpressure around the expanding temporary
cavity, however, clearly exceeds the pressure found in nonconfined tissue. These high dynamic pressures, the asymmetrical shape of the temporary cavity and unilaterally fixed tissue
structures lead to shear forces within brain tissue.
The unyielding skull does not allow the brain to expand, so
that the brain will transfer the overpressure to the skull; the
brain’s surface gets pushed with great force against the inner
table of the neurocranium and the brainstem gets forced down
into the foramen magnum. Consequently, the layer of cerebral
tissue between the temporary cavity and skull is compressed
much more strongly than tissue not confined in a rigid casing
and shearing of brain tissue is increased by bone structures
projecting into the skull cavity (see Fig. 20.9).

Wounding from enhanced intracranial effects
Analogous to blunt trauma, enhanced compression can result
in contusion of the brain tissue discernible as (cortical) contusion zones in superficial layers of the brain remote from the
trajectory. Stretching and especially shearing of tissue is responsible for intracerebral petechial haemorrhages remote from the

tract in the form of classic perivascular ring haemorrhages or
spherical haemorrhages (Fig. 20.13a, b). They are simply the
result of an enlarged zone of extravasation due to the enhanced
effect of temporary cavitation. Preferential neuroanatomical
sites are more central parts of the brain such as the basal ganglia,
midbrain, pons and cerebellum.
The skull will at first be slightly stretched by intracranial
overpressure. In case the skull’s capacity to stretch elastically is
surpassed, there will be indirect skull fractures (i.e. fracture
lines without contact with the primary bony entrance and exit
defects). As the base of the skull is inhomogenous and less
resistant to stretching than the vault, preferential locations are
the roofs of the orbitae and the ethmoidal plates between the
anterior cranial fossae. While secondary radial fractures originating from gunshot defects are induced by the bullet’s impact,
tertiary concentric fractures connecting the radial fracture lines
(Fig. 20.14) are indirect leaving fractures functioning as additional stress relief for internal pressure. If the internal pressure
is high enough, indirect skull fractures will combine to an
‘explosive’ type of head injury with comminuted fractures of
the skull and laceration of the brain (Fig. 20.15).
The rigid skull protecting the brain from most blunt trauma
also makes the brain the most susceptible organ of the body to
penetrating ballistic injury. Intracranial pressure peaks and its
effects vary greatly depending on ballistic and anatomical
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(a)
Figure 20.14 Bony exit wound with radial (red) and concentric
(blue) fracture lines in the left temple after a gunshot with a .44
lead projectile. The concentric heaving fractures are produced
indirectly by intracranial overpressure while the radial fracture
lines are caused directly by the impact of the projectile.

(b)
Figure 20.13 Intracerebral haemorrhages after an experimental
gunshot to the head of a calf (9 mm Luger). (a) Numerous small
bleedings in both sides of the basal ganglia at a distance of
several centimetres from the transtemporal shot channel. The
ventricles are filled with blood. (b) Microscopic appearance of
the haemorrhages depicted in (a) (H&E).

parameters. Mathematically, the peak pressures recorded vary
in direct proportion to the projected cross-sectional area of the
missile and the square of its velocity but in inverse proportion
to the distance from the point of origin.
In more practical terms, bullet wounds from hand guns and
rifles differ considerably with regard to their effect in penetrating gunshots to the head. Bullets from conventional hand guns
can produce indirect skull fractures and pronounced cerebral
tissue disruption. Centrefire rifles, whether military or hunting,
frequently cause a strong ‘explosive’ effect with comminution
of bones and laceration of brain tissue up to a so-called Kröhnlein shot (exenteratio cranii). Shotgun injuries differ substantially depending on the range of fire. Close range shots have a
tremendous effect similar to centrefire rifles by literally riddling
brain tissue and blasting the skull (Fig. 20.15).

Figure 20.15 Exenteration cranii. Partial exenteration of the
brain after a close-range gunshot with a 12/70 shotgun using a
Brenneke shotgun slug (lead projectile, mass approximately 30 g,
velocity approximately 450 m/s). This clearly demonstrates that
no ‘high velocity’ missile is required for such an ‘explosive’ type
of head injury.

20.2.9 Incapacitation
Determining a person’s capability to act following a gunshot
wound can be of major importance in crime scene reconstruction and in the differentiation between homicide and suicide.
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If a person who has been shot is not able to shoot back, attack
or escape, certain events can be ruled out. This can assist the
identification of the person who fired the gun and the reconstruction of the sequence of shots and activities. Therefore,
questions concerning the possibility of physical activity following a given gunshot wound have been repeatedly raised in
court.
Stopping power is a term very similar to incapacitation,
although the point of view has changed to one from behind the
trigger. The use of firearms by police officers is frequently
intended to stop the momentary activity of a suspect by rapid
incapacitation. Because stopping power and incapacitation
both address the same phenomenon, this issue is also relevant
to law enforcement agencies.

Definition and mechanisms of incapacitation
Capability to act is the ability to participate in an interaction
between victim and perpetrator or victim and environment,
resulting in discernible events or stains. Thus, incapacitation is
the early and necessarily occurring inability to perform complex
and longer lasting movements. Incapacitation therefore has to
be based on physiological effects independent from psychological mechanisms such as pain, surprise or fright.
Reliable incapacitation based on physiological effects according to the above definition is closely connected to death and
can only be produced by decreasing the functioning capability
of the central nervous system (CNS). The two sole mechanisms
to accomplish this are direct disruption of brain tissue or indirect elimination of the CNS by cerebral hypoxaemia from
bleeding, both causing unconsciousness.

Alleged mechanisms of incapacitation
There is no other way to prevent a determined person from
further action. Many victims will collapse immediately when
hit by a bullet as will some who were missed but think they
were hit; they do so on a psychological basis, but this is inconsistent and erratic. The only issue to rely on is that it will not
work in the case of determined and highly motivated people or
in the case of those under the influence of drugs or adrenalin.
Excessive pain, for example, must first be perceived and then
this perception of pain must cause an emotional reaction. So
reliable incapacitation is solely based on physiological effects
independent from any unpredictable psychological factors.
Another alleged mechanism of incapacitation is high energy
transfer or high energy deposit. Energy deposit is an abstract
value neither considering the way (crush/stretch) or the location energy is transferred, nor the type of tissue involved (see
Section 20.2.8). Therefore, the amount of energy is of limited
value in predicting effects in an actual shooting.
The momentum transferred to the target does not knock a
human body down or drive it significantly backwards: the
impulse transferred to an adult from a .45 Automatic Colt Pistol

343

(ACP) round results in a negligible backwards motion of
approximately 5 cm/s.
Injury or even incapacitation from shock waves or a mysterious ‘nerve shock’ has been postulated especially in hunting
but is not supported by experiments or by theoretical
considerations.
Hampered physical activity but not incapacitation may be
produced by injuries to sensory or optic brain areas, the spinal
cord and large peripheral nerves, static structures such as long
bones or joints and by pneumothorax.

Immediate incapacitation
Instantaneous incapacitation can only be produced by direct
disruption of brain tissue. In the case of gunshot injuries
causing acute blood loss, the speed of bleeding is too slow and
compensation mechanisms are too effective for an immediate
loss of consciousness or incapacitation. So the only way to stop
the activity of another person immediately are penetrating gunshots to the head.
Because of enhanced intracranial tissue disruption and the
functional significance of the CNS, craniocerebral gunshot
wounds result in a high early mortality rate and commonly in
immediate incapacitation.

Physical activity after penetrating head shots
However, sustained capability to act following penetrating
gunshot wounds to the head is possible. Favourable conditions
for sustained capability to act are observed in cases where additional wounding resulting from the special wound ballistic
characteristics of the head is minimised:
1. The guns used are of small-calibre (6.35 mm Browning, .22
rimfire) or fire slow and light-weight bullets such as ancient,
improper or self-made missiles.
2. The craniocerebral tracts pass above the anterior fossa of
the skull, thus wounding the frontal parts of the brain.
Apart from a neurophysiological approach, this preference
can additionally be explained by the base of the anterior
cranial fossa and the sella turcica area serving as a bony
barrier protecting those parts of the brain located in its
‘shadow’ relatively to the trajectory against cavitational
tissue displacement and associated overpressure. This
applies particularly to the brainstem.
3. Morphological signs of high intracranial pressure peaks
(e.g. cortical contusion zones, indirect skull fractures,
perivascular haemorrhages) and secondary missiles are
absent.
Therefore, sustained capability to act following craniocerebral gunshots is very unlikely if one of the following two conditions is fulfilled:
1. Use of a firearm from about 9 mm Parabellum upwards in
terms of penetration power and wounding potential (e.g.
large hand guns, centrefire rifles). To further increase the
probability of incapacitation, intracerebral trajectories
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Box 20.1 Incapacitation from gunshot wounds relative to time.
Immediate incapacitation
• Upper cervical spinal cord
• Brainstem
• Diencephalon
• Cerebellum
• Major paths of motor conduction
• Motor cortex
Rapid incapacitation
• Heart
• Aorta
• Truncus pulmonalis
Delayed incapacitation
• Large arteries
• Large veins
• Lungs
• Liver
• Spleen
• Kidneys

above the anterior cranial fossa or very short ones can be
excluded.
2. Definite occurrence of signs of high intracranial over
pressure: indirect skull fractures, intracerebral petechial
haemorrhages remote from the tract or cortical contusion
zones.
Incapacitation can be determined beyond any doubt if CNS
centres essential for physical activity are wounded directly. This
applies to injuries to the brainstem, diencephalon, cerebellum,
major paths of motor conduction, central grey matter and, in
most cases, the motor cortex (Box 20.1).

Concussion and cerebral pressure
Concussion where the major symptoms are immediate unconsciousness and loss of muscle tone does not play a role in ballistic head injury. During the impact of a bullet, there is a high
transfer of momentum and energy locally but no relevant direct
load on to the entire skull. The result is a perforation of the
skull but not its marked acceleration, which is the major factor
in the mechanogenesis of concussion. The penetrating character of gunshots to the head thus does not allow a substantial
transfer of impulse to the head as a whole. In accordance with
these theoretical considerations are also observations from battlefield situations reporting a lack of concussion in penetrating
gunshots to the head.
Cerebral pressure is the major secondary effect of ballistic
brain injury. However, the latent period is a range of minutes
until the intracranial pressure rises substantially and in animal
experiments has been shown to be too long to produce immediate or rapid incapacitation following a head shot, although as
it develops elevated intracranial pressure can become symptomatic. Immediate incapacitation, therefore, can only be produced reliably by injury to the brain regions listed in Box 20.1.

Rapid incapacitation
Acute cerebral hypoxaemia can be caused by massive blood loss
(or for example a double-sided pneumothorax). Injuries associated with acute and massive bleeding will cause circulatory
depression and reduced perfusion of the CNS with subsequent
unconsciousness. But immediate circulatory arrest is very rare
in cardiac or vascular gunshot wounds and even if this occurs,
the oxygen stored in the CNS ensures a potential for physical
activity for about 10 seconds.
This is best illustrated by a worst case scenario where a man
was able to walk 20 m after sustaining a hit from a 12-gauge
shotgun from a range of 3–4 m which destroyed his entire heart.
This and other examples of immediate circulatory arrest from
gunshot wounds demonstrate without any doubt that a potential for physical activity is present in such cases. Therefore,
trajectories involving the heart, aorta (especially the thoracic
part) or truncus of the pulmonary artery (see Box 20.1) can
cause rapid incapacitation but they cannot be relied upon to
terminate the physical activity of the victim immediately.

Delayed incapacitation
The latent period until incapacitation in cases of considerable
ballistic injury to the lungs, liver, kidneys, spleen, large vessels
originating from the aorta or central veins will be substantially
longer. A slower rate of bleeding and circulatory compensation
mechanisms usually offer the potential for sustained physical
activity in the range of one to several minutes depending on
the injury present (see Box 20.1).

Psychological factors
Most people sustaining one or more gunshot wounds to the
thorax including the heart have the potential for physical activity for at least a short period of time. However, this potential
for physical activity is exhausted infrequently because the
mental or emotional condition of the victim, especially the
expectation of or being prepared for a hit, plays an important
role. Some may be stunned by surprise, fright or pain, and some
may instinctively choose not to act. But this psychological
aspect can neither be predicted nor reconstructed. The only
aspect to rely on is that it will have no effect in the cases of
trained, motivated, excited or stimulated individuals.

20.2.10 Forensic reconstruction
For the reconstruction of shooting incidents, the final situation
at the scene, representing the stationary end product of dynamic
events, is investigated. The findings and the evidence at the
scene can provide insight into certain components of the chain
of events. If there is an insufficient number of these starting
points, then the complete chain of events or relevant portions
thereof can be reconstructed.
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Methods of investigation

Textiles and skin

The investigation of a shooting incident commonly requires
a multidisciplinary approach: in addition to the forensic pa
thologist, a firearms examiner, radiological experts and various
laboratories can be included and close collaboration is necessary. Also, a close inspection of the scene by the forensic pathologist is strongly recommended. Findings from the scene
such as architectural circumstances and bullet traces on intermediate targets can greatly assist the investigation, especially
the reconstruction of the bullet trajectory in air. Analysis of
bloodstains at the scene can possibly provide indications as to
the positions of the victim and the person shooting or the range
of fire.
Penetrating gunshot wounds have an entrance but no exit
wound (bullet in situ) while perforating gunshot wounds do
have an exit wound (bullet exited). In penetrating gunshots,
finding and recovering the projectile inside the body is one of
the main tasks of autopsy and surgery – after all, the projectile
is an important piece of evidence. The ‘blind’ search for a bullet
inside tissue can be difficult and unsuccessful, especially in the
bony pelvis, spinal cord and shoulder region. In addition, the
bullet can move postmortem inside cavities and tissue gaps;
also, bullet embolisation is a rare event but does occur. Therefore, previous radiological or computed tomography (CT) or
magnetic resonance imaging (MRI) investigations are recommended, as these also assist in depicting bullet or bone fragments. Digital imaging techniques can also assist in the
determination of the shot channel. The use of metal detectors
or ultrasound can additionally assist with finding projectiles. A
clean autopsy table, sifting of blood clots and closing of the
drain can prevent a bullet disappearing. Due to the highly
elastic properties of skin and textiles, bullets can be frequently
found below the skin or in between the skin and textiles at the
opposite side of the entrance wound.
The preparation of the shot channel should be carried out
slowly and in layers. The opposite approach, deep cuts into
‘unknown territory’, frequently proves to be ineffective and
time consuming since indications of the shot channel may be
destroyed, tissue is translocated and artefacts, especially postmortem bleeding, are created. Skin defects as well as defects to
invariant reference points such as the spine, thorax or peritoneum have to be measured exactly. The documentation includes
a precise description of the location and morphology of findings and photography with a scale. A probe should only be used
after complete preparation in order to avoid a via falsa. The
recovery of the bullet should be done with great care; the use
of metallic instruments such as tweezers has to be avoided
because this could destroy microtraces on the surface of the
bullet from firing. Bullets recovered from the body (or the
scene) should be handled and stored with great care and with
regard to possible future examinations. The bullet has to be
protected from contamination. In surviving gunshot victims,
an external physical examination is commonly complemented
by radiology, especially CT or MRI investigations.

The surface of the body (i.e. textiles and skin) may carry essential information for the investigation of gunshot wounds. The
two superficial layers are therefore discussed separately.

Textiles
Many entrance and exit wounds are located in body regions
commonly covered by clothing. Therefore, the clothing of every
gunshot wound victim should be investigated closely. A textile
perforation commonly produces one textile defect at the site
but in case of folds, there may be five or more defects originating from one gunshot. In a dressed body region, the outside
surface of textiles but not the skin will show soot, powder remnants or the bullet wipe-off/ring of dirt.
A primary entrance defect in textiles is commonly circular
in shape but the morphology also depends on textile characteristics so that tears and oblong defects are possible. Exit wounds
frequently are larger and more irregular because many bullets
exit in a position diagonal to the longitudinal axis. However,
there are a number of exceptions such as contact gunshots
producing large stellate textile defects or slow projectiles producing small exit defects. The low temperature–time product
of modern nitro powder allows scorching of superficial fibres
in contact shots but commonly prevents relevant burning
effects, which are typical for black powder.

Skin
Typical entrance wounds The perforation mechanism of skin
differs in entrance and exit wounds, resulting in different
wound morphologies. Due to the high velocity of an entering
projectile and the backing of skin with tissue, the skin of the
entrance region is not (contrary to common belief) indented
or depressed in the shooting direction. Rather, high speed photography (Fig. 20.16) documents three discernible steps in the
creation of a non-contact entrance wounds:
1. Direct contact between the tip of the bullet and the skin
margins resulting in crushing and destruction of the skin
and thus in a central tissue defect.
2. The skin margins spread away radially, thus producing outwardly bulging skin (opposite to the shooting direction)
but preventing contact between the skin margins and the
body of the bullet. Also, there is backwards hurling of tiny
skin particles moving tangentially to the skin surface.
3. The temporary entrance defect is clearly larger than the
diameter of the bullet but retracts elastically after the
passing of the bullet.
This dynamic multistep entrance mechanism results in the
typical characteristics of skin entrance wounds from intermediate or distant range (Fig. 20.17):
1. The central skin defect of circular or oval shape. The
missing skin was destroyed by the tip of the projectile.
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Figure 20.16 High speed series depicting a bullet perforating artificial skin. When the bullet impacts the skin, the tip is in contact with
the skin and crushes it, producing a central defect. The skin margins then spread away radially so that there is no contact with the
sides of the bullet. The central defect (entrance wound) and the bulging of the margins are still increasing due to elasticity after the
bullet has entered. Temporarily, the central defect is clearly larger than the diameter of the bullet. There is definitely no indention of
the skin. Courtesy of Dr B. Kneubuehl, Switzerland.

1
2
3

(a)

(b)

Figure 20.17 (a) Typical appearance of a gunshot entrance wound from a 7.65 mm full metal jacketed bullet including a central skin
defect, abrasion ring and contusion zone. There is no bullet wipe-off due to prior washing of the skin. (b) Schematic illustration of a
typical entrance wound: 1, bullet wipe-off; 2, abrasion ring; 3, contusion zone. Intermediate-range gunshot wounds show soot deposits
(small dots) and powder stippling (large dots).

2. The bullet wipe-off/ring of dirt is a thin circular blackish
discoloration directly around the skin defect. Gunshot residues, oil, dirt and abrasions of the bullet and the barrel are
rubbed off the tip of the projectile onto the skin margins
during initial penetration. The bullet leaves a residue of
contaminants on the surface of the skin.
3. The abrasion ring or abrasion margin develops symmetrically and concentrically in a zone 1–3 mm wide. It is due
to massive temporary overstretching of the skin adjacent to
the central defect, especially in the area of the outward
bulge. This produces a loss of the superficial skin layer and
epidermis, and the exposed corium dries up and later
appears as a brownish or black margin. The production of
the abrasion ring is probably supported by the tiny crushed
skin particles moving tangentially to the skin wound

margin but it cannot be produced by direct abrading
contact with the bullet – the skin neither indents nor is
there any contact with the projectile outside the zone of
bullet wipe-off.
4. The contusion ring is also mainly due to the temporary
overstretching of the skin around the central defect. The
epidermis, however, is not lost but analogous to temporary
cavitation in soft tissues, there is bleeding beneath and
inside the skin and possibly short skin tears. Consequently,
the contusion ring appears as a thin circular reddish-bluish
bruising of the skin.
The typical characteristics of a non-contact entrance wound
are explained and outlined above. However, these chracteristics
are not mandatory, which means that not every single component occurs in each entrance wound. Moreover, a variety of
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(c)

Figure 20.18 Exit wounds showing different morphologies. (a) Slit-like appearance from a slow 9 mm Parabellum full metal jacketed
bullet after a long shot channel. (b) Circular appearance from a rapid 7.65 mm full metal jacketed bullet after a short shot channel.
(c) Ruptured appearance from a 9 mm Parabellum after perforation of the bone.

parameters such as ricochets/yawing bullets, deformed or slow
projectiles, bony backing of the skin or skin folds can produce
atypical entrance wounds (see Section 20.2.12).
Modifications of entrance wounds Depending on ballistic
and anatomical parameters, further variations of entrance
wounds are possible. A graze wound occurs when the bullet
strikes the skin at a shallow angle, producing a canal-like abrasion. In tangential wounds, the bullet enters the subcutaneous
tissue. Both wound types can result in an elongated laceration
of the skin, frequently including secondary skin tears running
in the direction of fire. Re-entry wounds occur if a bullet has
perforated one part of a body, for example the arm, and then
re-enters another part, for example the thorax. The body part
initially perforated can be considered an intermediate target.
Consequently, a re-entry wound commonly presents as a large
and irregular defect with ragged edges and a wide abrasion ring
but no bullet wipe-off. Entrance wounds in the thick dermis of
palms and soles can be stellate with short radiating tears, slitlike or H-shaped, and an abrasion ring is frequently missing.
Exit wounds Contrary to the entrance mechanism, the skin
at the exit site is bulging out or indented (in the shooting direction) because there is no backing of the skin and the projectile
velocity is commonly low. The resulting exit wound morphology (Fig. 20.18) is variable. The wound margins are frequently
irregular, torn or slit-like. The main difference to entrance
wounds is that the skin margins can be adaptated. This means
that there is no skin defect, so no skin is missing but the skin
margins can be aligned properly. Again, there are atypical exit
wounds (see Section 20.2.12).

20.2.11 Range of fire
Gunshot residues
The determination of the range from the muzzle to the target
is a major step in the reconstruction of shooting incidents.
Essential to this aspect are so-called gunshot residues, which are
tiny particulate matter coming out of the muzzle together with

Figure 20.19 Classic entrance wound surrounded by typical
stippling or powder tattooing from hot powder particles
impacting the skin (shot from an intermediate distance).

the expanding combustion gases. The two main components
are soot and powder particles. Soot consists of blackish to
greyish combustion remnants, carbon and vaporised metals
from the primer, bullet and cartridge case. The metallic soot
commonly presents in the form of 1–150 μm sized pearls. The
classic soot elements were lead (Pb), antimony (Sb) and barium
(Ba) while modern low emission ammunition mainly shows the
soot elements zinc (Zn), copper (Cu), titanium (Ti) and others.
Stippling or powder tattooing (Fig. 20.19) is the result of the
impact of powder particles not yet completely burnt. The small
powder particles produce multiple punctate abrasions and

348

PART III   TRAUMATOLOGY AND VIOLENT DEATH

Figure 20.21 Band-like soot deposition around the bony
entrance defect after a contact gunshot to the head.

Near-contact wounds

Figure 20.20 Typical stellate entrance wound in the right
temple after a suicidal gunshot using a 9 mm Luger full metal
jacketed bullet at close contact. The original bullet defect (to the
left) is marked by searing of the skin margins and remnants
(after cleaning) of soot.

thermal lesions on the skin frequently presenting in a reddishbrown colour.
With respect to the range of fire, entrance wounds are classified into four categories showing gradual transitions between
contact, near-contact and intermediate-range gunshots as
follows.

Contact wounds
The muzzle is held against the clothing or skin at the time of
discharge. In hard-contact wounds (Fig. 20.20), this is done
with some pressure indenting the skin. Consequently, the edges
of the skin are seared by the combustion gases and blackened
by soot deposition resulting in a thin black band or hem. In
loose-contact wounds, the muzzle is held lightly against the
skin. The expanding gases indent the skin, producing a temporary gap between the muzzle and skin through which gas can
escape. Soot is therefore deposited in a band around the seared
skin margins and the bullet wipe-off. In angled-contact wounds,
the muzzle is held at an angle to the skin so that one side of the
muzzle is in contact with skin while there is a gap on the other
side. Gas and gunshot residues escape from this gap and
produce an eccentrically arranged pattern of searing and soot
extending in the direction opposite from the weapon. In
incomplete-contact wounds, the barrel is held perpendicularly
to the skin surface but there is a gap between the muzzle and
skin because the skin surface is not flat, again resulting in an
eccentrically elongated zone of searing and soot deposition.

The muzzle is not held in contact with the skin but the distance
is so small that gunshot residues can only travel a short distance
away from the entrance wound. This results in a zone of seared
skin covered and surrounded by a wider band-like zone of soot
deposition. In angled near-contact wounds, the elongated
eccentric area of searing and soot deposition is located on the
same side as the weapon.

Subcutaneous gas expansion in contact wounds
In all contact and near-contact wounds, a substantial portion
of the expanding gases enter the body via the entrance wound.
Consequently, the gases can lead to expansion and undermining of tissues beneath the skin entrance, morphologically
resulting in a soot cavity showing soot deposition and powder.
A black ring of soot deposition can be found around the bony
entrance defect beneath the periosteum (Fig. 20.21). The skin
can also be overstretched by this subcutaneous gas expansion,
which can produce typical stellate skin ruptures (see Fig. 20.19)
around the central defect. The subcutaneous gas expansion also
moves the skin outwards so that there can be a violent contact
between the front surface of the muzzle and skin. This can cause
a muzzle imprint (Fig. 20.22) on the skin around the entrance
like an abraded and punched wound. However, the muzzle
imprint commonly does not exactly reflect the dimensions of
the muzzle due to inhomogenities and distortions of the skin.

Intermediate-range wounds
In intermediate-range wounds, also called close-range wounds,
the muzzle is held at a distance from the body more than
approximately 1 cm, but is sufficiently close for gunshot residues to reach the skin and be deposited there. That is, if there
is soot deposition other than band-like and/or powder tattooing, then this is an intermediate-range wound. The maximum
range or upper limit, therefore, is not a fixed distance but
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Figure 20.22 Muzzle imprint of a 9 mm Parabellum pistol after
a contact gunshot to the chest. The muzzle face including the
foresight base can be clearly seen as well as the bullet wipe-off
and the dried-up abrasion ring.

depends on the ammunition–firearm combination. It ranges
somewhere between approximately 50 and 150 cm. If the barrel
is held at an angle to the skin, the soot deposition and powder
tattooing will be more dense at the side of the barrel. In many
close-range gunshots, soot in the vicinity of the entrance wound
cannot be seen with the naked eye due to the low density of
soot deposition so that soot analysis is necessary.

Distant wounds
If the distance between the muzzle and the target is sufficient
to prevent gunshot residue reaching the target, this is called a
distant wound. Distant wounds only show bullet-induced
marks but no findings produced by gunshot residues or combustion gases.

Wound morphology and soot analysis
The classic determination of the range of fire relies on the
spatial distribution of the gunshot residues around the entrance
wound. The expanding gases and thus the gunshot residues
disperse considerably in front of the muzzle, resulting in a
cone-shaped spreading. Consequently, with an increasing range
of fire, the area covered with gunshot residues increases accordingly while the density (number per area) of the small particles
is decreasing. This is the basic principle for determining the
shooting distance.
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Analysis of gunshot residues is based primarily on the detection of soot. The small metallic pearls can be shown by different
physicochemical methods such as scanning electron microscopy coupled with energy dispersive X-ray spectrometry (REM/
EDX). Organic gunshot residues such as nitrocellulose or
diphenylamine can be detected by chromatographic or other
methods. The traditional ‘paraffin test’, also called dermal
nitrate or diphenylamine test, has no scientific value because it
is non-specific. Metallic soot elements are also non-specific
because they can occur in the environment. However, certain
elements such as barium or antimony occur very infrequently
and there are also combinations of soot elements in one pearl
so that many results can be interpreted as quasi-specific for
soot. The spatial distribution of gunshot residues found around
an entrance wound has to be compared to test firings using the
weapon involved or the same model and ammunition.
In most cases, the range of fire can be determined sufficiently on the basis of the wound morphology and the analysis
of gunshot residues. Relevant amounts of soot inside the
wound, especially around entrance wounds in the bone, and
morphological signs such as a soot pocket, stellate entrance
wound or muzzle imprint verify a contact or near-contact
gunshot. Soot and/or powder stippling around the entrance
wound but lack of relevant amounts inside the wound show the
presence of an intermediate gunshot wound while these traces
are absent in distant gunshots.
A variety of factors can interfere with a reliable determination of the range of fire. Manipulation of a gunshot entrance
wound during autopsy should be kept at a minimum. As long
as the shooting distance is unclear, washing must be avoided.
The skin around the entrance wound and tissue beneath should
be excised and stretched on a surface and marked so that the
spatial relationships are clear. In surviving victims, cumulative
methods such as tape-lifts/metal stamps or foil imprint methods
are used for the recovery of gunshot residues similar to the
determination of the shooting hand (see Section 20.2.14). The
latter gives a complete picture of the spatial distribution of soot
around the entrance wound. Taking a blind sample is recommended especially if hair or textiles are to be investigated.
Soaked textiles or skin covered with blood or secretion can
seriously interfere with the analysis of soot. A critical reception
of the results of investigations determining the range of fire is
therefore necessary (see Section 20.2.14).

Additional methods
In addition to physicochemical methods, information about
the range of fire can also be obtained by various other methods.
Such additional methods can be relevant especially in cases
where a primary investigation was not performed or turns out
to be inadequate. Presence and distribution of metallic soot can
be shown by microradiography and CT investigations, the latter
being performed routinely in survivors. Histochemical methods
such as Alizarin red or rhodizonat react to metallic residues
(soot), so that soot particles can be demonstrated in histological preparations of the entrance wound.
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Since the combustion gases contain 30–60% CO, the tissue
beneath the entrance wound should be expected to contain
higher levels of CO-haemoglobin (Hb) compared to the exit
wound in cases of contact or near-contact gunshots. This has
been corroborated but there is no standardised sampling technique, which highly infuences the results of the measurements.
Backspatter is the ejection of blood droplets and tissue particles against the line of fire from the entrance wound. The
maximum range of backspatter is limited, so that the presence
of backspatter stains on the firearm verifies that it has been in
the vicinity of the entrance wound at the moment of discharge.
Also, backspatter stains on the body, clothing or shoes of a
person can only be explained by spatial proximity. A major
advantage of backspatter is that it can be identified to a particular individual, thus associating a gun or a person to a certain
gunshot wound.
In distant gunshots, the range of fire can sometimes be estimated if the velocity loss from the muzzle to the target is sufficient. In penetrating wounds, the striking velocity can be
estimated by calculating the velocity loss in the different tissues
along the shot channel. In distant gunshots where the bullet is
deformed, the degree of deformation can be duplicated in
experimental gunshots to standardised ballistic gelatine, thus
assigning a certain degree of deformation to a certain striking
velocity. In both approaches, the difference between muzzle and
striking velocity can be assigned to a shooting distance in firing
tables.

20.2.12 Direction of the gunshot
In penetrating gunshots, the direction of fire is obvious while
in perforating gunshots, answering this question is a major aim
of the investigation. Most findings are located on the body
surface but in deficit cases such with putrefaction, internal findings may be of great importance.

Wound morphology
Intermediate- and distant-range gunshots commonly present
with a typical entrance wound morphology as discussed in
Section 20.2.11: central skin defect, bullet wipe-off (possibly
located on textiles), abrasion ring and contusion ring are classic
signs of an entrance wound. Contrary to these findings, exit
wounds commonly do not show tissue defects so that skin
margins can be adaptated and the above signs of entrance
wounds are lacking.
The direction of the gunshot can also be deduced from signs
of close-range shots: deposition of gunshot residues necessarily
occurs around (and beneath) the entrance wound, which
applies also to the morphological signs of contact shots.
In tangential wounds, skin tears commencing at the canallike defect commonly point to the direction the bullet moved
and there may be piling up of tissues at the exit wound.

Atypical entrance wounds
Atypical wounds of entrance, however, occur not infrequently
and therefore have to be considered carefully. Foremost, contact
and near-contact wounds of entrance differ to a high degree so
that a subcutaneous soot pocket, stellate skin tears and a muzzle
imprint may be present.
Yawing bullets (unstable flight) commonly do not strike
with the tip first, resulting in a large, irregular and abraded skin
wound. Secondary entrance wounds following perforation of
an intermediate target and re-entry wounds after perforation
of a body part are commonly produced by yawing bullets, do
not have a bullet wipe-off and can be large due to a prior deformation of the bullet. Shored entrance wounds show large circumferential abrasions and occur mainly in re-entry wounds if
the two body parts are in contact so that outward bulging of
the re-entry wound is rubbing against the body part the bullet
exited from.
Gunshots to body regions where the skin is backed with
bone can produce irregular skin wounds and short skin tears
independent from the range of fire. This applies also to gunshots to thick skin (palms and soles), where the abrasion ring
can additionally be lacking. Slow projectiles may cause small
and slit-like entrance wounds while the perforation of a skin
fold can produce a large irregular skin defect or three separate
ones. Centrefire rifle bullets and semi-jacketed bullets from
hand guns can produce clean punched-out entrance wounds
without abrasion rings.

Atypical exit wounds
Exit wounds per se have a variable morphology including slitlike, irregular and torn skin wounds which commonly do not
show skin defects. Atypical exit wounds occur if a fast bullet
produces a skin defect which is not adaptable. Furthermore,
shored exit wounds have a wide and irregular band of abrasion
around the exit wound due to support of the skin at the moment
the bullet exits, for example when a person is lying on the
ground or leaning against a wall. The exiting bullet everts the
skin, which causes the skin edges to rub against the reinforcing
support.

No generalisations
The widely varying morphology of entrance and exit wounds
demonstrates that there are no fixed ratios between sizes of
entrance and exit wounds – neither one is commonly larger
than the other. This applies even for typical non-contact
entrance and exit wounds, where secondary gaping of the skin
margins interferes with the original size of the holes produced.
Therefore, differentiation of entrance and exit wounds has to
be based on the reliable criteria outlined above but not on
unreliable size ratios.
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Backspatter of skin
The production of a gunshot wound includes backspatter of
tiny skin particles from the entrance wound (see Section
20.2.11). The tiny skin particles are hurled backwards and can
be found on the interior surface of the bottom textile layer
around the entrance defect using a magnifying glass or a microscope. This finding strongly indicates an entrance defect and
can be important especially in old cases where the original
clothing is still available for investigation.

Textile fibres
Textile fibres are carried off along the shot channel by the bullet,
but fibres are also sucked in from entrance and exit defects by
temporary cavitation. Therefore, the majority of textile fibres
can be found at the entrance wound but fibres can also be
found at the exit wound. Textile fibres at the edge of the clothing defects are not necessarily bent in the direction of the
gunshot.

Bone contact
Bone is a hard and dense material being resistant to putrefaction and protected against fire. Findings in bones therefore
can be decisive in cases when superficial layers of the body
including the skin are already destroyed. The perforation of
bones frequently produces bone fragments, some of which
are accelerated in the direction of the bullet. However, bone
fragments can also be accelerated in the opposite direction
against the line of fire. Consequently, the distribution of bone
fragments along the shot channel, but not the presence or
absence of single fragments is the deciding factor: the majority
of bone fragments are located between the bone and the exit
wound.
The perforation of bones involves a dynamic process which
commonly results in a funnel- or cone-shaped bony defect:
while the entrance in bone is sharp edged, the diameter of the
shot channel increases so that the exit defect is clearly larger.
This phenomenon is called ‘internal bevelling’ and can be seen
especially in flat bones such as the skull (Fig. 20.23). In rarely
occurring cases, however, external bevelling of perforating bone
injuries can also be noted.
A bullet striking the skull at an acute angle typically produces an entrance defect called a keyhole lesion: the bony defect
is sharp edged on the side of the gun while there is external
bevelling (typical for an exit) on the side opposite to the gun.
In contact shots, the edge of the bony entrance wound commonly shows pronounced and stable soot deposition. Puppe’s
rule states that fracture lines originating from the exit defect do
not cross those originating from the entrance defect because
the latter are pre-existing. The microstructure of bone adjacent
to the shot channel can also give an indication, such as spongy
trabeculae that may be bent in the shooting direction.

Figure 20.23 Internal bevelling of flat bone (skull). The bony
exit defect is seen from the outside. The defect is clearly
enlarging, similar to a funnel in the direction of the gunshot.

Additional methods
Similar to bone fragments, bullet fragments produced by bone
contacts are mostly found between the bone and exit wound.
In the case of lead projectiles, there may be pronounced lead
abrasion around the entrance defect in the bone and numerous
small lead particles between the bone and exit can be seen in
X-ray. The latter is called ‘lead snowstorm’ and can also be seen
after injury from fragmented centrefire rifle bullets having a
lead core.
A difference in the concentrations of CO-Hb between tissues
from the entrance and exit defects is an indication as to the
direction of firing in contact or near-contact gunshots: the
higher CO-Hb concentration indicates the entrance wound but
standardised sampling techniques are lacking.

20.2.13 Angles of the gunshot
Wound morphology
In gunshots perpendicular to the skin surface, skin defects are
circular and the surrounding zones of abrasion and contusion
are concentric. In the case of an oblique angle between the
trajectory and the skin, the skin defect is oval and abrasion and
contusion rings will be eccentric with the wider zone located to
the side of the firearm. The deposition of gunshot residues is
also eccentrically shaped in the case of oblique gunshots. In
intermediate gunshots, the wider zone is located to the side of
the firearm while in contact gunshots, the wider zone is located
at the opposite side away from the firearm. Shot channels in
bone can be used directly to estimate angles due to the fact that
bone cannot be displaced.

Geometric calculations
While the wound morphological approaches outlined above
can only be the basis for estimations, geometric calculations can
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The shooting hand
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Figure 20.24 Determination of the shot angles: E, entrance
wound; A, exit wound. The elevation angle α and the lateral
angle β can be calculated (see text) after measuring l (shot
channel), h (height difference), s (lateral difference) and t
(horizontal difference).

accurately determine the angles of a gunshot. For this purpose,
the entrance and exit defects (or the final position of the projectile in a penetrating injury) are measured vertically and horizontally, with ideal reference points being the soles and the
midline of the body. In addition, the length of the shot channel
and the lateral and horizontal distances between entrance and
exit wounds have to be measured while the vertical distance
between entrance and exit (difference in height) can be calculated (Fig. 20.24). The elevation angle, then, is sin α = h/l and
the lateral angle is sin β = s/t.
The calculation of the shot angles is based on the assumption that the course of a bullet represents a straight line. This
is commonly correct but slow and light-weight bullets can show
minor deviations especially following bone contact.
It has to be considered that the shot angles only indicate the
direction of a projectile in relation to the body but not in the
space. At the moment of the injury, the body of the victim can
theoretically have been in just about every possible position.
For example, a horizontal gunshot to the back can have been
fired at a lying, rising, standing, sitting, falling or escaping
person. Therefore, additional findings such as the position of
the person shooting, re-entry of the bullet or contact with an
environmental object are necessary to determine or limit the
shooting angles in space.

20.2.14 Determination of the
person shooting
In the investigation of a shooting incident it is of great importance to be in a position to determine whether a person has
fired a gun or not.

The traditional approach to accomplish this is the analysis of
gunshot residues on the hands of an individual, also called
determination of the shooting hand. When a gunshot is fired,
expanding muzzle gases exit not only from the muzzle but also
from additional leaks. In revolvers, this is mainly the cylinder–
barrel gap and in pistols it is the ejection port and the trigger
when opening. Consequently, predilection sites of gunshot residues after firing a gunshot are the back of the hand, index finger
and thumb, the latter especially when using a revolver.
For the recovery of gunshot residues two methods can be
outlined. Cumulative methods such as tape-lifts concentrate on
two or more sites, mostly one predilection site and one blind
specimen. Topographic methods transfer the gunshot residue
distribution of the hand via an impression method to adhesive
foils where it can be sprayed with indicator substances such as
rhodizonat or investigated further.
The interpretation of the results of such an investigation has
to be performed carefully. There are inadequate tests such as
the paraffin test for powder particles. Soot elements are nonspecific. Therefore, false-positive findings can be due to contamination, due to the presence of substances close to a firing
gun by chance, or because a person is shot at and raises a hand.
It can also be due to handling a gun fired previously or touching
a gunshot wound. False-negative results can be explained by
tight weapon designs, postmortem manipulations such as
transporting the corpse, and especially by unfavourable sampling conditions such as putrefaction, humidity, blood or dirt
deposits. Normal activities of the hands can reduce the soot
deposits considerably.
Contrary to soot deposits, some of the small powder particles in powder tattooing are located within the skin and therefore cannot disappear readily. In addition, the tiny abrasions
and thermal lesions produced by powder particles remain
visible irrespective of washing or other manipulations.

The steadying hand
The hand not used for shooting may also carry gunshot residues. This is the case if the hand is used to support the barrel
in suicidal gunshots. This steadying hand is commonly located
close to the muzzle and can therefore carry large amounts of
soot, which are analysed analogously to the shooting hand.

Backspatter
Backspatter is the ejection of biological material from the
entrance wound against the line of fire. These blood droplets
and tiny tissue particles can be transferred from the victim
to the interior of the barrel, the outer aspect of the gun, the
person shooting and people or objects in the vicinity (Fig.
20.25). Unlike gunshot residues, these biological stains can be
identified to the individual so that the transfer of stains can
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Figure 20.25 (a) Large quantity of backspatter stains on the steadying hand after a suicidal contact gunshot to the forehead using a
5.6 mm HV bullet. Note that the tiny droplet stains but not the larger stains are specific for gunshots. (b) Limited number of tiny
backspatter stains after an experimental contact gunshot to the temple of a calf using a 9 mm Luger full metal jacketed bullet. In case
work, an early and thorough search is needed to discover the few, tiny stains.

be demonstrated to be specific for the production of a clearly
defined gunshot wound. The determination of the person
shooting and the weapon used, and an estimation of the shooting distance and the posture of the victim, can be accomplished
by analysis of backspatter stains.
The kinetic energy necessary for the acceleration of blood
and tissues can originate from the subcutaneous effect of
the rapidly expanding muzzle gases, temporary cavitation
and tail splashing (i.e. the backward streaming of fluid and
tissue particles along the lateral surfaces of the bullet). Therefore, backspatter mainly occurs in close-range gunshots and in
those to the head or heart but is possible in most gunshot
wounds.
Only a few milliseconds after the bullet impacts the skin, the
droplets exit having initial velocities in the range of 10 m/s. The
size of droplet stains varies, the portion smaller than 1 mm in
diameter being characteristic for gunshot injuries. The morphology of the stains varies from round to elongated to exclamation mark-like. The maximum distance the droplets can
travel is limited due to their small mass, with the majority not
exceeding 50 cm. The stains cover a semicircle of 180° in front
of the entrance wound.
While backspatter occurs theoretically in every gunshot,
backspatter stains can be found on relevant objects in the vicinity in many but not in all gunshots suitable for the production
of backspatter. In close-range gunshots to the head, backspatter
can be found on the firearm and the shooting hand in the
majority of cases. A lack of backspatter can also be due to later
manipulations.
Preferred locations for the deposition of backspatter are the
extensor aspects of the fingers and the radial aspects of the
hands and sleeves. However, not all bloodstains on the firearm
or hand are backspatter stains – the characteristic morphology
includes small or tiny (<1 mm) droplet or splashing stains (Fig.
20.25). Elongated stains are roughly aimed at the entrance
wound.

Injuries and DNA transfer from firing a gunshot
Firing a gunshot can produce injuries of the shooting hand,
especially in inexperienced people. In a semi-automatic pistol,
the underside of the slide can cause one or two lengthy skin
lesions between thumb and index finger. The skin of the index
finger can be clamped between trigger and trigger guard or slit.
Skin lesions at other locations may occur if the weapon is held
atypically.
Cells of the person firing or loading a gun can be transferred
to the weapon, bullet or cartridge case. Verification of DNA
from the grip has been interpreted to result from repeated
weapon use. DNA can be found on the cartridge case
infrequently.

20.2.15 Position of the person shooting
Determining the position of the person shooting at the moment
of a gunshot can be very difficult. Firstly, the trajectory (in air)
has to be determined. Secondly, the barrel of the weapon has
to be pushed to and from along the (theoretical) trajectory, thus
marking all possible positions of the gun. Thirdly, additional
parameters such as the range of fire or scene findings can
exclude or verify the presence of a firearm on certain sections
of the trajectory. Findings independent of the gunshot such as
architectural conditions are indispensable. The trajectory can
be determined if two points of reference such as contact with
intermediate targets are known, which are connected. It is
obvious that a thorough inspection of the scene is necessary to
accomplish this.
Semi-automatic weapons eject the cartridge cases automatically. The mechanical ejection produces an average throwing
distance and direction is characteristic for a type of weapon. If
the end position of an ejected cartridge case is known, the position of the person shooting can therefore be limited to an
elliptical area as long as secondary position changes of the
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cartridge case, for example from a kick with the foot, can be
excluded.
The muzzle imprint, if developed asymmetrically, indicates
the orientation of the long axis of the weapon.

20.2.16 Position of the person injured
The shot channel inside the body has to be strictly differentiated from the trajectory in air – a horizontal shot channel in
the thorax can be the result of a gunshot against a lying, standing, falling or running person or even one turned upside-down
while doing a handstand. Analogous to the position of the
person shooting, points of reference are essential for determining the trajectory. The shot channel has to be located somewhere along the trajectory. Additional findings can exclude or
verify certain sections of the trajectory.

Injuries
Re-entry wounds can assist in determining the position of the
body because, again, the interrupted portions of the shot
channel have to be located on the straight line of the trajectory,
thus allowing conclusions as to the relative positions of the
extremities. A shored exit wound indicates a close contact
between the body and a stable surface such as a wall or floor.
Bloodstains at the scene on fixed structures, especially from
backspatter, can also assist in determining the position of the
person injured.

Corresponding textile defects
In gunshots involving the perforation of clothing, the locations
of defects in textiles have to be compared to the locations of
corresponding skin defects. If there is congruency, extreme
body positions can be excluded. If there is incongruency, the
body position must be able to explain displacement of the
textiles. For example, gunshots to a person raising the hands
will commonly result in textile defects located well above the
skin defects because the clothing of the upper body in this position rises compared to a common or neutral position.

In multiple gunshot injuries, entries located close together
and shot channels running parallel to each other are produced
in a static situation in which the victim did not or could not
move.
Also, blood draining from a wound will follow gravity.
Therefore, draining stains taking a vertical course indicate an
upright position while a horizontal course (relative to a standing position) is typical for a horizontal or lying position, being
frequently the final position. Some bloodstains are even made
up of both directions, thus marking the moment the victim
went to the ground.

20.2.17 Sequence of gunshots
Puppe’s rule states that a fracture line does not cross a preexisting fracture line but is halted by it. Thus, fracture lines
originating from a second gunshot (or the exit defect) do not
cross those from the first gunshot (or the entrance defect).
In serial fire from automatic weapons, the gunshots are
‘climbing’ due to the recoil motion. This motion directed backwards is modified by the hand holding the weapon, which is
acting as a lever arm adding an upwards motion to the muzzle.
This muzzle lift typically results in a diagonal line of entrance
defects where the lowest was produced by the first gunshot and
the highest by the last.
The capacity to act should be determined for every single
gunshot in multiple gunshot injuries. Thus, gunshots causing
immediate or rapid incapacitation can be interpreted as being
produced late or even last.
Indirect conclusions as to the sequence of gunshots can be
drawn from scene findings and by fitting the shot channels
into a logical chain of events. For example, gunshots fired at a
person fleeing will initially result in shot channels running
horizontally from back to front but when the person is dropping to the ground, the following shot channels will be directed
upwards.
Finally, blood draining horizontally (relative to a standing
position) from gunshot injuries can indicate those sustained in
a horizontal position, which are frequently late gunshots.

Dynamic or static situations

20.2.18 Determination of the firearm

In a substantial number of cases, determination of the positions
of the people shooting and being shot is not possible due to a
lack of findings. However, statements on a more general level
of interpretation can still be feasible. In particular, the differentiation of static and dynamic situations when firing one or
more gunshots can be essential because the former indicates a
lack of reaction and therefore defensive actions, while the latter
confirms reactions or at least movements by the victim. This
differentiation relies on a multitude of findings, such as the
range of fire, which have to be put together to make the final
picture.

Firing marks
The weapon used can be determined from the bullet or cartridge case. This is achieved by comparison microscopy of firing
marks from the spiral rifling (the lands) located on the sides of
the bullet. The bullet at hand is compared to bullets from test
firings using the actual weapon or to the same weapon and
ammunition. Marks both of a class and an individual nature
can be differentiated – individual marks come from manual
reworking of the firearm, especially the muzzle section, which
results in unique imperfections.
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Similarly, the spent cartridge case can show marks from the
firing pin, the recoil face of the chamber and the extractor.
Comparison microscopy is the responsibility of the firearms
examiners.

angles of attack and incidence of the bullet but also by thickness
of the bone and its content of hydroxylapatite.

Muzzle imprint

Determination of the individual bullet can be important in
multiple perforating gunshot wounds involving several people
shooting. In order to know who killed or injured whom, the
bullets recovered from the scene must be associated with the
firearms used and compared with rifling marks; plus each bullet
must be linked to the person through whom it has passed.
There are minute tissue deposits on every bullet independent
of its construction after perforation of a body, which can be
identified by DNA analysis of both short tandem repeats and
mitochondrial DNA. The recovery of cellular material by swabbing the bullet is a rapid procedure but it has to be performed
early in the investigation because the bullets have to be protected from contamination and loss of material.
Contact of a bullet with an intermediate target will cause the
bullet to ricochet and possibly to deform, fragment, tumble or
change its direction. In addition, a reference point for the trajectory can be gained. Consequently, verification of bullet
contact with an intermediate target can be very important. This
can easily be done in lead bullets which represent favourable
conditions for the deposition of particulate matter. On FMJ
bullets, fragile (brittle) material such as concrete, glass or
asphalt can be visualised by scanning electron microscopy
(SEM) and verified by elemental analysis; however, this is commonly unsuccessful in ductile (elastic) materials such as wood
or metal.
When a person is killed or injured by a gunshot, the presence
of a ricochet and the target material can be determined in the
case of fragile materials which are pressed into the tip but are
also scattered along the sides of the bullet. A directed search of
the scene will then lead to the discovery of the intermediate
target. A complete loss of fragile trace material in subsequent
impacts or penetration of a human body does not occur until
after recovery so that the bullet has to be protected against loss
of material and contamination.

The muzzle imprint (see Fig. 20.22) is produced by the expanding muzzle gases trapped below the skin in contact gunshots.
The skin is momentarily forced backwards, thus colliding with
the muzzle front of the weapon. The muzzle front is punched
into the skin but due to the dynamic action, skin abrasions from
skin motions parallel to the muzzle front may also result. The
dimensions of the muzzle imprint are therefore similar but not
identical to those of the muzzle – frequently, the muzzle imprint
is stretched or distorted. Consequently, muzzle imprints can
give clear indications as to the weapon used, for example by
excluding certain types. The actual firearm used or the same
model should be present for test firings.

20.2.19 Determination of the bullet
In penetrating gunshots, the bullet can be excised. In cases
where the bullet is not removed from a surviving victim, radiological techniques are commonly not precise enough to determine the type of bullet as follows.

Diameter of skin and bone defects
Diameter of skin and bone defects are not suitable for determining the bullet used. In perforating gunshots, entrance
wounds in skin and bone have been unsuccessfully used to
determine the calibre of the bullet. Skin is very elastic so the
diameter of a conventional entrance wound is smaller than the
bullet – the external diameter of the bullet wipe-off roughly
marks the calibre of the bullet in a fresh wound from a gunshot
perpendicular to the skin surface. However, the degree of skin
elasticity and the location of a wound also determine the size
of the defect, and postmortem retraction of the skin as well
as measurement inaccuracies additionally interfere with this
approach.
Compared to skin, bone is much less elastic and cannot be
stretched or shifted. Nevertheless, calibre determination from
entrance (or exit) defects in bone is not possible. Since the
defect diameter varies along the shot channel in bone, the
minimum diameter of the entrance hole in flat bones has been
used in most studies. In several investigations, FMJ bullets had
a tendency to produce defects slightly smaller than their calibre
while semi-jacketed and lead bullets showed the opposite tendency. However, the dispersion of the defect diameters is large
so that even .22 bullets cannot be reliably differentiated from
.38 bullets because the highest values for .22 bullets and the
lowest values for .38 bullets overlap. This is due to a variety of
parameters such as velocity, material, configuration, mass and

Individual bullets: analysis of deposits

20.2.20 Special characteristics of
shotgun injuries
Exterior ballistics
Shotguns fire multiple lead or steel spheres (shot) or, infrequently, shotgun slugs, from smooth-bore (non-rifled) barrels
reaching muzzle velocities of approximately 350–450 m/s. The
small mass of the individual shot pellets leads to a considerable
loss of velocity with increasing range of fire, thus limiting the
effective range of smaller shotgun pellets to approximately
50 m. Additionally, the shot pellets show an increasing longitudinal and lateral dispersion in front of the muzzle. Consequently, the massive column of shot pellets, which initially acts
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like one solid missile, gradually dissolves into the individual
pellets. This transition from a solid shot charge to the individual pellets is complete after approximately 10 m of free
flight.
While the small mass of the pellets decreases the effective
range, the dispersion increases the target area that can be hit by
pellets. Consequently, shotguns are intended for hunting small
and moveable game from limited ranges.
The dispersion can further be modified by the choke, such
as a slight constriction of the bore at the muzzle end of the
barrel to control the shotgun pattern. At a distance of 35 m,
about 70% of the pellets fired from a full choke bore will strike
a circular target 75 cm in diameter compared to about 40% of
the pellets fired from a cylinder bore (no choke).

Shot pattern and range of fire
In addition to the analysis of gunshot residues, the range of fire
can also be determined from the wound morphology: the distribution of the pellet entrance wounds is documented and the
size of the shot pattern ignoring marginal fliers is measured.
The size of the shot pattern is then assigned to a muzzle-totarget distance. For this purpose, there are a number of formulas but test firings including the actual weapon or the same
model and the same brand of ammunition used are the only
reliable method. The shot pattern on the body surface has to
be reproduced experimentally.
Factors interfering with this procedure include intermediate
targets increasing the dispersion and pellets missing the body
or being stopped by cover. It is not feasible to use radiographs
for this purpose because the distibution of the pellets inside the
body is depicted. This distribution is the result of a pronounced
dispersion inside the body (comparable to a billiard ball effect)
similar to contact with an intermediate target. The shot pattern
inside the body will thus simulate a longer range of fire.

Entrance wound morphology and range of fire
A pronounced change of wound morphology of shotgun injuries occurs in a muzzle-to-target distance from none to a few
metres, which serves as the basis for a scheme for determining
the range of fire:
1. Contact/near-contact range: the skin shows no soot or a
thin band of soot around the entrance wound, which is
circular or oval in shape and has smooth edges. Additional
cartridge components such as the wad, plastic cup or granulated polyethylene filler material are found inside the
wound.
2. Close range (from a few centimetres to 1 m): the size of the
wound increases with an increasing range of fire while the
density of soot deposition and powder stippling decreases
and the area affected increases. The wound margins become
increasingly serrated and ragged and a few satellite pellet
holes can be located around the entrance wound (Fig.
20.26). Cartridge components can be found inside the

Figure 20.26 Close-range entrance wound from a 12/70
shotgun after washing so that gunshot residues are absent. The
range of fire was approximately 50 cm; the wound margins show
the typical serration.

wound or can cause additional skin lesions close to the
entrance wound after drifting laterally.
3. Range of 1–3 m: the ragged or serrated nature of the
entrance wound margins is increasingly replaced by an
irregular defect surrounded by satellite pellet holes in the
vicinity. Gunshot residues are commonly not present and
the wad or other cartridge components produce associated
skin injuries. Polyethylene filler granules typically produce
stipple marks similar in appearance to stippling from
powder (pseudo-tattooing).
4. Distant gunshots: the wound morphology becomes increasingly variable depending on the shotgun–cartridge combination. The coherent pellet column dissolves in a distance
of 5–10 m from the muzzle so that the central irregular skin
defect is replaced by a shot pattern consisting of multiple
individual pellet holes. Cartridge components either miss
the body or associated injuries are frequently located at a
distance from the centre of the shot pattern.

Wound ballistics and billiard ball effect
The penetration capacity of the single pellets is limited due to
their small mass causing rapid deceleration so that exit wounds
occur infrequently when using common shot sizes. However,
this is not true for gunshots from a range of fire below 5–10 m
where the shot column is coherent and is thus initially acting
on the body as a single solid and massive missile. The first row
of pellets is slowed down by contact with the body surface
(clothing and/or skin) while the second row pushes from
behind, colliding with and deflecting the leading pellets. Collision and deflection are repeated with every row of pellets,
which produces a highly increased pellet dispersion disproportionate to the short range of fire.
The result of this billiard ball or shrapnel effect is a pronounced funnel-shaped enlargement of the permanent wound
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20.2.21 Differentiation of suicide
and homicide

Figure 20.27 Suicidal tangential contact gunshot to the left
upper abdomen with a 12/70 shotgun using 3.5 mm pellets. The
entrance defect to the left is circular or oval, the short
tangential shot channel demonstrates the billiard ball effect: the
exit defect is several times larger than the entrance defect due
to the pronounced lateral dispersion of the pellets. The skin
bridge between the defects shows massive soot deposits and
searing.

tract frequently resulting in wide zones of torn or riddled tissue
and thus in destructive or mutilating injuries (Fig. 20.27).
The pellet shot pattern for determining the range of fire has
to be measured on the body surface (i.e. before a billiard ball
effect can occur). The reason is that a wide shot pattern on a
radiograph, depicting the distribution inside the body, can be
produced by a real distant shot or by a close-range shot including the billiard ball effect.

Deformed lead pellets
Deformed lead pellets are recovered frequently from victims.
This can be due to grinding down of marginal pellets against
the interior surface of the barrel (marginal pellets), the pronounced compression of the lower rows of pellets during acceleration inside the barrel (bottom pellets), previous contact with
intermediate targets or it can simply be caused by contact with
tissues. Differentiation of these various reasons can be essential
in the reconstruction of a case. The morphology of the deformation can be very similar so that elemental analysis of deposits
on the deformed pellet surface can be necessary.

Sections 20.2.10–20.2.20 lists a variety of autopsy and scene
findings relevant for the reconstruction of the chain of events
leading to a gunshot wound. In many cases, a complete or
partial reconstruction is possible. In other cases, reliable findings are scarce due to unfavourable circumstances such as
putrefaction, burning or dumping of the body or insufficient
primary investigations. In such deficiency cases, comparison of
available findings to typical characteristics of suicide and homicide by firearms can be of assistance in determining the manner
of death. This approach therefore only allows probability statements to be made but the combined probability of several
findings typical for either suicide or homicide can be very high.

Number of gunshots
Suicide
A suicide commonly fires once. However, multiple suicidal gunshots do occur in 1–7% of suicides. Only a minority of these
cases use an automatic weapon, two firearms simultaneously
or doubled gunshots from a multi-barrelled weapon. In most
cases, the suicide simply pulls the trigger twice or more.
The number of suicidal gunshots can be high in extraordinary cases – up to 14 suicidal gunshots to the thorax have been
documented. Some suicides even move the muzzle from one
part of the body to another in between two gunshots so that
wounds of entrance in different body regions may also occur.
Consequently, suicide can only be ruled out with certainty if
two or more injuries each producing immediate incapacitation
are present.

Homicide
Multiple gunshot injuries occur in homicides in 25–55% of
cases. While two or three injuries are present in most of these
cases, a high number of entrance wounds is possible, for
example in execution-like scenarios or if an automatic weapon
is used.

Sites of entrance wounds

Shortened shotgun barrels

Suicide

Sometimes sawn-off shotgun barrels are encountered – they
make the weapon handier so that it can be easily carried and
concealed. In general, the muzzle velocity is being decreased
and the dispersion/shot pattern is increased but the actual effect
depends on the length of the remaining barrel. The muzzle
velocity can be reduced by 20%, which is not relevant in limited
ranges of fire, but the dispersion can increase by 50% or more,
which assists in covering the target.

Since both suicides and homicides refer to fatalities, it is not the
organs or vessels injured that differ much but the approach to
these organs and thus the sites of entrance wounds. A person
committing suicide commonly attempts to achieve rapid death
and that the position when firing the gunshot should not be
uncomfortable. Therefore, the following general distribution of
typical suicidal sites of entrance wounds is documented in the
literature:
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•
•
•
•

Head: 70–80%.
Thorax: 10–20%.
Abdomen: 0–6%.
Neck: 0–6%.
There is a multitude of entrance sites at the head. Entrance
wounds at the front side of the thorax predominantly involve
the left side and the sternal region but gunshots to the right
thorax also occur. Most gunshots to the abdomen involve the
upper abdomen representing gunshots to the heart which have
got out of place. The lower abdomen may be affected especially
if long arms are involved. The neck is rarely involved unless the
posterior aspects of the floor of the mouth are included.
The site of the entrance wound in suicides depends to a great
extent on the type of firearm used. For hand guns, the typical
sites at the head are:
• Right temple: 40–50%.
• Mouth: 10–20%.
• Forehead: 5–12%.
Most right-handed people choose the right temple or the
right side of the head but approximately 5% fire on the opposite
side.
If long arms are used, the relative number of gunshots to the
frontal trunk increases while those to the head decrease:
• Head: 50–70% including:
○ forehead: 10–20%;
○ mouth: 10–20%;
○ floor of the mouth: 10–20%.
• Frontal thorax: 25–35%.
• Abdomen: 7–13%.
• Neck: 0–4%.
The typical suicidal sites of entrance wounds outlined above
are encountered in more than 90% of all suicides and in almost
100% if abdomen and neck are included.
However, almost every bodily region can be reached by the
muzzle of a hand gun and so a large variety of atypical sites of
suicidal entrance wounds exist such as the back of the head and
neck, the parietal region, the nose, the eye (even after perforation of the spectacle lens), the ear, the nose, the back or the anal
region. In some of these atypical cases, dissimulation tendencies
are clear and become even more obvious if devices or flowing
water are used to make the gun disappear.
Accompanying suicidal injuries occur infrequently in the
form of a gunshot to an extremity or a grazing gunshot, which
are due to excitement and/or inexperience in handling a gun.

Homicide
Compared to suicides, the sites of entrance wounds in homicides are distributed more evenly among different body regions
because homicide frequently is a dynamic event involving reactions of the victim and because the back side of the body also
presents itself. The main entrance sites are:
• Head: 30–50%.
• Thorax: 25–45%.
• Abdomen: 2–20%.

The distribution over these main sites is even in that a substantial portion is located at the back of the body. Typical suicidal
sites are only involved by chance so that approximately twothirds of homicidal sites of entrance wounds are located in
regions atypical for suicide. This should definitely raise the level
of suspicion but extraordinary entrance wound sites do also
occur in suicides. Homicides involving multiple gunshots have
a tendency to scatter the entrance sites in various body regions
due to motion, defence or flight of the victim. However,
entrance wounds in different body regions do also occur in
multiple gunshot suicides so that this cannot be excluded for
suicides.

Range of fire
Suicides
Suicides commonly intend to have a stable and comfortable
position for the shooting hand, which is best achieved by
contact between the muzzle and the body surface. A nearcontact wound can be considered a contact wound where the
gun was moved slightly away from the body surface immediately prior to the gunshot, for example by the finger pulling the
trigger and thus pulling the muzzle away from the skin.
Therefore, the vast majority of suicides show contact or
near-contact wounds while a small minority fire from intermediate range. The size of this minority varies in different studies
from less than 1–10%. If the range of fire surpasses the anatomical reach of the arm of the victim in combination with the
firearm used, a suicide is only possible if assisting devices such
as a cord were used.

Homicides
Intermediate and distant gunshots clearly predominate while
contact and near-contact wounds are present in 6–11%. This
finding can indicate surprise or defencelessness of the victim or
a scenario similar to an execution.

Direction of the bullet path
The typical direction of the internal bullet path may differ
between suicides and homicides for a particular entrance
wound site. The static setting in suicides and the fixed geometric relations of body and firearm can produce typical positions
of the firearm and thus typical suicidal bullet paths while the
dynamic situation in homicides causes variable bullet paths.
This has been corroborated for three typical suicidal entrance
wound sites.
In gunshots to the right temple, suicides commonly show a
bullet path directed front to back and upwards (or parallel).
Therefore, a bullet path running back to front and/or downwards is not indicative of suicide despite the typical entrance
wound site.
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In gunshots to the left chest, suicides commonly fire from
right to left or parallel due to more common use of the right
hand. In left-handed people, the opposite is true. In homicides,
the bullet paths frequently run from left to right so that this
bullet path cannot be considered typical for suicide, except for
left-handed people.
In suicidal gunshots to the left chest involving long-barrelled
firearms, a deviation from the horizontal plane occurs frequently due to limited reach of the arm but both upwards and
downwards directions of the internal bullet path have been
documented. This is not surprising because the trigger can be
reached by both raising and lowering the stock of the weapon
and different positions of the upper body can be taken.
In gunshots to the mouth, suicides clearly prefer an upward
direction while a descending course is a rarity.

20.2.22 Geometry of the victim, gunshot
injury and weapon
A self-inflicted gunshot can be excluded if the victim was
unable to fire the gun at hand, for example because the length
of the arm including additional motions in the shoulder girdle
is not sufficient to reach the trigger. For this purpose, the relevant dimensions not only of the weapon but also of the body
need to be measured and documented.

20.2.23 The hand firing or steadying
the gun
A hand firing a gun and a hand steadying a gun can be proven
by evidence of soot, backspatter or injuries inflicted by the gun.

Soot
The presence of soot, however, only proves that a gun has been
fired, not necessarily the gunshot in question. A perpetrator can
clean his or her hands so that soot will not be present. In several
large series of gunshot suicides, investigations of the hand for
soot were positive in approximately 50% of cases. False-negative
results of soot investigations can be due to the weapon construction, prior manipulations or environmental conditions
such as body fluids. False-positive results can be produced by
spatial proximity of the hand and the muzzle at the moment of
the gunshot, for example when a victim raises the hands in a
defensive gesture. The resulting soot distribution, however, will
differ from the one shooting or steadying the muzzle.

Backspatter
The presence of backspatter can be linked to a victim and thus
to the gun used by DNA analysis. Backspatter on the hand of a
suicide is typically located at the extensor side and is distributed
radially (see Fig. 20.25a). Some single bloodstains are small or
tiny (<1 mm) and have circular or elongated shapes. Frequently,
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there is only a limited number of small stains which can be
eliminated easily (see Fig. 20.25b). A thorough and early investigation is therefore recommended. The transfer and subsequent presence of backspatter on a shooting hand or one used
to steady the muzzle is not mandatory, so that negative findings
do not exclude the possibility that a hand was close to the
entrance wound when the gunshot was fired.

The gun inside the hand
It has been mentioned that a gun inside the rigid hand of a
victim represents an indication for homicide because the gun
should drop out of the hand when unconsciousness sets in.
However, short-barrelled firearms have been found inside the
hands of suicides in approximately 20% of cases, and if a longbarrelled firearm was used, in 10–20%. Therefore, a gun inside
the hand is compatible with suicide. It cannot be used as an
indication for another person putting the gun inside the hand
of the victim afterwards in order to simulate suicide.

20.2.24 Prior exposure of the entrance
wound
Also, it has been explained that suicides expose the chest from
textiles prior to firing a gunshot so that a perforation of clothing would indicate homicide (or accident). However, more than
four-fifths of suicides perforate textiles. Therefore, the perforation of clothing is definitely not an indication for homicide
while prior exposure of the entrance wound region represents
an indication for suicide.

20.2.25 Defensive injuries
Similar to defensive injuries from sharp force impacts, victims
of gunshot wounds can have had their hands raised in a defensive manner. The resulting bullet path in the hand or upper
extremity reflects such an uncommon position that it therefore
suggests homicide.

20.2.26 Accidents
Accidental firearm fatalities represent a multi-faceted subgroup.
A differentiation from suicide or homicide can be challenging
because the basic difference is the intention (or lack thereof) of
the person shooting. Furthermore, both suicides and homicides
may be disguised by the suicide, family members or the perpetrator, and the definition of what exactly constitutes an accident
may also vary. So-called Russian roulette, for example, can be
classified as accident or suicide.
These factors explain why the relative frequency of accidental firearm fatalities varies between 1% and 4%. The majority
of accidents are caused by another person because it is not
an easy task to unintentionally fire a fatal gunshot to one’s
own body, especially when using a long-barrelled firearm. The
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relatively low number of accidents, the high frequency of
extraordinary actions and the widespread involvement of children, adolescents and intoxicated people make it difficult to
isolate typical features except for a single non-contact gunshot
injury. However, contact gunshots and even multiple gunshots
have been described in accidents.

Hunting accidents
Most hunting accidents are caused by another person using a
long-barrelled firearm. The large majority of hunting accidents
are caused by a violation of basic hunting rules such as improper
handling of the firearm, failure to notice the victim or mistaking the victim for game, hitting the victim while swinging
towards the game or ricocheting projectiles. Additionally, a
technical defect in the firearm involved can only be made
responsible in exceptional cases. Human error, not technical
defects, are therefore responsible for the vast majority of firearm
accidents.

Gunshot discharged ‘by itself’
Sometimes it is stated by the defendant that the gunshot discharged ‘by mistake’ or ‘almost by itself ’. A gunshot only discharges if the trigger pull weight is overcome. The trigger pull
weight of many firearms amounts to approximately 20–30 N
and rises to approximately 70 N in double-action mode while
sporting weapons, worn out or defective firearms can have
trigger pull weights considerably lower.
In a brawl, there may be motions or actions such as pulling
at the barrel which can produce forces exceeding the trigger pull
weight. However, for a gunshot to discharge, the security device
has to be disengaged, the weapon has to be cocked and the
index finger has to be at the trigger. All these actions have to be
performed before a gunshot discharges, which demonstrates
that the person shooting was indeed prepared to shoot. However,
the hair trigger of a hunting rifle can reduce the trigger pull
weight to less than 1 N. This small amount of force can be
overcome easily, which makes a hunting rifle in this condition
very susceptible to accidental discharge.

Gun cleaning accidents
So-called gun cleaning accidents are extraordinary events but
do occur, the construction of some firearm models, such as the
pistol Walther 08, are susceptible. Accidental discharge on dropping the weapon mainly involves single-action or old doubleaction revolvers.

20.2.27 Miscellaneous
Epidemiology
The epidemiology of gunshot incidents depends to a great
extent on the historical and cultural background and the legal

framework of the society. Consequently, there are large variations from country to country concerning age, gender, time or
place, which make these parameters unsuited for forensic conclusions except for gender. Traditionally, ‘a shot woman is a
murdered woman until proven otherwise’ (Knight 1977)
because the relative frequency of women committing firearm
suicides used to be in the range of only a few per cent whereas
females constitute a substantial portion of homicide victims.
While this was never really true for countries with liberal firearms legislation such as the USA, the increasing relative frequency of women using a firearm for suicide in other countries
renders Knight’s hypothesis currently untenable.

Infectivity
There is no such thing as self-sterilisation of projectiles. The
surface of bullets reach temperatures of 100–200°C during a
short period of time so that pathogens can stay virulent. Frequently, germs from the textiles or skin are dragged along by
the bullet and temporary cavitation can suck in pathogens via
entrance and exit defects. Consequently, every gunshot injury
can be infected from the very beginning.

Threshold velocity
The penetration of skin affords a minimal velocity depending
on mass, calibre, type and construction of the bullet and on
thickness and elasticity of the skin. For conventional hand gun
bullets, the minimal velocities necessary to perforate skin range
from approximately 50 to 80 m/s and those for the penetration
of bone are in a similar range.

Acoustics
When a gunshot discharges, two major acoustic phenomena
can be differentiated. The muzzle blast, which is commonly the
loudest phenomenon, is caused by a violent expansion of the
hot gases in front of the muzzle. The projectile sound is caused
by the moving bullet and has different qualities depending on
the velocity of the projectile. Both acoustic phenomena are
travelling with the velocity of sound. The two sounds can be
heard separately if the bullet velocity is not equal to that of the
muzzle blast (i.e. the speed of sound), and if the distance from
the muzzle to the listener is sufficient.

Silencer
A silencer is a device to decrease the muzzle blast of a discharging firearm by decreasing the rapid expansion of the muzzle
gases (i.e. the volume and the temperature of the expanding
gases). This is commonly achieved by a cylindrical gas expansion chamber attached to the muzzle. The chamber may be
filled with disks having a central hole, with steel wool or with
other devices controlling the gas flow so that a variety of types
of silencers exist. The muzzle blast of a firearm can be decreased
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from approximately 160 to 130 db by an effective silencer, which
makes a substantial difference to the human ear.
Revolvers cannot be silenced effectively because the muzzle
blast also exits from the cylinder gap. The projectile sound
cannot be diminished by a silencer, which is why subsonic
cartridges are preferred in silenced weapons. A silencer commonly decreases the quantity of gunshot residues exiting from
the muzzle because it can be considered an expanded elongation of the barrel filled with ‘traps’.

Muzzle modifications
Muzzle brakes and compensators are devices which redirect the
flow of some of the muzzle gases to produce a forward and
downward momentum, thus counteracting and reducing the
recoil motion of the firearm.
Flash suppressors decrease the visibility of the primary
muzzle flash by breaking it up. This is achieved by longitudinal
slits in a cylinder attached to the muzzle, through which gases,
fire and gunshot residues can escape.

Bullet emboli
Vascular embolisation of a projectile can involve the arterial
and the venous system with the bullet embolus commonly following the direction of the blood flow although retrograde
venous embolisation is possible. Arterial bullet emboli frequently lodge in the legs while venous bullet emboli do so in
the right heart and pulmonary arteries. Most bullet emboli are
due to small and low velocity missiles, especially pellets, because
the vessel wall has to be perforated only once so that the missile
remains inside the vessel.

Lead poisoning
Lead poisoning from retained lead bullets or pellets is a very
rare occurrence. Favourable factors are a large missile surface
and especially lodging inside a joint or bone. The time interval
until lead poisoning sets in can vary from a few days to many
years. Diagnosis is based on lead levels in blood and urine.

Body armour
Body armour commonly consists of several layers of tearproof
synthetic material (e.g. Kevlar). If there are enough layers of
this highly elastic material, perforation by conventional hand
gun bullets, pellets or fragments is prevented. However, the
missile produces a deep indentation in the elastic material
which is transmitted to the body, thus modifying ballistic
trauma to blunt force trauma of considerable intensity. Consequently, contusions or ruptures of the skin and muscles can
occur as well as organ contusions or rib fractures. Bullets from
long-barrelled guns commonly perforate soft body armour so
that additional heavy steel or ceramic plates are necessary to
stop these projectiles.
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20.3 Arrow wounds
Arrows are missiles which rely on sharp force for the penetration of tissues. Arrows fired from bows represented the most
effective long range weapon for several millennia and were used
almost universally for hunting, war and sports. The strong
influence of the bow and arrow on the life of ancient societies
is reflected by the etymological roots of the term iatros, which
means ‘extracts arrows’ in ancient Greek, or the evolution of the
term toxikon (poison) from the term toxon (bow).

20.3.1 Bows and cross-bows
The long bow (straight bow) is the prototype of the mediaeval
bow made exclusively from yew, a natural composite material.
The recurve bow has shaft arms bowed opposite to the draw
direction. Consequently, more energy can be stored inside the
drawn bow, allowing the construction of smaller bows used by
horsemen such as the Mongolian warriors. The modern compound bow uses a system of cams from which the bowstring
unwinds as it is drawn. Thus, it achieves a force reduction at
full draw, which allows relaxed and accurate aiming. The crossbow represents a derivative of the bow mounted horizontally
on a tiller but lacks a big advantage of the bow (i.e. the rapid
firing rate).

Exterior ballistics
The maximum initial velocity of an arrow fired from a conventional bow lies between 40 and 90 m/s. The exterior ballistic
performance of an arrow is excellent. Because of the elongated
shape, the sectional density is very high, which minimises the
effect of air drag. The velocity loss of an arrow in air, therefore,
is low.
Arrows are stabilised during free flight by both the dart and
wing principle. The angled fletchings impart a rotation of 5 to
10 revolutions per second to the arrow around its long axis,
which compensate for any constructive asymmetries, thus
increasing the shooting accuracy. The rotational motion also
compensates for any damped oscillating movements of the
arrow shaft produced by rapid acceleration around the shaft of
the bow. The fact that these oscillating motions do not interfere
with a straight trajectory and thus the shooting accuracy is
called the archer’s paradox. The maximum range of a long bow
is more than 200 m and that of a conventional compound bow
can surpass 400 m.

Arrowheads
Ancient arrowheads were made from wood, stone, glass, bone
or metal. The wounding potential is primarily determined by
the shape of the arrowhead. Old bodkin war arrowheads shaped
similarly to a huge needle have an excellent penetration capacity against intermediate targets such as mediaeval armour.
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Modern steel arrowheads are of two major types: the field-tip
arrowhead has a conical shape resembling a pointed bullet and
is used primarily for target shooting. The broadhead, which is
a hunting weapon, has two or more razor-edged metal blades
radiating outward from a central shaft with a small conical tip
or primary blade at the very tip.

Wound ballistics
The penetration mechanism in soft tissues is a combination of
cutting and stabbing while bruising and tearing are practically
absent. The resulting incised and punctured wounds, together
with the high sectional density of arrows, favour a deep penetration of tissues. Consequently, arrows roughly penetrate as
deep as hand gun bullets in non-bone tissues but possess only
a small portion of their kinetic energy. Bleeding from arrow
wounds can be limited due to the arrow shaft acting as a tamponade of the shot channel. Moveable organs such as bowel
wall are not pushed aside but are incised. Abdominal injuries
commonly produce bowel perforation and peritonitis, which
caused the Samurai, the American Indians and the Scythians to
choose the abdomen of their enemy as a preferred target.
Contact with bone clearly reduces the penetration depth of
arrows. Most arrows will perforate flat bones such as ribs but
impact tightly in thick bones (Fig. 20.28) so that extraction can
be very difficult, especially if the arrowhead fragments or
becomes detached from the shaft. This situation represented a
great threat to victims in the past and has provided a major
stimulus for the development of surgery.

except for star-like entrance wounds from broad-heads. The
same applies to the morphological characteristics of the wound
track in soft tissues and solid organs. The wounds are sharply
cut and tissue destruction from bruising or tearing is commonly insignificant. Field-tip arrowheads, however, can produce
an abrasion ring similar to gunshot entrance wounds and also
funnel-shaped wound tracks in flat bones. If the arrow has been
extracted, the differentiation from gunshot wounds relies on
the sharply cut wound morphology in soft tissues and organs
and on chemical investigation of the skin entrance wound.
Furthermore, the fletchings can leave microstains inside the
wound if the arrow penetrated deeply.
Fragments of arrowheads should be recovered and the evidential value of latent fingerprints on the arrow shaft has to be
considered before mishandling of the arrow occurs. Together
with an inspection of the scene, the arrow in situ or a long
probe after arrow extraction can provide information as to the
direction the arrow came from and the position of the person
shooting.
Unlike a bow, a crossbow does not need skill or practice to
shoot accurately and can be laid down and picked up in a
loaded condition. Crossbows, therefore, are used in most cases
of homicide and in practically all cases of suicide. Accidents
mainly occur during hunting or when handling or playing with
the weapon. The cause of death is frequently exsanguination/
haemorrhagic shock. From both a surgical and a forensic point
of view, the arrow should be left in situ and should be stabilised
to limit motions during transport and bleeding until surgical
therapy or autopsy.

Forensics
The shape of the entrance wound depends on the shape of the
arrowhead and can show all variations, from circular to slit-like,

20.4 Explosive injuries
Explosion injuries can be associated with military activities or
terrorist actions but also occur in civilian life in suicides and in
accidents related to the industrial sector or use of fireworks.

20.4.1 Physics of explosion

Figure 20.28 Broadhead arrowhead embedded tightly in the
vertebral column of a swine. One of the three razor blades
fragmented during impact. No effort was made to remove the
arrowhead, which would have been difficult.

Explosive weapons contain explosives such as trinitrotoluene
(TNT), pentaerythritol tetranitrate (PETN) or trotyl. The
explosion of 1 kg of TNT, for example, produces a gas volume
of 7800 L in a few microseconds. The very rapid gas expansion
produces a front of compressed air, a positive pressure impulse.
This pressure wave or blast wave represents a real shock wave.
The pressure wave propagates radially. In air, the peak pressure
is proportional to the cube root of the explosive weight and the
inverse of the cube of the distance away from the detonation.
If the pressure wave impacts a solid barrier, it may not only be
reflected but also be considerably reinforced. In water, the range
of the blast wave is increased considerably compared to air.
The pressure wave is followed by the expanding detonation
gases called blast wind or dynamic overpressure. Missiles
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included inside the explosive device or secondary missiles from
the surroundings are accelerated by the blast wind. The detonation gases can also have high temperatures producing burn
injuries and leading to environmental fires.

20.4.2 Mechanisms of injury
Explosion injuries are subdivided into four groups depending
on the cause of injury.

Primary injuries
Primary injuries are produced by the blast wave. Preferential
locations are tissue density interfaces and thus gas containing
organs and gas–fluid interfaces. The effects of the blast wave
can be very variable. For a given pressure, the effects also depend
on the duration of the positive pressure phase, turbulences
inside the blast wave, the distance to reflective surfaces and preexisting pressure relief valves such as openings in a room, the
body position relative to the source of detonation and shielding
by firm structures. The incidence of primary injuries is increased
especially by detonations inside closed rooms due to reflection
and diffraction of the blast wave.
Primary injuries mainly occur in gas-containing structures.
The ear is the most sensitive human organ. Eardrum ruptures
are possible from peak pressures of only 35 kPa.
The threshold pressure for lung contusions, causing the
highest morbidity and mortality among primary injuries, is
100–1000 kPa. The mechanism of injury is blunt force: the blast
wave exerts a force resulting in a considerable intrusion of the
chest surface, which is transmitted to internal structures via
bulk movement of tissues. Local compression, shears and tensile
stress typically produces a stiffened, heavy lung and diffuse,
pleurally based pulmonary contusions. The pleural surface may
show transverse stripes called rib markings but injuries to the
thoracic wall are commonly not present. Pleural tears may
cause pneumothorax, haemothorax or mediastinal emphysema. Intra-alveolar haemorrhage is a regular finding while
perivascular and peribronchial disruption and bleeding may
occur. The respiratory tract frequently contains blood or bloody
foam, which can produce acute pulmonary emphysema. Alveolar walls can be torn and arterial air embolism can be the result
of alveolar-pulmonary venous fistulae created by the blast wave.
Together with respiratory insufficiency, cerebral and other air
embolisms are responsible for most of the early mortality cases
originating from primary blast injury.
Injuries to the bowels, especially the colon and stomach, are
the result of the compression of gas collections or gas bubbles
and gains relevance in immersion detonations. The bowel wall
is dented considerably, what can result in subserosal or intramural haematoma or complete bowel wall rupture.
Large explosive charges frequently produce a considerable
psychological shock known as shell shock in World War I. The

363

effects of the blast wave have been described as a gunshot
without a missile or a strike without a sword because it is
present and effective within every gaseous or liquid medium as
long as the range is not exceeded.

Secondary injuries
These injuries are caused by missiles which are accelerated by
the blast wind. The missiles may result from bomb fragments
(primary missiles) or from flying debris from environmental
objects such as glass, stones, wood or larger parts of buildings
(secondary missiles). Buildings may also collapse from shaking.
Therefore, depending on the mass and shape of the missiles,
secondary injuries may be penetrating, lacerating or crushing.
Most primary missiles have a low mass so that effective range
and penetration depth in tissues are limited despite high initial
velocities. Also, there is a multitude of missiles so that multiple
injuries are common at least in the vicinity of a detonation.
Small dust and dirt particles can penetrate the skin, presenting
as dust tattooing.

Tertiary injuries
The blast wind can move and displace the entire body, frequently followed by an impact against stationary objects. The
resulting acceleration and deceleration forces can produce fractures, contusions, lacerations, amputations and haemorrhages.
Tertiary injuries commonly occur close to the detonation
because the range of detonation gases is limited. Exceptions are
possible if people are located in passages, openings or gaps
where an increased gas flow is due to a valve effect.

Quaternary injuries
Burn injuries are produced by the flash (i.e. hot explosion
gases) and by secondary fires. The flash initially reaches high
temperatures but contact times are short and ranges are limited,
so that large but superficial burn injuries of exposed skin are
typical while clothing commonly has a protective effect. Inhalation of toxic gases from the detonation or secondary fires can
also cause intoxications.

Causes of death
The cause of death depends on various factors such as the type
and distance from the detonation. Primary blast injuries mainly
occur close to the detonation. Coronary and cerebral air embolism from blast-induced alveolar-venous fistulae is common in
the early phase while respiratory insufficiency from lung contusion is typical for the later phase. People who are affected by
the limited range of a blast wave in air are likely to also sustain
secondary or tertiary injuries, frequently dominating the clinical picture.
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Self-made bombs
Explosions of self-made devices occur in suicides and accidents
as well as in terrorist attacks. The type of a bomb and the weight
of the explosive load vary greatly and so do the resulting injuries. Missiles are frequently included in the form of nails, lead
spheres or similar materials. Detonations outside or inside large
spaces frequently produce a typical injury triad – abrasions,
contusions and small canal-like defects – but the injury patterns
can vary widely. Primary injuries are limited to the vicinity of
the explosion but injury severity is not strictly correlated to the
distance from the detonation. This is even more the case in
detonations in confined spaces such as a bus: shielding, reflection and diffraction of the blast wave from surrounding objects
and pre-existing passages and vents can increase injury severity.
Consequently, mortality rates in confined spaces are clearly
higher than in the open air.

Hand grenades

Figure 20.29 Explosive amputation of the lower leg of a UN
soldier from an antipersonnel mine showing injury pattern 1:
flesh stripping effect. Courtesy of Dr Titius, Das
Bundeswehrzentralkrankenhaus Koblenz, Germany.

20.4.3 Injuries from explosive devices
Mines
Mines are explosive devices which are activated by pressure.
Antitank mines are distinguished from smaller antipersonnel
mines. There are three typical injury patterns depending on
type and locality of the mine:
• Injury pattern 1: if a victim steps onto a mine and the
detonation occurs in the ground, the foot or leg are frequently amputated and the contralateral leg is also injured.
Typically, tissues surrounding the leg bones are literally
stripped: flesh stripping effect (Fig. 20.29). Mortality is
substantial.
• Injury pattern 2: some mines are mechanically hurled into
the air before detonating at waist height, thus producing
multiple fragment injuries in various body regions. Mortality is high.
• Injury pattern 3: a mine detonating inside the hand of a
victim while playing (children), placing or deactivating the
mine causes traumatic amputation of the hand or arm and
injuries to the face and upper body.
These military weapons can endanger civilians even decades
after a war has ended.

Hand grenades are military explosive devices intended to
be thrown after activation. Most types contain 30–160 g of
TNT or a similar explosive. Many hand grenades incorporate
small fragments or spheres <5 mm while others are shattered
into a multitude of small fragments. Initial velocities of
the missiles can be high (200–1300 m/s) but low mass and
sectional density cause a pronounced deceleration in air and
even more so in tissues or other dense media, so that environmental objects such as window glass can provide protective
shielding.
Consequently, hand grenade fragments commonly produce
small wounds, do not tend to penetrate deeply and are not
associated with comminution of bones. However, the high
number of fragments may cause multiple injuries, especially in
close-range incidents. Severe injuries are related to the penetration of vital structures. In cases where the grenade exploded
while in contact with a body, a shallow crater and multiple
canal-like defects are produced (Fig. 20.30).

Gas and dust explosions
Gas and dust explosions occur if an inflammable gas or
particulate matter are suspended in air at an inflammable
concentration. Accidents therefore occur with household gas,
in mines (firedamp explosions) and grain silos. Again, the
degree and type of injury depend on the type of explosion,
distances and environmental factors. Primary blast affected
lungs, burn injuries and injuries from flying debris or col
lapsing building constructions frequently predominate, but
toxic effects (e.g. carboxyhaemoglobin) and even mechanical
asphyxia from dust or grain inside the respiratory tract may
also occur.
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a confined space such as a car – even if car occupants may also
be found outside the car after the incident. The legs are affected
most severely in detonations close to the ground and in cases
where the charge was located on the ground; the resulting crater
marks the point of detonation.
It is difficult to estimate the distance from the detonation if
the victim was not located in its vicinity because environmental
differences such as vents or shielding can have far-reaching
consequences for the resulting injuries.

20.4.5 Autopsy

Figure 20.30 Hand grenade injury. The detonation occurred in
contact with the upper chest of the woman. There is a broad but
rather shallow tissue crater with multiple pellets inside the
pleural cavities and the heart. The sparing of the neck comes
from an inclination of the head. The left side of the thorax and
the upper arm show single shot channels from individual pellets,
the tangential ones converging at the point of detonation. No
pellets penetrated the neurocranium, and double-layered window
glass at a distance of approximately 2 m was not completely
perforated.

Autopsy is performed for the identification of victims, correct
assignment of body parts to bodies and determination of the
causes of death. The investigation and documentation of individual injuries is not only essential for reconstruction purposes
but can also lead to the recovery of components of explosive
devices, which can be very difficult to find in a devastated environment after an explosion. Imaging techniques are essential
for this purpose. Separate wound channels from primary missiles can give indications as to the body posture. Soot elements
can be found on the hands of people who have thrown hand
grenades.
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Injuries due to Asphyxiation
and Drowning

Wolfgang Keil, Philippe Lunetta, Richard Vann and
Burkhard Madea

21.1 Asphyxiation
Wolfgang Keil

21.1.1 Definition
Practically every death is ultimately accompanied by a hypoxic
or hypoxic-ischaemic brain death. The only exceptions are
destructive injuries to the head or to the brain which result
directly in death.
In forensic medicine, an oxygen (O2) deficiency caused by
specific traumas and resulting directly in hypoxic-ischaemic
brain death is defined as ‘asphyxiation’. These traumas can
include strangulation, obstruction of respiratory movement,
obstructions of the respiratory orifices and of the airways as
well as an O2 deficiency in the tidal air. In this respect, brain
death is essentially triggered by three factors: cerebral ischaemia
as a result of neck compression or thoracic compression and/
or due to a reduced O2 content in alveolar air. In addition,
increased O2 requirements of the body which cannot be satisfied may have a causative effect. The diagnosis of the cause of
death is worded on the basis of how the brain death occurred,
for example by hanging, positional asphyxia syndrome or
asphyxiation due to rebreathing. The term ‘asphyxiation’ represents the umbrella term for all these diagnoses.
Internal diseases, injuries and intoxications can result in
acute respiratory insufficiency with diffusion disorders in the
lungs as well as in impairments to the transport, binding or
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release of the O2 in the body. Hypoxia can also occur due to
hypotension or in a state of shock. The O2 deficiency which
arises ultimately leads indirectly to hypoxic-ischaemic brain
damage. If death occurs as a result of this cerebral damage, such
cases are usually called ‘hypoxic brain death’ in clinical medicine and are not associated with the term ‘asphyxiation’ (Larsen
2010). ‘Hypoxic brain death’ as a result of cardiac infarction
accompanied by temporarily suspended haemoperfusion of the
brain is not classified as ‘asphyxiation’, for example. Brain death
following subdural bleeding with cerebral compression and
reduced perfusion of the brain is also not considered asphyxiation. Exsanguination also leads to death because the brain
reacts the most sensitively of all organs to an O2 deficiency and
brain death results indirectly. In all these cases of ‘hypoxicischaemic brain death’, it is medical practice to give the underlying disease as the cause of death (e.g. acute myocardial
infarction, subdural haematoma, pulmonary embolism or
bleeding into the gastrointestinal tract). Cases of hypoxia due
to carbon monoxide (CO) and cyanide (CN−) resulting in death
are accordingly known as ‘intoxications’ because indirect
hypoxic brain damage is the cause of death (Fig. 21.1).

21.1.2 Problems of classification of types
of asphyxiation
The term ‘asphyxiation’ ultimately derives from ‘asphyxia’,
which has its roots in Greek and means the lack of pulse. This
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Figure 21.1 Different use of terms in clinical medicine: for instance, ‘hypoxic brain death’ is used in clinical medicine and ‘asphyxiation’
in forensic medicine.

historic term is still used today for patients who present respiratory depression with circulatory insufficiency. This is generally
accompanied by hypoxaemia and hypercapnia so that the
patients are cyanotic. The causes of asphyctic states can vary
considerably. In clinical medicine asphyxia is thus a general,
not strictly defined term for states of O2 deficiency.
Asphyxiation and asphyxia are also standard terms in forensic pathology. It is generally accepted in this field that ‘asphyxiation’ is an umbrella term for a group of causes of death where
O2 deficiency is the direct cause of hypoxic-ischaemic brain
death. The terms asphyxia and asphyxiation are nevertheless
used differently in the international literature of forensic medicine. There is no authoritative definition of asphyxiation. Different authors (e.g. Knight 1996b; Eisenmenger and Gilg 2003)
use the term asphyxiation as a synonym for ‘suffocation’. Reference works in English in particular show great heterogeneity in

the names of the subgroups for death by asphyxiation. For
example, the term ‘suffocation’ is used on the one hand for different kinds of death due to a reduced O2 content in tidal air.
On the other hand, other authors use this term exclusively for
obstructions of the mouth or nose, while this is called ‘smothering’ by other authors. Terms such as ‘choking’ and ‘throttling’
are equally not unambiguous and are used to characterise different circumstances. This confusion and lack of precision in
the terminology of English-language articles has frequently
been alluded to (Knight 1996b; Sauvageau and Boghossian
2010).
German-language references also show clear problems in
the definition of ‘asphyxia’ and ‘asphyxiation’ and their subgroups (Brinkmann 2004). It becomes even more complicated
when German- and English-language references are compared
with one another. The creation of a uniform terminology and
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classification of the different kinds of asphyxiation is therefore
an absolute necessity (Sauvageau and Boghossian 2010). This
uniform terminology must be based on the use of standardised
criteria in the collating of results.
The present report makes use of internationally proposed
classifications of the different forms of asphyxiation, which
have become partly accepted (Knight 1996b; DiMaio and
DiMaio 2001; Brinkmann 2004; Sauvageau and Boghossian
2010). The focus for the names of the groups and subgroups
was on the way the different types of asphyxiation took place.
The attempt was also made to take account of anatomical
regions and pathophysiological principles. Such a classification
makes it easier for forensic medical experts to present the facts
to a court. An unambiguous terminology is also the basis for a
comparison of scientific data of different origins (Fig. 21.2).
In the past, cases of asphyxiation had frequently been classified using different criteria, irrespective of the details of the
different kinds of asphyxiation. In the following, some of these
classifications will be looked at and the extent to which such
categorisations are significant or meaningful for practical purposes will be examined.

External asphyxiation/internal asphyxiation
A number of authors used this classification in the past. Conditions in which too little O2 is present in the alveoli are defined
as ‘external asphyxia or asphyxiation’ in these cases. In contrast,
disorders in the transport, binding and utilisation of O2 are
called ‘internal asphyxiation’. The term ‘internal asphyxiation’
is used synonymously with the term ‘internal hypoxia’ (Brinkman 2004). This classification in principle correlates with the
categories of the present chapter, with the difference, however,
that the term ‘internal asphyxiation’ has today been replaced by
‘hypoxic brain death’ in clinical use and ‘asphyxiation’ should
remain the preferred term in forensic medicine (see Fig. 21.1).

Hypoxic suffocation/asphyxial suffocation
Hypoxic suffocation is used for forms of suffocation in which
the carbon dioxide (CO2) in the blood has not yet increased in
the first stage of suffocation. This in particular applies to cases
in which an O2 deficiency is present in tidal air. Types of suffocation in which a primary increase in CO2 takes place are
defined as ‘asphyxial suffocation’ (Schwerd 1992; Eisenmenger
and Gilg 2003). This terminology is based on pathophysiological considerations. The specific conditions of the different types
of suffocation do not, however, allow any conclusions on the
degree to which the partial CO2 pressure in the arterial blood
was impaired at the start of the suffocation process. Even if it
is only the falling O2 concentration in the tidal air that represents the cause of suffocation, a relevant hypercapnia appears
possible at the start of the suffocation process. Such classifications, which can in particular be found in German-language
references, thus appear to be more or less meaningless for the
documentation and evaluation of morphological findings.
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Mechanical asphyxia/non-mechanical asphyxia
In English-language references, the term ‘mechanical asphyxia’
is usually used specifically for asphyxiation conditions in which
external pressure is applied to the chest and/or abdomen.
‘Mechanical asphyxia’ is also frequently used as a synonym for
‘traumatic asphyxia’ (Sauvageau and Boghossian 2010). Knight
(1996b) pointed out that these traditional terms are incorrect
since all types of asphyxiation represent trauma and most variations of asphyxiation are caused by mechanical impairments
to respiration or to the cerebral blood flow.
German-language references all use the term ‘mechanical
asphyxiation’ as the umbrella term. All types of asphyxiation in
which mechanical influences on the respiratory orifices (i.e. the
throat, thorax or abdomen) play a role belong to the group of
‘mechanical asphyxiation’. The great majority of all cases of
asphyxiation are therefore covered by this term. The remaining
cases, however, which primarily arise due to O2 deficiency in the
tidal air, are not called cases of ‘non-mechanically asphyxia’, as
one would expect, but rather cases of ‘atmospheric asphyxiation’ (Brinkmann 2004). A division into ‘mechanical asphyxiation’ and ‘non-mechanical/atmospheric asphyxiation’ would
admittedly be correct, but is only of subordinate interest for
practical evaluation as a categorisation in view of the comparatively small number of cases of ‘non-mechanical asphyxiation’.
It must be noted that, in positionally induced asphyxiation
cases, both mechanical and non-mechanical components evidently play a role in the onset of death. It is practically impossible to make a clear association of these variations to one or
other of these two groups.

Natural asphyxiation/non-natural asphyxiation
A number of internal diseases can result in vomiting with aspiration of chyme leading to death. This in particular includes
diseases of the gastrointestinal system such as ileus. Variceal
haemorrhage of the oesophagus can cause fatal blood aspiration. A natural manner of death is found in cases of aspiration
caused by internal disease. The term ‘natural asphyxiation’ is
therefore also the correct term for these cases. If there is a traumatic cause for the aspiration (e.g. aspiration of blood due to
craniofacial fracture) it is a non-natural manner of death. Differentiation into natural and non-natural asphyxiation thus
appears sensible with respect to the manner of death. Cases of
death due to asphyxiation occasionally occur in connection
with the administering of food to seriously ill or demented
patients, which cannot be classified clearly.

21.1.3 Pathophysiology
Hypoxic brain damage/brain death
Hypoxic brain damage/brain death is caused by a reduction of
O2 content in the blood and by a fall or discontinuation of
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cerebral blood flow. In most cases of forensically relevant
asphyxiation processes, it is the combination of these causes
(i.e. hypoxic-ischaemic damage) that is the ultimate cause.
In addition, increased O2 demand may be significant due to
increased adrenaline release. The brain is one of the organs with
the greatest O2 consumption – around 20% of the consumption
of the total body at rest. At an average cerebral blood flow of
40–50 mL blood/min per 100 g brain, 3.0–3.5 mL O2/min per
100 g brain are utilised (Ito et al. 2005). The cerebral cortex uses
around 10 times more than the white matter. If the blood flow
rate falls to <15 mL blood/min/100 g brain, the result is irreversible brain damage (Powers et al. 1985). The following two
factors are of prime importance for the development of
hypoxic-ischaemic brain damage.

Hypoxic sensitivity
The brain is the organ with the greatest hypoxic sensitivity as
it has only extremely small O2 reserves. No anaerobic metabolism is possible in the nerve cells. The O2 store is depleted after
around 10 seconds under normothermic conditions with a
greatly reduced O2 content of the blood or with a reduced or
interrupted cerebral blood flow. It is the O2 deficiency alone
that leads to diffuse cell damage up to cell death in almost all
regions of the brain (Larsen 2010).

Glucose requirements
The energy requirements of the brain tissue are covered almost
exclusively by the oxidative reduction of glucose to recover
adenosine triphosphate (ATP). The nerve cells require a continuous supply of glucose since they have practically no sugar
themselves. Around 5.3 mg/min/100 g brain are required. In
cases of cerebral ischaemia, a discontinuation of the glucose
supply arises in addition to the O2 deficiency. The glucose and
ATP reserves in the neurons are used up after 5 minutes. The
consequences are disorders of electrical membrane potential,
which is essential for the transfer of information in the nervous
system (Kuschinsky 1991).
It thus becomes clear how fast reduced O2 concentrations
in the blood, in particular cerebral ischaemia, can produce
very serious brain damage. On a full discontinuation of cerebral
blood flow, loss of consciousness occurs within 10–15 seconds.
After 3–6 minutes, irreversible diffuse cell death is caused
from which functional damage can result. The hippocampus,
basal ganglia, cerebellum and spinal cord are particularly
vulnerable. Extensive necrotic changes can occur in the cortex.
The resulting disorder is called hypoxic brain damage or
postanoxic encephalopathy (Safar and Kochanek 2000). It generally develops into a coma in serious cases. A permanent
postanoxic vegetative state can then result. If the O2 supply was
interrupted for 8–10 minutes, this will usually result in general
irreversible cell death, which in clinical terms is called hypoxic
brain death.
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Hypoventilation
The inspired air is a gas mixture of the atmosphere of the earth
and contains 20.9% by volume O2. The predominant component is nitrogen (N2) at 78.1% by volume; 0.04% by volume
CO2 and noble gases are also contained. The composition of
these portions remains unchanged in the atmosphere up to a
height of around 90 km. However, the number of gas molecules
per volume unit decreases as the altitude increases because the
air pressure drops. Gas quantities per volume cannot therefore
be determined from concentrations of the gases, but rather
from their partial pressures.
The human organism is adapted to take up the O2 from air
at a specific air pressure. At sea level, this pressure is 760 mmHg
(=Torr). An O2 partial pressure of the inspired air (PiO2) of
around 160 mmHg results from this. A changing quantity of
water vapour (the inspired air) enters into the airways and
causes a partial pressure of around 47 mmHg at 37°C. In addition, O2 is taken up constantly from the air in the alveoli and
CO2 is expelled. The alveolar partial O2 pressure (PAO2) thus
only reaches a value of around 100 mmHg under normal conditions. Mixed venous blood from the right heart flows in the
pulmonary capillaries. It has a PvO2 of 40 mmHg, which
increases to almost 100 mmHg by O2 diffusion from the alveoli.
A small portion of this mixed blood does not participate in the
O2 exchange so that the normal value of PaO2 in the arteries
amounts to 75–97 mmHg. The PaO2 falls by different amounts
depending on O2 utilisation in the different tissues and organs
and can drop to 0 mmHg in some cases. The output pressure
of 40 mmHg is then again present in the mixed venous blood
of the right ventricle and rises again in the alveoli due to the
PO2 differential of 50–60 mmHg.
Only a small portion of the O2 is transported in dissolved
form in the blood; the predominant portion is bound to the
haemoglobin (Hb). The O2 concentration (CaO2) (i.e. the sum
of the physically dissolved and chemically bound O2) is therefore the most important parameter for the O2 status of arterial
blood. The partial pressure of the dissolved O2 is, however, the
decisive factor for O2 saturation of Hb (SaO2). The relationship
is expressed in the O2 bonding curve of Hb. Therefore, the
blood is still saturated up to 85% with O2 at 37°C when the
PaO2 only amounts to 50 mmHg. The O2 saturation of Hb only
falls rapidly as a result of a steeper binding curve at lower PaO2
values. The normal value of the CaO2 amounts to 20.4 mL/dL
in men and 18.6 mL/dL in women. Values below these levels are
deemed hypoxaemia. A drop of CaO2 to a value below 12 mL/
dL is seen as critical. Respiratory insufficiencies are accompanied by PaO2 values of ≤60 mmHg; hypoxaemic states by values
of ≤50 mmHg. The duration of such O2 deficiency states has a
great influence on the degree of tissue damage. Low PaO2 values
can be tolerated for longer by increasing the cardiac output.
Extensive cell death occurs in a very short time in cases of
anoxia. A PaO2 < 20 mmHg is always acutely life threatening.
An SaO2 of 68% and a PaO2 of 36 mmHg are critical values for
the formation of cerebral hypoxia (Nunn 1993; Larsen 2010).
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The results of gas analyses on a corpse are unfortunately of no
value for the diagnosis of death due to asphyxiation because of
the immediate changes at the early postmortal interval.
The end product of aerobic metabolism is CO2. It arises in
the cells where PCO2 amounts to 46 mmHg. The PvCO2 in the
mixed venous blood of the heart likewise has a normal value
of 46 mmHg. The alveolar CO2 pressure (PACO2) amounts to
40 mmHg. The partial pressure gradient that allows the emission of CO2 into the alveoli thus amounts to 6 mmHg. The
arterial blood then again has a PaCO2 of 40 mmHg.
Values of >45 mmHg for PaCO2 are considered hypercap
nia. The most frequent cause of hypercapnia is alveolar hypo
ventilation. The partial alveolar O2 pressure is reduced as a
result. At the same time, the PaCO2 continues to rise. Any
reduction in the alveolar ventilation thus results in hypoxaemia
if it cannot be compensated by other regulatory mechanisms.
Halving the alveolar ventilation thus results in a doubling of
the PaCO2 under otherwise constant metabolic conditions. The
increase in the PaCO2 is of particular importance in the first
phase of asphyxiation processes since increased CO2 concentrations initiate counter-regulations such as tachypnoea and rising
blood pressure. The blood flow in the brain increases and brain
pressure rises due to vessel dilatations. The increased partial
CO2 pressure also quickly causes respiratory acidosis. A strong
increase in the PaCO2 first causes a central damping and then
results in narcosis (Klinke et al. 2010; Larsen 2010).
Hypoventilation develops in a more or less acute manner in
all forms of asphyxiation. Strangulation produces a particularly
fast reduction in alveolar ventilation since the compression of
the upper airways means that only a very limited volume of
inhaled air of normal composition is available. The same applies
to obstructions of the respiratory orifices as well as to aspiration
with closure of the airways. In the forms of asphyxiation that
are caused by an obstruction of the respiratory excursions or
by abnormal body positions, hypoventilation can develop with
a delay depending on the conditions because the upper airways
are not closed. In asphyxiation due to O2 deficiency in the tidal
air, it must furthermore be noted that it is possible to exhale
CO2 without impediment at the start of the asphyxiation
process despite a drop in O2 concentration in the alveoli so that
the CO2 controlled counter-regulation is initially not present.
The following distinctions must be made in these forms of
asphyxiation.

Normobaric/hyperbaric hypoxia
The air pressure remains constant in normobaric hypoxia. The
O2 concentration in the tidal air falls, however, because other
gases such as CO2 or N2 take up larger volume proportions due
to specific circumstances. The PAO2 and the PaO2 fall proportionally to the reduction in PiO2. With an average air pressure
at sea level, the reduction in O2 concentration in inspired air
from 21% by volume to around 10% by volume results in acute
life-threatening conditions since PaO2 values of ≤50 mmHg
result.

Hypobaric hypoxia
The air pressure is reduced and accordingly also the PaO2 in
hypobaric hypoxia. The volume proportion of O2 of around
21% remains unchanged, however. These conditions exist only
in high altitudes since the air pressure falls as the altitude
increases, as does the partial O2 pressure in the inspired air. The
PiO2 of the atmospheric air reduces by an average of 17 mmHg
per 1000 m in altitude. At an altitude of 5.5 km, O2 pressure in
the tidal air is only half the value at sea level so that PaO2
reaches the critical range of ≤50 mmHg.

Alternobaric hypoxia
If the barometric pressure in a normobaric or hyperbaric environment decreases, the inspired oxygen partial pressure will
also decrease in accordance with Dalton’s law of partial pressures. This occurs during ascent to altitude or decompression
after hyperbaric/diving exposure.

Cerebral ischaemia
Four factors are relevant for the development of cerebral ischaemia in asphyxiation processes: compression of the arteries supplying the brain; compression of the jugular veins; increase in
the intrathoracic pressure; and triggering of the carotid sinus
reflex.

Compression of the arteries supplying the brain
The partial or complete compression of the arteriae carotides
communes as well as of the arteriae vertebrales has the greatest
importance for determining the different types of strangulation.
It has been shown that the degree of vessel compression depends
on the internal vessel pressure and on the amount of compression force. However, the position and the diameter of the strangulation tool also have a significant influence, which is not taken
into account by most investigators. The complexity of the conditions only allows approximate indications of the forces at which
the arteries leading to the brain can be closed. It was determined
in the 19th century that the obstruction forces amount to 5 kg
for the arteriae carotides communes and to 30 kg for the arteriae
vertebrales (Brouardel 1897). However, the internal vessel pressures applied were not given. These compression values are
important in that it is known from experiments on animals that
a substantial increase in blood pressure generally occurs in cases
of strangulation as opposed to obstruction of the airways
(Brinkmann et al. 1981b; Ikeda et al. 1992). Schwarzacher (1928)
determined the minimal pulling force to achieve a perfusion
stop to be 3.5 kg for the arteriae carotides communes and 16.6 kg
for the arteriae vertebrales at an internal vessel pressure of
170 mmHg using a typical ligature position at the neck. In
typical cases of hanging, Brinkmann et al. (1981a) found closures of the arteriae carotides communes at pulling forces of
5–7 kg. Atypical ligature positions, for example with some of
the loop between the lips and with knots at the side of the neck,
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were also examined at an intravasal pressure of 170 mmHg.
Loads of 5–30 kg body weight were in all cases sufficient to close
at least two of the four arteries supplying the brain (Rauschke
1957). Yamasaki et al. (2009) performed experiments on atypical ligature positions at an intravasal pressure of 130 mmHg. In
this respect, the ligature ran below the angle of the lower jaw in
each case. The closure forces for the arteriae carotides communes amounted to 6 kg; the figure for the arteriae vertebrales
was 7 kg. These data therefore show that the arteries can be
closed on hanging when only part of the body weight acts at
the neck. It was found in experimental ligature strangulation
that strangulation tools with a diameter of 15 mm require
pulling forces for the arterial obstruction that are twice as high
as those with a diameter of 0.5 mm. The arteriae vertebrales
were furthermore not able to be closed even with loads of up
to 35 kg with a horizontal ligature position. This result could be
of significance for the blood stasis frequently observed in the
head/neck region during throttling (Brinkmann et al. 1981a).
A fall in the blood flow rate of the brain to half can still
generally be compensated. If the blood flow of the brain falls
to around a third of the normal value (i.e. to a value of around
15 mL blood/min/100 g brain), cell death can begin within
minutes to hours. At values of ≤10 mL blood/min/100 g brain,
extensive cell death develops within 8–10 minutes (Powers
et al. 1985). It also becomes clear from these pathophysiological
findings that hypoxic brain death can occur on neck compressions of the most varied kind if the arteries are closed only
partly or incompletely.
Experiments on animals have shown that a ‘no-reflow phenomenon’ can occur after ischaemia in the brain tissue so that
reperfusion does not occur even at normal blood pressures in
specific regions. The reason for this is evidently to be found in
vessel spasms and perivascular oedema caused by O2 deficiency
(Ames et al. 1968). This pathomechanism of postischaemic
brain damage is of particular significance when a victim initially survives a neck compression up to loss of consciousness
and only dies after the end of the application of force.

Compression of the jugular vein
The flow of blood out of the head/neck region takes place via
the venae jugulares and the vertebral venous system. The venae
jugulares internae lie closer to the surface than the arteriae
carotides communes. The cross-section of the thin-walled veins
can already be completely compressed at a weight of 1–2 kg
(Yamasaki et al. 2009). These veins are thus largely or completely
closed when the lower-lying arteries are compressed. The venae
vertebrales comprise an inner and an outer venous plexus. The
internal system extends in the spinal channel and cannot be
compressed by strangulation. The external part of the venous
plexus is located in the vertebral musculature and evidently has
a larger cross-section than the venae jugulares. If the blood
outflow from the brain is impeded more by strangulation of the
neck than the blood inflow, substantially passive hyperaemia
arises above the compression. Substantially more O2 is removed
from the stagnant blood than in the normal case. Blood deoxy-
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genated by more than 30% shows a bluish colour, visible as
cyanosis. Due to the continuing impediment to the outflow, no
oxygenated blood can flow in either and cerebral hypoxia
occurs. In particular, acid metabolites accumulate due to the
interrupted purging effect of the blood so that particularly
pronounced cell damage results. In addition, tissue liquid can
be pressed out, which results in a certain swelling of the face.
The capillary pressure normally amounts to around
20–25 mmHg. The passive hyperaemia results in an increase in
this pressure, but also in the venous blood pressure. The pressure increase is amplified at least in the first phase of most
asphyxiation processes due to the increase in arterial blood
pressure. Rhexis haemorrhages of the capillaries arise as a
result. They usually represent spot-shaped bleeding known as
petechiae. Confocal laser scanning microscopy was used in conjunctival petechiae to confirm that this was the result of capillary rupture (Lasczkowski et al. 2005). According to Jarosch
(1972), venous pressures of at least 30–35 mmHg are required
for the creation of petechiae. Petechiae occur particularly frequently where local tissue pressure is low, for example in the
eyelids (Bschor 1969).
According to data from Pedersen et al. (1966), it can be
assumed that at least 10 seconds are required for the formation
of petechiae. This time is probably necessary for filling of the
venous spaces of the head and neck. According to experiments
by Jarosch (1972), minimum times for the creation of petechiae
are 3–5 minutes. In contrast, it is known that on an abrupt
increase in venous pressure in the head/neck region, petechiae
can occur immediately at least in the conjunctivae, for example
during strong bouts of coughing (Sharpey-Schafer 1953). Time
differences may possibly be present in abrupt and comparatively slow pressure increases in the venous system. The
maximum pressure increase will probably be reached comparatively slowly in forensically relevant jugular vein compressions.
In addition, as a rule, it is not possible to assume an isolated
venous blood stasis here. The simultaneous fall or rise of arterial blood pressure plays a role. The simultaneous compression
of the airways furthermore results in increases in the internal
thoracic pressure which has an influence on the formation of
petechiae. Due to these influences, which are impossible to
estimate, there is no possibility of determining the minimal
duration of a forensically relevant neck compression from the
presence of petechiae.

Increase in intrathoracic pressure
At normal respiration at rest, the intrathoracic pressure in the
expiratory position is –4 mmHg. It is thus always lower than
the atmospheric pressure. It adopts even lower values on inspiration, in particular when a relevant increase in respiratory
resistance is present. The negative intrathoracic pressure
conveys the blood backflow to the heart; pressure increases
impede the backflow. Hypoxaemic and hypoxic effects in the
head/neck region thereby develop such as have been described
with respect to jugular vein compression. Pressure increases can
be triggered by two mechanisms.
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Triggering of Valsalva manoeuvres As is known, intrathoracic pressure is increased in this process by expiration movements with a closed glottis. Such pressure increases also play a
role (e.g. on aspiration) in forensically relevant constrictions or
closures of the respiratory orifices or of the airways. The
intrathoracic pressure can then adopt values of well over
22 mmHg (Klinke et al. 2010). This results in stasis on the
venous side of the circulation. Conjunctival petechiae can occur
(Sharpey-Schafer 1953). Cardiac output is reduced so that the
blood flow of the brain is reduced. The face becomes cyanotic.
The patient may lose consciousness in the Valsalva manoeuvre.
A reduction in heart size can be observed with radiology
(Knebel 1964).
Pressure stasis according to Perthes Compression of the
entire thorax is known as ‘traumatic asphyxia’ in the Englishspeaking world. In German references, the terms ‘thoracic compression’ or ‘pressure stasis’ are used. The symptom complex is
also called Perthes’ syndrome after the first person to describe
it (Perthes 1899). In this respect, intrathoracic pressure can
adopt extreme values and can occasionally be additionally
raised by increasing intra-abdominal pressure. Petechiae then
occur not only at the head and neck, but also in the skin of the
upper chest region and the shoulders. They develop on the one
hand due to the interrupted backflow of blood from the upper
body regions to the heart with an initially still present arterial
inflow. On the other hand, the largely valveless veins of the
upper half of the body are important into which the blood is
pressed back due to thoracic pressure increases. Petechiae are
thereby particularly pronounced in many cases and can be confluent. A hyposphagma frequently forms in the conjunctivae.
The pathomechanism will possibly be amplified when inspiration with sudden glottis closure occurs directly before the
trauma. Strong cyanosis develops on the face and neck. Substantial cerebral oedema can be observed in cases of fatality. An
intensive obstruction of thoracic respiration is present independently of blood stasis, whereby cerebral hypoxia is increased.
Compression times of several minutes can nevertheless be survived (Brinkmann 1978b; Hasse et al. 1999).

Triggering the carotid sinus reflex
The sinus caroticus is located to the side of the thyroid cartilage,
at the front margin of the musculi sternocleidomastoidei. It is
formed by a dilatation at the origin of the arteria carotis interna.
Baroreceptors are located in its vessel wall and these register
blood pressure and allow fast counter-regulation reflectively on
pressure changes. Larger blood pressure fluctuations are thereby
prevented. On local compressions that relieve the receptors
(relief reflex), tachycardia, vasoconstriction, tachypnoea and
catecholamine release are triggered. Opposition reactions can
be observed on pressure increases because nervous impulses
from the wall of the sinus caroticus are conducted via branches
of the nervus glossopharyngeus to the medulla oblongata.
From there, bradycardia is caused within 1–2 seconds via the

nervus vagus (Hering 1924). The reflex can be triggered both
by local pressure on the carotid sinus and by elongation of the
arteria carotis in this region. The stretching of the vessel wall
(stretch reflex) results in an immediate drop of blood pressure
and in bradypnoea. Subjects may faint due to cerebral ischaemia. Such compressions and stretches represent an additional
pathophysiological factor as a result of the reduction in cerebral
blood flow in several forms of application of force against the
neck (Brinkmann 2004). In cases of hanging, this reflex mechanism is, however, of practically no significance since cerebral
hypoxia is primarily caused directly by compression of the
arteries. Deaths in healthy people solely traced back to reflex
behaviour have not been proven (Kleemann et al. 1990). The
carotid sinus reflex is extremely rarely hyperactive. Such conditions are known as the carotid sinus syndrome. The syndrome
has been most frequently found in the over-60s. In rare cases,
a syncopal cardiac arrest is possible as a result. The increased
reflex triggering was also traced back to arteriosclerotic changes
in the arteria carotis (Franke and Bracharz 1956; Heidorn and
McNamara 1956; Klinke et al. 2010).

Adrenaline effects
In a state of rest, adrenaline and noradrenaline flow from the
adrenal medulla at around 70 ng/minute per kilogram of body
weight. The adrenaline serum level amounts to less than
100 ng/L under normal conditions. Exceptional physical and
mental strains, traumas of all kinds, also asphyxia conditions,
result in a substantial effect on the sympathetic nervous system.
The same applies to fight and flight situations. As a result, the
serum level of both hormones, in particular of adrenaline,
increases by a multiple factor. The adrenaline effects a complex
adaptation of the body to emergencies. A fast metabolic increase
is triggered, whereby higher performance can be achieved. For
example, increases in the rate and in the contraction force of
the heart and improvements in the working capacity of the
musculature can be observed. The increase in performance of
the organism is accompanied by a substantial increase in O2
demand. It must further be taken into account that high adrenaline concentrations can cause arrhythmia. Cerebral hypoxia
can be promoted or even caused as a result of the adrenaline
effect. The effects must be considered to a different extent in
different types of asphyxiation. They may be relevant in extreme
resistance on the part of the victim which can be observed in
strangulation, neck holds or the closing of the respiratory orifices. The pathomechanism is given special significance for
death in positional asphyxia syndrome. It must be noted that
hypoglycaemia, specific medicines and alcohol can additionally
increase the adrenaline level (Rapoport 1987; Klinke et al.
2010).

Abnormal body positions
These are normally head-down positions or prone positions.
Abnormal head posture with constriction of the upper airways
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also occurs. Such body positions can be adopted over a longer
period of time and can result in hypoventilation on the one
hand and haemodynamic dysregulation on the other. Both
factors bring about cerebral hypoxia, which may be the cause
or a cause of death. Head-down positions as a result of permanent pressure of the abdominal organs result in an impediment
to diaphragmatic breathing. At the same time, an increase in
intrathoracic pressure results so that the suction effect of the
heart is reduced. Furthermore, blood backflow to the heart is
also reduced by the increased plethora in the head, neck and
thorax. The lack of the muscular pump and the missing vein
valves in the upper body partially promote this process. The
baroreceptors for the regulation of blood pressure can trigger
bradycardia and a further drop in blood pressure. In prone
positions, overweight people are at particular risk with respect
to the pathophysiological effects (Chan et al. 1997; Doberentz
and Madea 2012).

Cerebral hypoxia: pathophysiological variability
and the course of events
The pathophysiological factors that result in cerebral hypoxia/
brain death as a consequence of asphyxiation are manifold and
usually occur in combination. For example, the application of
force against the neck is almost always accompanied by hypo
ventilation and cerebral ischaemia. The principle behind this is
the anatomical proximity of the larynx, trachea, veins and
arteries to the carotid sinus. In addition, further influences
result from the variable forces and the different sites of impact,
which determine the specific pathophysiological development
in an unpredictable manner. Accordingly, exact reconstructions
of this development are also not possible. For example, these
forces depend on the body weight, body posture, variations in
ligature position and ligature thickness in cases of hanging. If
it is a case of foul play, substantially more variability can occur
during the struggle (Camps and Hunt 1959). A perpetrator can

thus effect a thoracic compression by lying on a victim while
simultaneously holding the mouth and nose closed with the
hands or strangling the victim. Changing perpetrator/victim
positions or different heights of the grip at the neck can produce
a change in the effects. It must further be noted that some
incidents proceed over two or more phases with the victim
being successively exposed to different forms of asphyxiation.
In some cases, asphyxiation is the fatal end of an incident in
which other types of violence formed the start (e.g. stab wounds
with blood loss or blunt force trauma to the head), so that
further pathophysiological processes are superimposed on one
another. A closer differentiation of the factors that are of significance for the cause of cerebral hypoxia is therefore practically impossible in such cases.

21.1.4 Observations and subjective
perceptions in asphyxiation
Observations
General stages of asphyxiation based on
pathophysiology and experiments on animals
Since the pathomechanism of all types of asphyxiation ultimately results in direct brain death caused by O2 deficiency, it
can be expected that the different asphyxiation processes show
a more or less similar course. From a pathophysiological aspect,
fatal asphyxiation processes are generally characterised at the
start by a phase of counter-regulation, by a subsequent interval
of vagus stimulation and finally by nascent paralysis. These
considerations have been confirmed many times by experiments on animals, in part also by self-experiments on humans
(Opitz 1950). In this respect, five stages can be delineated which
can extend over a period of 4–8 minutes, with cardiac activity
generally outlasting apnoea by some minutes (Table 21.1).

Table 21.1 General stages of asphyxiation. Modified from Ponsold and Berg (1967).
Stage

Observations

Approximate duration

Dyspnoea

‘Air hunger’, tachypnoea, deep breathing, use of secondary muscles of
respiration, frequently first inspiratory, then expiratory dyspnoea, tachycardia,
increase in blood pressure, cyanosis of the face, loss of consciousness

1 min to 1 min 20 s

Convulsions

Tonic-clonic convulsions, injuries due to bumps can arise during the convulsions,
deep loss of consciousness, mydriasis, further increased possibly still
increasing blood pressure, further tachycardia possible, occasionally release
of urine and faeces

2 min

Preterminal apnoea

Temporary apnoea, fall in blood pressure usually tachycardia

1 min

Terminal agonal
respiration

Agonal breaths between which there are long pauses, tensioning of the neck
muscles

1 min to 4 min

Apnoea

Irreversible apnoea, sometimes tachycardia, evidently due to hypoxic paralysis
of the nucleus of the vagus nerve

Cardiac activity can
be maintained for
up to 20 min
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Table 21.2 Evaluations of the video documentation of 14 cases of
hanging. From Sauvageau et al. (2011).
Observation

At the
earliest after

At the
latest after

Loss of consciousness

8s

18 s

Tonic-clonic convulsions

10 s

19 s

Decerebrate rigidity

11 s

1 min 19 s

Start of deep rhythmic
abdominal respiratory
movements

13 s

32 s

Decorticate rigidity

21 s

1 min 8 s

End of deep rhythmic
abdominal respiratory
movements

1 min 2 s

2 min 37 s

assumed. The trachea was not compressed. The compression
time was 10 seconds in each case. The subjects, who were still
conscious, were no longer able to carry out any random eye
movements after 5–6 seconds. Loss of consciousness occurred
in all cases after 5–10 seconds. Subsequently, tonic-clonic convulsions took place over 6–8 seconds, although the compression
had since been removed. The neck was compressed over 100
seconds in a second series of experiments. Similar reactions as
in the short compression times were observed. The convulsions
occurred over the total compression time in some cases. Bradycardia occurred after 30 seconds. A release of urine took place
in the majority of subjects after 15–40 seconds; defecation was
rare. The subjects of both groups recovered completely again
4–10 minutes after the end of ischaemia. No residues remained.

Loss of muscle tone

1 min 38 s

2 min 45 s

Observations in different non-fatal cases
of asphyxiation

Last muscle movement

1 min 2 s

7 min 35 s

Observations and time relationships on hanging
The physiological findings were substantially confirmed by executions by hanging. Lack of consciousness evidently occurred
a few seconds after strangulation. Strong breathing movements,
convulsions of the whole body, also in part cramp-like movements of the abdominal muscles were observed. There was also
increased secretion of saliva with salivary flow from the mouth.
The cause of this phenomenon has not been clearly demonstrated to date. It is possibly a mechanical stimulation of the
nerves that innervate the parotid gland. There was occasional
release of urine and faeces. Seminal discharge was rare. Cardiovascular activity was determined up to 20 minutes after strangulation (Kalle 1933).
The time development of hanging has been evaluated in
more detail in recent years (Table 21.2). The basis for this was
formed by evaluations of hanging procedures documented on
video by the people involved (Sauvageau et al. 2011).
The observations reproduced in Table 21.2 were independent of a so-called incomplete or complete hanging situation.
The degree of alcoholisation had no influence on the time
relationships. However, the people who practised autoerotic
hanging experienced indications of a certain accustomisation
to cerebral ischaemia. Occasionally, exceptions to the very
similar agonal process occur (Sauvageau et al. 2012).

Observations and time relationships in
ligature strangulation
Rossen et al. (1943) reported on observations in 126 healthy
young men who were throttled by a cuff in the lower third of
the neck. A pressure of 600 mmHg was produced by a fast
pumping up of the cuff, with compressions of the arteriae
carotides communes and of the arteriae vertebrales being

It has often been confirmed in practice by statements of witnesses, accused and in particular victims that a loss of consciousness can occur after only a few seconds in different forms
of asphyxiation, in particular in compression of the neck. Once
the asphyxiation process has ended, the victim may regain consciousness again after a few seconds or minutes. Consciousness
can even be regained after more than 30 minutes without any
cerebral damage remaining. The occurrence of tonic-clonic
convulsions is likewise known. Release of urine and/or faeces
during the loss of consciousness only occurs in rare cases (Kalle
1933).

Subjective perceptions
Survivors of asphyxiation, whether as victims of attacks, as a
result of self-experimentation or tests with volunteers, reported
their own individual perceptions of the event (Minovici 1905;
Rossen et al. 1943). Furthermore, reports exist of subjects
enhancing their sexual arousal by means of oxygen deprivation
(Näcke 1903; Innala and Ernulf 1989). Finally, people who have
experienced an accident or a suicide attempt involving asphyxiation, have given account of their perceptions. Based on these
data, the following, sometimes contradictory, perceptions were
described.

Impaired vision
Almost without exception, subjects who had been throttled
reported a constriction in their field of vision and blurred
vision. A sensation of blacking out is a sign of impending loss
of consciousness.

Agonal state
Most survivors of violent ligature or manual strangulation
reported this sensation. This happens when asphyxiation has
already resulted in a relevant difficulty in breathing that impedes
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CO2 expiration, leading to an increase of carbonic acid in the
blood and thus to acidosis. In cases of strangulation with a
predominantly cerebral ischaemic effect and a decrease in the
O2 concentration in the tidal air, the sensation of ‘agonal state’
evidently occurs less frequently.

Increased sexual response
This effect is clearly connected to an enhanced neuromuscular
and psychological state of arousal and the resulting euphoria.
This is utilised in various sexual practices, known as hypoxyphilia (Hucker 2011). As such, it is primarily men who cause
pendular movements of the body to achieve a ‘regulated’
compression of the neck. In cases of near-hanging, the victims
are thus able to attain a feeling of erotic ecstasy (Näcke 1903).
Further practices include mutual manual or ligature strangulation, and submersion of the head in water. Alternatively, a
plastic bag is placed over the head and the expiration inhaled,
in order to induce an O2 deficiency; occasionally, additional
narcotising and/or intoxicating substances are inhaled in the
bag. Mouth and nose obstructions and/or gags may be applied;
sometimes masks are utilised. Respiratory movements are
restricted by means of compression straps around the thorax
or tight clothing made of rubber.

Pain and paraesthesia
Sensations of pain were reported following self-experimentation
involving repeated hanging for 5-second intervals (Minovici
1905). Volunteers who were throttled reported shooting pains,
but also paraesthesia in the form of numbness and tingling
(Rossen et al. 1943).

21.1.5 Dissection techniques
If there is reason to suspect trauma to the neck, this region must
be dissected using a special method. In cases of potential homicides, the dissection of the neck must always be carried out as
a matter of principle in order to provide evidence of or eliminate external trauma to the neck. This is of particular significance in the case of multi-phase incidents. However, the trauma
to the neck need not be the cause of death. The complete course
of events cannot be evaluated until the evidence has been established. The injuries must be irrefutably ascertained and documented. This also applies to cases in which no external lesions
are discernible on the neck.
In cases where victims had originally exhibited or, at the
time of the autopsy, still exhibit an obstruction of the respiratory orifices or the airways, the dissection technique must be
adapted accordingly. If applicable, foreign objects like fibres
from the mouth and nose must be secured prior to the autopsy.
In addition, it is necessary to dissect the posterior regions of
the body. This is because, in homicidal asphyxiation, the perpetrator frequently lies or kneels on the victim, who has either
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fallen to the floor or is lying prostrate. Likewise, it is essential
that objective evidence of any finger marks on the arms be
established; therefore the soft tissues of the arms must be
dissected.
A special photographic documentation of the face and neck
should be carried out prior to the autopsy.

Autopsy
Creating a so-called artificial bloodless field
When dissecting the organs of the neck, the severance of fine
or major blood vessels cannot be prevented, allowing blood to
leak into the surrounding tissue. This could simulate the effect
of antemortem haemorrhage in the neck structures (Prinsloo
and Gordon 1951). To avoid such artefacts, the dissection of the
neck must be carried out in a so-called artificial bloodless field
(Werkgartner 1926; Merkel and Walcher 1936). To do so, before
opening the thoracic and abdominal cavities, the elevated skull
is sawn open, the brain removed and the dural venous sinuses
of the base of the skull are opened. As a result, some of the
blood drains out of the head. The skin incision is subsequently
made at the front of the torso, starting slightly below the jugular
fossa and ending above the symphysis. To begin with, no incision is made in the skin of the neck. The thoracic cavity is then
opened by splitting the sternum below the manubrium sterni.
After inspecting the thoracic cavity and opening the pericardium, the heart is removed by severing the major blood vessels,
or the major vessels and the heart are opened in situ. This allows
the blood to drain freely into the pericardium, creating an
artificial bloodless field in the head and neck. Afterwards, the
head can be tilted several times to facilitate the draining of
the blood from the carotid arteries. This reduces or eliminates
the danger of the soft tissues becoming saturated with blood
postmortem during the subsequent layer-by-layer dissection.

Layer-by-layer dissection of the anterior soft
tissues of the neck
This method was adopted in forensic pathology more than a
century ago (Richter 1905) and has proven to be expedient until
the present day. Firstly, a skin incision is made from the underside of the tip of the chin to the jugular fossa. This incision
extends down to the previous jugular fossa–symphysis incision.
Secondly, the subcutaneous tissue and the platysma are dissected on both sides of the long neck incision to expose the
uppermost layer of neck muscles. This is followed by the dissection of both sternocleidomastoid muscles. This involves severing each of the sternum and clavicle tendons of these muscles
so that the muscles can be separated cranially on the reverse
side. The sternocleidomastoid muscles should be incised several
times in a longitudinal direction to present any deep muscular
haemorrhaging. Furthermore, each clavicular periosteum is to
be incised lengthwise along the bone as haemorrhages may be
present, not only at the tendinous origin of these muscles and
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Figure 21.3 Layer-by-layer dissection of the anterior soft
tissues of the neck (incomplete hanging). Arrow: haemorrhage
on the clavicular origin of the right sternocleidomastoid muscle.

in the musculature itself, but also subperiostally. Particularly in
cases of death by hanging, haemorrhages may occur under the
periosteum of the clavicles, and occasionally of the manubrium
sterni. The infrahyoid muscles are then prepared in situ. The
sternohyoid muscles, the sternothyroid muscles and the thyrohyoid muscles are dissected layer by layer from the origin to the
insertion. The tendinous intersection of the omohyoid muscle
is severed and the superior belly of this muscle dissected in the
direction of the hyoid bone. This method enables the simple
diagnosis of any haemorrhages, contusions or ruptures on any
of the soft tissues and muscles running across the front of the
larynx and the upper trachea (Fig. 21.3). After the layer-by-layer
dissection, the neck package is carefully exenterated in the customary manner to prevent any artificial fractures.

Dissection of the hyoid bone, larynx and
upper trachea
Dissection of the hyoid bone is carried out from the base of the
tongue, exposing the corpus and the cornua majora. The latter
frequently break at the transition point of the corpus with
which they are commonly joined by connecting cartilage. In
many cases, owing to the compact soft tissues, hyoid fractures
cannot be established beyond doubt during the autopsy. The
abnormal mobility of a cornu majus or the corpus would
appear to indicate fractures, whereby ambient soft tissue haemorrhages are frequently present. Injuries to the cornua minora
occur only very rarely as they are flexibly attached to the corpus.
The laryngeal cavity should not be opened during the
autopsy as artefacts may occur as a result of the dissection.
Thus, only sections of the thyroid cartilage of the laryngeal
skeleton may be demonstrated. As a result of trauma to the
neck, the superior cornua are frequently fractured. The surrounding soft tissues can be easily removed using scissors or a
scalpel, therefore fractures can be reliably identified during the

Figure 21.4 Fracture of the right superior cornua of the thyroid
cartilage with haemorrhage (incomplete hanging).

autopsy (Fig. 21.4). More serious fractures of the lamina of
thyroid cartilage can also be determined immediately. Likewise,
soft tissue haemorrhages that are sometimes only found under
the perichondrium can also be easily established. Owing to the
numerous soft tissue connections, which cannot be readily
severed, it is not possible to dissect the inferior cornua and the
cricoid cartilage under autopsy conditions. Haemorrhages in
the posterior cricoarytenoid muscle, known as the posticus,
may be registered if the oesophagus is dissected laterally at the
posterior wall of the larynx. These haemorrhages are rarely
found in deaths by hanging; they occur more frequently in cases
of ligature strangulation, manual strangulation and other blunt
trauma to the neck. Below the cricoid cartilage, only the posterior membrane of the trachea is opened lengthwise to examine
the interior of the trachea. To prevent artificial fractures, no
further manipulation of the neck package may be carried out.
Together with the connecting soft tissue, the hyoid bone, the
larynx and the upper 4 cm of the trachea with four to five cartilaginous rings are preserved in toto in a 1–2% formalin solution. Fine dissection is only performed after fixation.

Anterior vertebral muscles
Once the organs of the neck have been removed, the anterior
vertebral muscles are exposed, directly in front of and on each
side of the spinal column. Injuries to this musculature (e.g.
in the scalene muscles and in the longus capitis muscle) are
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only found in the most severe incidents of neck compression.
The muscles may be incised lengthwise to establish any
haemorrhages.

Nuchal muscles
In cases of neck compression, dissection of the nuchal muscles
is always mandatory where there is reason to suspect external
intervention. Haemorrhages in the nape of the neck may indicate the direction of traumatic violence. It is expedient to
dissect the back of the neck at the end of the autopsy when the
soft neck tissues and organs have already been removed. To this
end, the body is placed in the prone position. A longitudinal
incision is made from the midline occiput, extending over the
spinal processes of the vertebral column. Skin and subcutaneous tissue are dissected laterally until the nuchal muscles are
exposed. Longitudinal incisions are made in the musculature
on both sides of the spinal processes to reveal any haemorrhages deep down.

Back and buttocks
These regions are dissected after the back of the neck. In the
process, contusions and haemorrhages may be found in subcutaneous tissue, intramuscularly and below the fasciae. These
findings are frequently present in prominent areas, particularly
on the shoulder blades and above the spinal processes of the
lower cervical spine and upper thoracic spine, as well as the
lumbosacral region. Occasionally, abrasions and/or haematomas may even be perceptible on the skin in these areas. The
injuries occur on the supine victim due to additional pressure
on the anterior side of the body, for instance as a result of the
perpetrator sitting or kneeling on the victim. A hard surface
increases the incidence of these findings. Known as counterpressure injuries, this type of soft tissue haemorrhage on the
bony prominences of the back are commonly observed in cases
of death by suffocation, but also in other acts of violence, for
example rape.

Arms
Dissection of the skin and muscles of the arms is mandatory in
every case to ensure the identification of haematomas and contusions caused by defensive action or the use of force to restrain
the victim.

Figure 21.5 Dissection technique where the gag is still present
showing transversal incisions extending from both corners of the
mouth.

Photographic documentation should record the various phases
of the dissection (Fig. 21.5).

After the autopsy: fine dissection of hyoid
bone, larynx and upper trachea
The neck organ package, which was retained during the autopsy,
is then fixed in a 1–2% formalin solution for approximately 24
hours. As a result of the fixation, using a small scalpel, the soft
tissues can be removed more easily from the cartilaginous and
bony structures than in the native preparation. Afterwards, it is
possible to observe even those macroscopic fractures and ruptures in the hyoid bone, larynx and trachea that would generally
have been undetectable in the fresh preparation (i.e. during the
autopsy; Maxeiner and Dietz 1986; Mishin 1988). In particular,
injuries to the cricoid cartilage and the upper trachea are relatively difficult to identify during the autopsy. Stereomicroscopic
examination of the cartilaginous and ossified parts are subsequently carried out, which detect approximately twice as many
injuries as the autopsy itself (Eisenmenger and Gazov 2010).
The additional findings may be of significance in assessing the
degree and direction of the traumatic violence. Moreover, the
fine dissection enables those haemorrhages that elude detection
during the autopsy, in the soft tissues but also in the cartilage
and bones, to be evaluated (Fig. 21.6).

Oral cavity and nasopharynx
If a gag is still present, this is left in place at the beginning of
the autopsy. A description of any facial injuries is prepared first.
Hereafter, incisions are made from the corners of the mouth
extending transversally over both cheeks, exposing the oral
cavity and nasopharynx, in order to ascertain the extent of the
gagging. This procedure serves as the basis for determining
whether or not the gag can be considered as the cause of death.

21.1.6 Pathomorphology
Frequent macroscopic findings
External findings
Congestion in the cranial, cervical and upper thoracic
regions In those asphyxiation mechanisms that lead to
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(a)

(b)

Figure 21.6 (a) Fine dissection of the hyoid bone, larynx and upper trachea (manual strangulation) showing fractures of the cornua
majora ossis hyoidei and the superior cornua of the thyroid cartilage (anterior view). Arrow: interior fracture of the cricoid cartilage
(dissection by Dr Gazov). (b) Same patient as in (a) showing the posterior view. Arrows: interior fracture of the left half of the thyroid
cartilage plate; fracture of the cricoid cartilage.

relevant venous congestion in the upper regions of the body,
this is recognisable by the conspicuous intensive bluish or livid
discoloration of the skin. In cases of ligature strangulation or
incomplete hanging, this discoloration is frequently delineated
sharply from the ligature mark downwards.
Petechiae/congestion syndrome Within the congested body
regions, petechiae develop primarily in the capillary networks
of the conjunctivae tarsi, often also in the skin of the eyelids
(Fig. 21.7). In addition, they are relatively common in the
tunica conjunctiva bulbi. In rare cases, petechiae can be found
in the mucous membrane of the cheeks and lips. In cases of
severe compression of the jugular veins and thoracic compression, petechiae also occur in the skin of the face and behind the
ears. Where petechiae are found in different regions of the skin
or in the interior of the body, this is commonly referred to as
congestion syndrome. In rare cases, severe blood congestion
may lead to hyposphagma in the conjuctivae (Fig. 21.8). Moreover, retinal haemorrhages and bleeding from the capillary networks of the nose and eardrum may also occur (Ponsold 1938).
Petechiae are not specific to asphyxiation and can also be
observed in other natural and non-natural causes of death.
According to a study carried out by Rao and Wetli in 1988,
petechial haemorrhages may develop in over 70% of cardiovas-

Figure 21.7 Petechiae in the conjunctiva of the upper eyelid
(incomplete hanging).

cular deaths. For natural deaths, Prokop and Wabnitz (1970)
identified this type of petechiae in frequencies of a maximum
of 7.6%. In rare cases, mild conjunctival petechiae can also be
observed in cases of sudden infant death syndrome (Kleemann
et al. 1995). However, it is undisputed that petechiae in the head
and cervical region are significantly more common in different
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Figure 21.8 Hyposphagma (ligature strangulation).

cases of fatal asphyxiation than in other causes of death.
Petechial haemorrhages are also frequently found in cases of
non-fatal neck and thorax compression. The presence of
petechiae is thus a clear indication for those asphyxiation
mechanisms that lead to relevant venous congestion. Petechial
haemorrhages are particularly pronounced in deaths by manual
or ligature strangulation, thoracic compression (Bschor 1969;
Geserick and Kämpfe 1990), as well as incomplete hanging
(Clément et al. 2011) In some isolated cases, they may even be
markedly developed following forearm choke holds. In incidences of asphyxiation resulting in mild or temporary passive
hyperaemia, individual petechiae are generally found in the
conjunctivae tarsi. These include oronasal occlusions, pulmonary aspiration and the positional asphyxia syndrome. Occasionally, individual petechiae in the conjuctivae are observed
even in cases of complete hanging, evidently because the compression of the neck produces temporary blood pressure fluctuations in the head and neck area, while the arterial pressure
is exceeded due to the interruption in the flow. Even a slip of
the noose at the beginning of the hanging process can be of
relevance for individual petechial haemorrhages. Those mechanisms of asphyxiation in which passive hyperaemia scarcely
features generally do not produce petechiae, or only isolated
haemorrhages. Included here are cases caused by O2 deficiency
in the tidal air in particular. However, complete hanging, oronasal occlusions or pulmonary aspiration can be fatal without
developing petechiae (Geserick and Kämpfe 1990).
When evaluating petechiae, it should be noted whether or
not the decedent suffered from impaired blood coagulation,
which may be accompanied by a susceptibility to haemorrhage.
This tendency may promote the formation of petechiae. Occasionally, these symptoms may occur spontaneously in the
context of a clinical picture. However, in such cases they
would be expected to develop over the entire body, not merely
in those regions in which they are regularly found in cases of
asphyxiation.
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The formation of petechiae is unquestionably a vital occurrence. Nevertheless, only punctiform haemorrhages that are
not located in areas of postmortem lividity may be regarded as
vital petechiae. Punctiform extravasation of blood occurring
within areas of lividity may be caused by postmortem capillary
ruptures as a result of the hypostasis. These are known as
vibices (Walcher 1943). In cases of hanging, vibices are especially common in the hypostasis of the lower limbs where
copious amounts of blood accumulate after death. If the region
of the head and neck or the upper chest are in the livid area, it
is impossible to determine whether punctiform extravasation
of blood within the hypostasis occurred antemortem as
petechiae or postmortem as vibices, or whether both findings
are relevant. This issue is an important factor where bodies are
found in a head-down position. On the one hand, punctiform
extravasation of blood inside the livid area may have occurred
during asphyxiation and intensified after death. On the other
hand, the position of the body may have been the sole cause of
the vibices. On no account may the sole presence of extravasated blood be taken as conclusive evidence of a possible
asphyxiation when a body is found in this position.
Likewise, examination of surviving victims show extreme
variations in the manifestation of petechiae. There would
appear to be no correlation between the occurrence of petechial
haemorrhages and the victims’ reduced state of consciousness.
Cases of severest congestion syndrome have been reported
where the victim has certainly not lost consciousness (Keil
et al. 1991).

Internal findings
Almost without exception, asphyxiation processes with intensive venous congestion produce petechiae below the fasciae of
the temporal muscles, occasionally in the mucous membranes
of the nasopharynx, the larynx and under the epicardium. In
infants and children, the haemorrhages also occur under the
thymus capsule. Haemorrhages may also be found in cervical
lymph nodes (Adebahr and Erkrath 1982). In rare cases,
petechiae can be found under the pleura pulmonalis, where
they accumulate in the fissures between the lobes of the lungs.
Named after the doctor who first described them, these findings
are called Tardieu’s spots (Tardieu 1868). Small patchy punctiform extravasation of blood in the frontoparietal region evidently occurs as artefacts due to peeling back the scalp from the
calvaria (Merkel and Walcher 1936).

General findings
Uncoagulated blood can usually be found in the heart in all
types of asphyxiation. Generally, there is acute hyperaemia of
the internal organs. Furthermore, a more or less pronounced
acute pulmonary emphysema can be observed. This finding
occurs particularly in cases of airway obstruction (e.g. aspiration). The lungs may overlap slightly in the mediastinum and
only subside to a minor degree on opening the thorax. Their
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ability to retract may be suspended. Sometimes only isolated
regions of the lobes are acutely hyperinflated, with the lung
borders being more frequently affected. Some asphyxiation
cases, evidently a frequent occurrence in fatal aspirations,
feature an extensive cerebral oedema with signs of increased
intracranial pressure. A fine, white foam, sometimes streaked
with blood, may adhere to the tracheal and bronchial walls
(Walcher 1943).

minutes, occasionally even after only a few minutes (Maxeiner
1987b). Sigrist (1987) reported on special characteristics of
vital mechanically injured fibres of the neck muscles, to make
a distinction from postmortem injuries. However, the findings
have not attained any great significance in forensic pathological
routine work.

Histological findings

Conventional X-rays have been used for some time in forensic
examinations. For example, fractures of the hyoid bone can be
identified in living victims of manual strangulation (Fineron
et al. 1995). Furthermore, colour-coded duplex sonography,
computed tomography and especially magnetic resonance
imaging are available for the diagnostics of traumatic violence
to the neck. In cases of ligature and manual strangulation and
forearm choke holds, haemorrhages can be ascertained in the
neck structure, the muscles of the larynx, the lymph nodes, in
the pharynx and the larynx (Yen et al. 2007). Lesions of the
carotid artery that are caused by strangulation can also be
established (Meyn et al. 2008). When such findings occur in
living victims of traumatic violence to the neck, they constitute
additional bases for evaluation. The representation of internal
injuries is of particular significance in the absence of petechiae
and in the event no external marks are present on the neck or
where these have since faded at the time of the examination.

Parenchymatous organs
The histological findings are characterised by the familiar
effects of O2 deficiency. Hydropic swelling, ganglion cell necrosis and demyelination foci can be found in the brain. The
Purkinje cells in the cerebellum are often affected first. In
various forms of asphyxiation, acutely emphysematous regions
as well as atelectasis may be detected in the lungs. Virtually all
cases present acute hyperaemia, and ruptures of the alveolar
septa cause focal alveolar haemorrhaging. Alveolar and interstitial oedemas may be observed, the latter particularly perivascular. Alveolar oedemas may be streaked with blood. In cases
of hanging, a pulmonary ‘microembolism syndrome’ was
described (Brinkmann 1978a), which was confirmed in 41% of
cases in later studies (Kleiber et al. 1982). In cases of asphyxiation caused by covering the nose and mouth, the term
‘haemorrhagic-dysoric syndrome’ was established on the basis
of lung histology findings. The syndrome was deemed to be
specific to this form of asphyxiation (Brinkmann et al. 1984).
However, systematic control tests have not confirmed the evidential value. Likewise, findings caused by acute O2 deficiency
can be established in the remaining parenchymatous organs,
which appear as unspecific cell damage. In particular, this concerns vacuolisation of the parenchyma cells of the liver and the
heart. In the kidneys, vacuoles occur in the epithelium of the
proximal straight tubule. Marked signs of O2 deficiency may be
detected in protracted cases of asphyxiation (Doberentz and
Madea 2012).

Local findings
Numerous histological studies have been carried out on ligature
marks, the soft neck tissues and the structures of the larynx.
The question has always been whether or not it is possible to
differentiate between antemortem and postmortem injuries,
and whether or not there is evidence of any period of survival
following trauma to the neck. On the basis of ligature marks in
cases of hanging, an accurate evaluation of their vital nature
was ruled out some time ago (Schulz 1896a, 1896b) and subsequently repeatedly corroborated (Roer and Koopmann 1938).
In the muscles of the larynx, which were examined in cases of
throttling, choking and other blunt trauma to the neck, haemorrhages with distinct leukocytic reactions are considered a
vital sign. They are found in survival periods estimated at 15–30

Radiological findings

Evidential value of the findings
There is no specific macroscopic finding for the diagnosis of
‘asphyxiation’ on the body. An exception to this is when evidence is found of an obstruction in the larynx or the other
airways in cases of aspiration. On occasion, the asphyxiation
diagnosis may also be confirmed on the basis of a massive
congestion syndrome in cases of severe thoracic compression.
This presupposes, however, that the petechiae are not localised
in the areas of hypostasis. In all other asphyxiation mechanisms, the cause of death cannot be proven on the basis of
individual macroscopic findings. Nevertheless, the pattern of
findings may indicate death due to asphyxiation. It should be
noted that, under certain conditions, there may be a complete
absence of findings associated with asphyxiation although this
was certainly the cause of death (Adebahr 1981). In addition to
the issue of absent finding specificity, it must be taken into
consideration that important external and internal findings
occurring in individual mechanisms of asphyxiation may
develop postmortem (Walcher 1935; Kerde and Heuschkel
1971; Reh and Haarhoff 1975). Thus, in such cases, the autopsies generally conclude that cause of death cannot be determined according to anatomical pathology, yet the findings do
not contradict the hypothesis of death by asphyxiation.
Moreover, the histological findings do not present any specificity for asphyxiation. Histological examinations are, however,
indispensable to eliminate concurrent causes of death. In each
case, it is important to consider whether or not the decedent
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suffered from medical conditions like epilepsy or certain heart
diseases that cannot be ascertained morphologically.
Furthermore, toxicological analyses and alcohol tests are
mandatory. In higher doses, narcotics and centrally acting
drugs may play a significant role in deaths resulting from different types of asphyxiation (e.g. positional asphyxia syndrome
or suffocation by means of a soft object). Potential instruments
of asphyxiation, the circumstances of the finding of the body,
evidence at the crime scene, witnesses’ testimony and the statement of the accused should all be taken into account.
Thus, in most cases, ‘asphyxiation’ as the cause of death
constitutes a diagnosis by exclusion that is based on probability.
Generally, it cannot be made solely on the basis of forensic
pathological findings.

21.1.7 Strangulation
Hanging
Definition
Hanging is a fatal compression of the neck by means of a ligature that is constricted by the weight of the body.

Frequency/occurrence
Hanging is one of the most common methods of suicide worldwide and is particularly favoured by men. Accidents are comparatively rare (Bowen 1982) and primarily involve incidents
of autoerotic asphyxiation. Near-hanging to enhance sexual
stimulation is evidently almost always practised by men (Sauvageau et al. 2011). Accidents in which subjects fall or slip from
a height and find themselves in a hanging position from which
they are unable to escape by their own efforts are extremely rare
(Olbrycht 1963; Berzlanovich et al. 2007). For example, there
have been cases of small children falling onto low, taut ropes
resulting in death by hanging (Flobecker et al. 1993). Extremely
rare cases have been reported of homicidal hangings as foul
play (Böhmer 1940; DiMaio 2000). In some countries, hanging
is still a method of execution. In a very small number of cases,
the victim was killed by another method and strung up in a
hanging position to simulate a suicide for the purpose of concealing the crime.

Strangulation devices
Ligature materials with a circular cross-section are mostly used.
The diameter varies from shoelaces to a rope. Cords made of
rubber, cables and wires are also used. Ligatures that do not
have a circular cross-section include belts, straps or, more
rarely, even chains. These types of object may produce characteristic indentations within the mark of the ligature. Occasionally, hanging is carried out using items of clothing, bed linen
or towels. In exceptional cases, death by hanging may even
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occur on hard objects; cases of hanging have been reported in
forked branches, on chair backs, hospital bed boards and on the
edges of wash basins and toilets (Berzlanovich et al. 2012)
The conventional ligature is usually tied into a noose, which
is passed once or twice, more rarely in multiple loops, around
the neck. Where the noose is passed completely round the neck,
this is referred to as a ‘closed noose’, while a noose with a slipknot that binds tighter when the rope is pulled is known as a
‘running noose’. An ‘open noose’ does not completely encircle
the neck. It does not even have to be wound around the neck.
The latter is found, for example, in cases of hanging on taut
ropes, fixed shower hoses or bicycle helmets (Kuntz et al. 2008).
In these instances, the strangulation device only constricts the
region located directly beneath the chin and/or the front and
lateral areas of the neck.

Classification of the circumstances
Essentially, there are two distinct situations in which the body
may be found.
Incomplete hanging The body is suspended but has some
form of contact to the ground or the object from which the
hanging took place, usually with the feet, more rarely with other
parts of the body (Fig. 21.9). As a result, only part of the body
weight is pressing on the neck region. Therefore, this hanging
position is also referred to as ‘partial suspension’. Where the feet
are still just touching the floor, it is common to find a climbing
aid next to the body, like a stool, used to facilitate the hanging.
Occasionally, victims are also found in other positions, including sitting, crouching, kneeling or lying down. In approximately
70% of all suicides by hanging, the body has direct contact of
some kind with the surface below (Laiho et al. 1968). This very
common position is known as ‘atypical hanging’ (Merkel and
Walcher 1951). However, there is no standardised definition of
the term ‘atypical hanging’. Some authors describe the position
as ‘atypical’ when the knot is not placed centrally in the nape
of the neck (Simonsen 1988). Since the constriction of the neck
by the body weight is a crucial aspect in the development of the
morphological findings, the term ‘incomplete hanging’ would
appear to be more appropriate than ‘atypical hanging’.
Complete hanging There is no contact between the feet and
the floor, in other words, full suspension is achieved (Fig.
21.10). In suicide hanging, a climbing aid will always be found
in the immediate vicinity of the deceased, otherwise there can
be no explanation for the free suspension. In extremely rare
cases a machine may be used, e.g. a crane, with which the
suicide hoists himself up to achieve full suspension. Cases of
complete hanging are comparatively rare. In special publications, complete hanging is referred to as ‘typical hanging’. Furthermore, individual authors stipulate that, for ‘typical hanging’,
the ligature must be knotted centrally at the nape of the neck
or at any rate behind the ears (Plattner et al. 2004). In practice,
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(a)

(b)

Figure 21.9 (a) Incomplete hanging – suicide. (b) Same patient as in (a). The highest point of the ligature is located on the left of
the nape.

it is irrelevant whether the knot is located in the middle or
on the side behind the ears, since the more lateral position
evidently only serves to promote the formation of petechiae
(Kleiber et al. 1982).
A distinction should be drawn in isolated cases in the ‘complete hanging’ category where the individuals plunge or leap
from a height with the noose around their necks. A long drop
is used in executions, known as judicial hangings, when the
condemned prisoner falls down through a trap door and then
hangs freely. In drops of more than 1 m into the tightening
noose, fractures of the second cervical vertebra are common in
adults. There have been several reports of suicides plunging
from a height with the noose around their necks. Depending
on the height of the drop, the body weight and the elasticity of
the ligature material, this can result in decapitation (Pankratz
et al. 1986; Matschke et al. 1999).

Pathomorphology

Figure 21.10 Complete hanging – suicide, with free suspension.
The highest point of the ligature is located centrally in the nape
of the neck.

External findings
1. Petechiae/congestion syndrome: complete hanging frequently does not result in petechiae (Fig. 21.11). In some
cases, they may merely be present in the conjunctiva and/
or in the skin of the eyelids. By contrast, in incomplete
hanging, numerous petechiae are generally found spread
over the entire eye area. Where the constricting force is only
a small proportion of the body weight, this may lead to
congestion syndrome; as a result, petechiae may also occur
in the oral mucosa, in the skin of the face and behind the
ears. In extreme cases, the congestion syndrome produced
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Figure 21.11 Complete hanging – suicide, with no petechiae and
no congestion.

by incomplete hanging may resemble the appearance of a
ligature strangulation (Bollinger 1889); thus, a differentiation is problematic at best or may even prove impossible
(Fig. 21.12). The petechiae are always delineated sharply
from the ligature furrow downwards.
2. Ligature mark: this develops as a result of abrasion or
compression of the skin by the strangulation device, which
usually has a rough surface. In many cases, some sections
of the mark bear an imprint of the structure of the ligature
(Fig. 21.13). Shortly after death, the mark is mostly visible
as a pale furrow on the skin’s surface. With time, the furrow
dries out, taking on a brownish hue like other skin abrasions. As abrasions and desiccations may develop postmortem, the ligature mark in itself does not constitute a
criterion for vital hanging (Schulz 1896a; Merkel and
Walcher 1936). In cases where the surface of the ligature is
very smooth (e.g. a plastic-coated cable), the abrasive effect
will be minimal and the mark may remain visible as a pale
strip of skin or furrow for some time after death. If a large
amount of material is used or if soft padding is placed
under the noose, the ligature mark may merely be an
impression of the folds of the cloth, or there may be no
mark at all. The various ligature marks in deaths by hanging
rarely present associated soft tissue haematomas (Laiho
et al. 1968).
In suicide hangings, the marks usually run horizontally
above or around the thyroid cartilage; in cases of suicidal
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Figure 21.12 Incomplete hanging – suicide, showing congestion
syndrome above the ligature mark.

Figure 21.13 Ligature mark with the imprint of a belt buckle
(incomplete hanging using a belt).

complete hanging, the figure is even more than 70% (Laiho
et al. 1968).
Where the ligature encircles the neck, it will be possible
to establish or reconstruct the highest point in nearly every
case. In closed nooses, the highest point, also known as the
point of suspension, is mostly at the site of the knot. In
order to determine the highest point, it may be advantageous to measure the distance between the mark and the
lower edge of the auricles. There may be no highest point
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in hanging deaths in a horizontal position. Very often, the
ligature furrow is most prominent opposite the point of
suspension.
If the noose slips upwards during the hanging, this may
cause several parallel markings and broad abrasion zones
that slope upwards.
A band of red skin, observed occasionally above the
ligature furrow only, is an incontrovertible postmortem
finding. This is a result of the blood draining from the head
and pooling around the ligature. This phenomenon occurs
notably in bodies that have remained undiscovered for
some time (Merkel and Walcher 1936). In approximately a
third of all cases, especially where the ligature is looped
once around the neck, a continuous ‘dual hyperaemia zone’
may be observed directly above and below the ligature
mark, which may possibly not develop postmortem
(Kleiber et al. 1982).
3. Bleeding in skin ridges: where a ligature is wound twice or
more around the neck, overlapping folds of skin may be
caught between the individual loops, known as skin ridges.
Fine red lines frequently develop in these skin ridges and
are caused by extravasated blood. These are referred to as
bleeding in the skin ridges (Fig. 21.14). It was established
some time ago that this is not a vital phenomenon (Schulz
1896a), since the blood may also be forced out of the upper
section of the skin folds in a continuous line as a result of
postmortem tightening of the ligature. Hypostasis may
intensify development of this phenomenon.
4. Skin blisters: occasionally, blisters filled with serous fluid
may form in the interior and the periphery of ligature
marks. It has long been established that this is a postmortem phenomenon (Schulz 1896a, 1896b).
5. Tracks of dried saliva: excessive salivation caused by hanging
(Kalle 1933) sometimes produces dried saliva tracks in the
mouth region. In some cases, the saliva drips down onto
the clothing and dries. Saliva tracks may also be observed

Figure 21.14 Extravasation in the skin ridge between two
ligature marks (incomplete hanging with an electric cable).

6.

7.

8.

9.

in other causes of death where the torso of the decedent
was in an upright position. This finding may also occur
where bodies are placed in a hanging position. Therefore,
this is neither a vital sign nor is it specific to deaths by
hanging (Merkel and Walcher 1936; Kerde and Heuschkel
1971).
Protrusion of the tongue: where the ligature passes above
the larynx, the hyoid bone is pushed obliquely backwards,
together with the base of the tongue, resting against the
posterior wall of the pharynx. This leads to an obstruction
of the airways. The tongue is then frequently pushed
forward in the open mouth, protruding between the two
rows of teeth. It has long been known that this finding does
not represent a vital sign (Merkel and Walcher 1936).
Indication of a self-rescue attempt: in rare cases, victims
are found with fingers trapped between the noose and the
neck. This is sometimes construed as a self-rescue attempt.
However, given the loss of consciousness that hanging
causes after just a few seconds, the option of self-rescue
is highly unlikely, thus alternative interpretations should
also be considered here. Therefore, this finding should not
be accorded any relevant significance in evaluating the
circumstances.
Abrasions in various regions of the body: these are caused
by the victim knocking into objects during the hanging
process. The injuries may be expected to occur specifically
during the convulsion stage. For the most part, the abrasions do not exhibit a surrounding haematoma. They
cannot be distinguished from abrasions that may have been
caused by cutting down or transporting the body.
Decapitation: thin, strong ligature materials like plastic
cables or wires contribute to this rare occurrence. In cases
of incomplete decapitation, the skin of the neck may not
tear apart while the internal structures are completely lacerated. In complete decapitation, the edge of the wound
is predominantly clean cut similar to sharp force trauma.
There may be an abrasive collar around the margins (Pankratz et al. 1986).

Internal findings
1. Fractures of the larynx and hyoid bone: numerous studies
have been carried out on the frequency of these fractures,
with highly diverse results and inadequate comparability
(Brinkmann 2004). Firstly, the discrepancies are due to the
predominantly retrospective, and rarely prospective, nature
of the examinations. Secondly, the dissection techniques
were not consistent. Occasionally, fine dissection was performed after the autopsy. In some cases, distinctions were
made between complete and incomplete hanging, yet not
in others.
It is an undisputed fact that thorough dissection will
identify fractures to the superior cornua of the thyroid
cartilage in up to 55% of cases. By contrast, the cornua
majora of the hyoid bone are only fractured in a maximum
of 42%. The thyroid cartilage laminae and cricoid cartilage
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are each affected in less than 10% of cases (Khokhlov
1997). Usually only one superior cornu of the thyroid
cartilage is fractured. Fractures of both superior cornua of
the thyroid cartilage represent the commonest combined
injury. The fractures are rarer in adolescents than in the
elderly, where the originally cartilaginous structures are
frequently ossified (Laiho et al. 1968; Kleiber et al. 1982).
Haemorrhages around the laryngeal and hyoid fractures
are frequently scarce or even non-existent. This is evidently
due to the severe compression of the blood vessels brought
about by strangulation. Only in cases where pronounced
haemorrhages can be ascertained may the fractures be
taken to have developed antemortem. Postmortem experiments produced isolated fractures with concurrent extravasation, which were evidently indistinguishable from vital
haemorrhages (Kerde and Heuschkel 1971).
The evaluation must take into account the fact that fractures may also be caused by emergency intubation. It is
usually not possible to differentiate between pre-existing
lesions and injuries caused by resuscitation measures
(Peschel et al. 1995).
2. Petechiae: particularly in incomplete hanging, petechiae
may be established under the fasciae of the musculi temporales, occasionally also in the hyoid area.
3. Haemorrhages in the origins of the sternocleidomastoid
muscles: the haemorrhages are mostly to be found on the
clavicles, more rarely on the manubrium sterni. They may
be present on one or both sides and can be up to several
centimetres in length. They are mostly more acutely pronounced on the side on which the ligature’s highest point
is located. Dissection of the clavicular periosteum will
detect haemorrhaging in up to 96% of cases of complete
and incomplete hanging (Keil et al. 1995). If the tendons at
the origin of the sternocleidomastoid muscles are simply
detached and no dissection of the periosteum is performed,
the haemorrhage detection rate is significantly reduced
(Laiho et al. 1968; Kleiber et al.1982; Könczöl 1990).
Haemorrhages are a typical finding in death by hanging;
only rarely are they observed in low intensity in other
causes of death (Keil et al. 1995). They are attributed to the
impact of the forces applied to the neck during hanging
(e.g. a wrenching mechanism). However, as early as 1935,
Walcher recognised that it is possible to produce similar
extravasations postmortem. This finding was subsequently
corroborated in experiments, which concluded that ex
travasation could still be produced on the clavicles and
sternum from 2 to 6 days after death. In these experiments,
the subjects, whose cause of death was not hanging, were
placed in complete hanging positions, some for a mere 10
minutes (Kerde and Heuschkel 1971). Thus, determining
the origin of the haemorrhages is of limited value in determining death by hanging.
4. Intimal tears of the common carotid artery: in less than
20% of cases, uni- or bilateral transverse intimal tears can
be observed, which are predominantly located slightly
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below the carotid bifurcation (Lesser 1881; Laiho et al.
1968). The tears may be minimally extravasated. The
finding is mostly attributed to the extreme tensile loading
on the neck. On very rare occasions, the tears also occur in
a longitudinal direction. The finding does not represent a
vital sign (Walcher 1935).
5. Other injuries to the soft tissues of the neck: haemorrhages
in the subcutaneous tissue, the other neck muscles or the
laryngeal mucous membrane are infrequent. In up to 34%
of cases, extravasations were found in the muscles of the
larynx. The ligature furrow itself exhibits minimal perfusion (Walcher 1935; Merkel and Walcher 1936; Laiho
et al. 1968). Isolated haemorrhages can be ascertained
behind the pharynx and in the prevertebral tissue. In addition, haemorrhages may occasionally occur in the nuchal
muscles, evidently caused by the wrench to the neck. Thorough dissection of the larynx will enable haemorrhages in
the capsules or the spaces of the cricoarytenoid articulation
and the cricothyroid articulation to be demonstrated. In
the course of systematic studies, these haemorrhages were
recorded in less than half of all cases (Kleiber et al. 1982).
In extreme incidences of trauma, as in falls from a height
with the noose around the neck, ruptures of the fasciae and
the neck muscles may be observed. Associated haemorrhages are usually only minimal or non-existent (Pankratz
et al. 1986).
6. Haemorrhages on the front of the intervertebral discs:
these are fine streaks of haemorrhages, predominantly
found on the ventral surfaces of the intervertebral discs of
the lumbar spine (Fig. 21.15). First described by Simon in
1968, these are also called Simon’s bleedings. They are occasionally present in the upper sections of the spinal column.
In adolescents and young adults, the finding may be of
extremely high intensity, particularly in complete hanging.
The haemorrhages can be found in over 40% of all deaths
by hanging (Geserick et al. 1976; Kleiber et al.1982). The
causative mechanism would appear to be a combination of
the traction and spasms produced by hanging. In particular, these intervertebral haemorrhages also occur as a result
of intensive blunt force trauma with hyperextension and/
or hyperflexion of the spinal column (e.g. in road traffic
accidents). Where putrefaction is established, the finding
may be simulated due to haemolysis (Geserick et al. 1976;
Braun and Tsokos 2006). Postmortem suspension did not
produce comparable extravasation (Kerde and Heuschkel
1971). More recently, Simon’s bleedings are deemed to be
a vital sign in death by hanging if the other eventualities
mentioned above can be ruled out.
7. Fractures of the cervical spine: this type of injury is only
observed in exceptional cases of suicide hangings. Fractures
of the first to third cervical vertebrae usually only occur
after a fall or jump from a certain height with the noose
around the neck (Olbrycht 1963; James and NasmythJones 1992). This may result in a fracture of the dens epistrophei with a compression of the cervical medulla. A
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only rest upon several findings characteristic of hanging, and
not merely on a single finding. The pattern of findings should
be considered in the context of the overall circumstances. Furthermore, the inner sides of both arms should always be dissected to eliminate the presence of any haematomas due to
finger marks. As a general rule, where the remains are in an
advanced stage of putrefaction, it is not possible to rule out
definitively any external intervention. Toxicological examinations are essential for the evaluation. If there are no inconsistent
findings, the hypothesis of suicide may be assumed based on
the forensic evidence. In rare cases, the conclusion that it is
indeed suicide is supported by the evidence of recent selfinflicted injuries like practice slashes on the wrists.
In isolated cases, a suicide hanging may be unsuccessful (e.g.
due to the ligature breaking). The suicide may remain capable
of action and even leave the scene, with death not occurring
until some time later, in some cases as a result of a second
suicidal event (Holczabek 1964; Fechner et al. 1990). The circumstances of the death subsequently give rise to suspicions of
external intervention. Evaluation of such cases is only possible
on the basis of the medical and toxicological findings, the
results of the reconstructions and the police investigation.
Figure 21.15 Haemorrhages on the front of the intervertebral
discs of the lumbar spine (incomplete hanging).

fracture of both pedicles or pars interarticularis of the axis
vertebra is usually referred to as a hangman’s fracture. Such
fractures are caused by hyperextension in combination
with distraction. They are typically found in judicial hangings, where the knot of the noose was placed under the chin
and the body was dropped (Wood-Jones 1913). This can
lead to an avulsion of the spinal cord from the medulla
oblongata. Where the trauma to the neck is not particularly
intense, the victim may survive the hanging because the
vertebral canal expands due to the fracture of the second
cervical vertebra, leading to a decompression of the spinal
cord. The anatomical conditions are such that fractures of
the second cervical vertebra are not easy to diagnose during
autopsy. A computed tomography carried out prior to the
autopsy facilitates the diagnostic investigation.
Fractures of the lower cervical and upper thoracic spine
represent an anomaly in deaths by hanging, and are a consequence of pre-existing conditions (Petersen 1982).
General findings See Section 21.1.6.

Differentiation between suicide, homicide
and accident
Suicide It must be evaluated whether or not there are any
grounds to indicate foul play. The ligature submitted must be
adequate to account for the ligature mark and any other abrasions on the neck. The assessment of vitality in hanging may

Homicide Where the hanging was the sole intent of foul play,
the body of the unsuspecting victim bears very little evidence
of a struggle. Consequently, the constellation of findings could
also be attributed to suicide. Such cases are, however, almost
unheard of. As a rule, they involve defenceless victims like small
children, the infirm or the elderly. In addition, victims of such
homicides may also include people who, owing to intoxication,
are largely or wholly incapacitated. Defenceless victims may be
pulled up using the ligature or alternately pushed from a height
with the noose around their neck (Böhmer 1940).
Occasionally, foul play may lead to death by hanging where
previous trauma did not prove fatal. The additional injuries
that are not characteristic of hanging will usually cause external
intervention to be suspected. Nevertheless, doubts may arise,
particularly if the primary trauma was directed towards the
neck. It may prove difficult or even impossible to differentiate
between previous trauma and subsequent findings from death
by hanging. The presence of relevant haemorrhages in the soft
tissues of the neck, which are hardly ever found in cases of
hanging, is invariably an indication of additional trauma to the
neck. Fine dissection may yield additional evidence of this. For
example, injuries to the cricoid cartilage and the upper trachea
are a constellation of findings that is rarely observed in deaths
by hanging.
Finally, a few extremely rare cases have been reported of the
hanging of victims who had previously been killed by a different method, in order to simulate suicide. The actual cause of
death may be ligature strangulation or intoxication, for instance.
Admittedly, the postmortem injuries to the neck may closely
resemble the few vital findings that are characteristic of hanging
(Kerde and Heuschkel 1971). An assessment of vitality may well
prove impossible in such cases. Where traces of further trauma
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are discernible, for example an additional ligature furrow or
manual strangulation marks on the neck, these may be evidence
of the previous homicide. Attention should be paid to injuries
that could not have been caused by the body knocking into
objects during the hanging process (e.g. finger marks and transportation injuries).
Furthermore, the circumstances at the scene of death must
be taken into consideration. Congestion syndrome would be
inconsistent in cases of complete hanging, therefore a previous
throttling incident must be considered. If no petechiae have
developed in cases of incomplete hanging, this also represents
an abnormality. Moreover, it should be noted that incomplete
hanging and ligature strangulation may result in extremely
similar patterns of finding. If no differentiation is possible, the
police and public prosecutor must be notified. The final evaluation of such cases may only be carried out once all the facts
are known, paying particular attention to the results of the
chemical and toxicological tests.

that, in cases of autoerotic activity, mechanisms that facilitate
near-hanging are generally deployed (e.g. in the form of coil
springs or elastic bands as part of the ligature).
Other accidents caused by hanging that may occur at random
in everyday situations are extremely rare. These usually involve
a fall resulting in an incomplete hanging situation; even accidental complete hanging has been known. Corresponding fallrelated injuries may be present on other parts of the body apart
from the neck. Strangulation is effected by means of ligature
materials that function like an open noose. On occasion, the
strangulation device may be a hard object like a board, beams,
forked branches and the edges of wash basins. These objects
may cause extensive ligature abrasions. Such accidents involve
people who are unable to free themselves, especially infants and
small children. In isolated cases, fatal hangings occur in children’s playgrounds where nets are stretched over the climbing
frames. In the event of a fall, the head or a bicycle helmet strap
may get caught in the net, leading to death by hanging (Kuntz
et al. 2008). In rare cases, comparable accidents involving adults
have been recorded (Olbrycht 1963). Accidental hangings also
occur in nursing, including geriatric nursing, where strap
restraints are not affixed correctly and the patient falls out of
bed. The victim is later discovered hanging from the bed with
the strap around his or her neck. To avoid the danger of strangulation, special regulations have been set up regarding the use
of strap restraints. The autopsy may detect very few signs of
injury in such cases (Fig. 21.16), therefore the cause of death
may only be determined following a reconstruction of the event
(Berzlanovich et al. 2007; Keil et al. 2011).

Accident Accidental hangings are extremely rare. Most accidents occur in near-hangings intended to enhance sexual stimulation, which can be considered a paraphilia (Bowen 1982;
Sauvageau et al. 2011). Accidental deaths can usually be deduced
from the circumstances, including any clothing and accessories
used, along with other characteristics that serve to indicate a
sexual context. Occasionally, subjects may record videos or take
photographs of their sexual practices. If there is no conclusive
indication of a sexual context, it may be difficult or even impossible to define the boundaries of the suicide. It should be noted

(a)

(b)

(c)

Figure 21.16 (a) The patient had fallen out of bed while restrained using an abdominal strap although the sequence of events was
initially unclear. An abrasion can be seen under the lower jaw, with a small wound under the larynx (both on the right). (b) Same patient
as in (a), showing patchy and linear haematomas under the left armpit. (c) Reconstruction of events and the scene of death by a
stuntman. The cause of death was incomplete hanging.
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Ligature strangulation
Definition
Ligature strangulation is a fatal compression of the neck by
means of a strangulation device, which is usually tightened
using the hands, or in rare cases, by a machine.

Frequency/occurrence
Relatively few cases of death by ligature strangulation are
recorded. The majority of cases are due to foul play. Evidence
of ligature strangulation is frequently detected in conjunction
with other traumatic violence like manual strangulation and
blows (Häkkänen 2007). Thereby, ligature strangulation may be
either the eventual or a concurrent cause of death. Evidence of
ligature strangulation on the decedent may only constitute a
secondary finding. The number of non-fatal ligature strangulations due to foul play is estimated to be comparatively high.
Suicidal or accidental ligature strangulation is rare.

Strangulation devices
The basic characteristics of the strangulation devices deployed
in ligature strangulation are essentially the same as those used
in hanging. In rare cases, the victim’s necklace is used as a ligature. One case of ligature strangulation using hair extensions
has been reported (Al Beraiki et al. 2011). Occasionally, items
of clothing worn around the victim’s neck are used as ligatures.
In suicide by ligature strangulation, rubber bands and other
elastic materials are also used. Strangling mechanisms may be
wound once or more around the neck. Ligature strangulation
by means of hard objects like metal loops or iron bars is termed
garrotting. The word comes from the French word ‘garrotte’,
meaning a metal device used to compress the neck.

Classification of the circumstances
In fatal attacks entailing ligature strangulation alone, it is usual
to find no signs of a struggle in the vicinity of the victim. It
should be noted that cases of ligature strangulation involve
victims who are asleep, defenceless or significantly inferior in
terms of physical strength. By contrast, signs of a struggle are
generally to be expected where ligature strangulation was the
final act in a multi-phase incident. In isolated cases, the perpetrators attempt to simulate a suicide after strangulation. To do
so, the victim is suspended, for example, or a plastic bag placed
over his or her head and tied around the neck over the ligature
mark. The circumstances at the scene of a suicidal ligature
strangulation may not differ from that involving a third party.
Although extremely rare, accidents mainly occur when an item
of clothing worn on the neck or shoulders of the victim gets
caught in engine-driven machine parts (e.g. in escalators or
conveyor belts).

Figure 21.17 Ligature strangulation – homicide, showing
intensive congestion syndrome above the ligature mark and
bleeding from the nose due to congestion.

Pathomorphology
External findings
1. Petechiae/congestion syndrome: a congestion syndrome
usually develops in both fatal and non-fatal ligature strangulation. It is generally more intense than in other forms
of strangulation (Maxeiner 1997) because the strength
applied by the hands and arms in tightening the ligature
merely leads to a compression of the veins, at least in adult
victims. Even if the arteriae carotides are compressed, the
arteriae vertebrales appear to remain open in many cases.
The congestion develops above the ligature mark (Fig.
21.17). The petechiae occasionally merge in the skin, creating small haemorrhagic areas. It is not uncommon to find
hyposphagma or, in some cases, bleeding from the nose,
more rarely from the ears (Haarhoff 1971). A comparable
intensity of congestion is only observed in exceptional cases
of incomplete hanging. The face becomes cyanotic due to
the rapid deoxygenation of the haemoglobin in the process
of the strangulation. Frequently, a swelling of the face may
be observed when serum is pressed into the soft tissues as
a result of the stasis. A few notable exceptions are when
great force is applied to strangle newborns, infants or small
children. Since this enables the simultaneous compression
of all neck arteries, only minimal congestion syndrome
may develop, if any (Haarhoff 1971; Maxeiner 1997). If,
during an attack, initial sharp or blunt force trauma results
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in open wounds in the head and neck area, any subsequent
ligature strangulation will not produce intensive congestion while the wounds are bleeding; thus, very few petechial
haemorrhages will develop (Adebahr 1981).
2. Ligature mark: like the mark produced in death by hanging,
this is caused by the abrasion of the ligature on the skin. If
the ligature is a wide band of cloth with a smooth surface,
the lesion of the stratum corneum may be so minimal that
no mark is discernible. Non-fatal ligature strangulations
may simply leave a reddish hyperaemia on the skin of the
neck; there may be no ligature mark at all. In the majority
of cases, the ligature furrow runs horizontally around the
neck (i.e. no highest point can be established or reconstructed) (Haarhoff 1971). Exceptions to this are when a
person is strangled while sitting or lying down and the
perpetrator is standing over the victim. Slanting ligature
marks exhibiting a highest point may be observed in cases
where there is a large difference in height between the
victim and the perpetrator (e.g. between adults and children). Where the ligature mark shows an upwards deviation, it is important to remember that the tension on the
neck may result in a partial hanging mechanism. In turn,
this may cause abrasions on the neck due to the ligature
slipping upwards. The ligature mark is not a vital sign.
However, on occasion there may be ambient haematomas,
which are indications of the vital character (Haarhoff
1971).
Internal findings
1. Fractures of the larynx and hyoid bone: as with other strangulation mechanisms, the proportion of fractures detected
depends on the dissection technique. Haarhoff (1971) was
unable to verify fractures to the larynx or hyoid bone in 40
autopsies of fatal ligature strangulation. Koops et al. (1982)
identified fractures to the larynx or the hyoid bone in 66%
of cases of homicidal ligature strangulation. In his autopsies, Maxeiner (1990) established fractures in around 43%
of cases following fine dissection of the larynx. Bilateral
fractures to the superior cornua of the thyroid cartilage was
by far the most frequent finding. Cricoid cartilage fractures
are extremely uncommon. In rare cases, the hyoid bone is
also fractured. Due to intensive congestion syndrome, the
fractures are generally a great deal more perfused than in
death by hanging. By contrast, haemorrhaging in the joints
of the larynx was determined in less than 10% of cases
(Maxeiner 1987a).
2. Petechiae/congestion syndrome: petechiae occur mostly in
the scalp, under the fasciae of the musculi temporales (Fig.
21.18) and under the pleura pulmonalis.
3. Haemorrhages in the neck structures: in approximately
half of all cases, soft tissue haemorrhages are established
that correspond to the furrow of the ligature. The haemorrhages are located in the subcutaneous tissue, under the
muscle fasciae and in the musculature itself (Martineck
1898; Haarhoff 1971). They are usually less intensive in the
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Figure 21.18 Ligature strangulation – homicide, showing
petechiae under the fascia of the left musculus temporalis.

4.

5.

6.

7.

nape than at the front and lateral areas of the neck. There
is substantial bleeding in the soft tissues of the larynx and
particularly in the posterior cricoarytenoid muscle.
Haemorrhages in the origins of the sternocleidomastoid
muscles: this finding is infrequently observed, notably in
cases where tension has been applied to the neck during
strangulation. Therefore, where the ligature mark slants
upwards, it is imperative that any origin haemorrhages be
taken into consideration.
Tongue haemorrhages: with its multitude of separate veins,
the tongue is located in the anatomical vicinity of the venae
jugulares internae. Thus, congestion in the head and
neck areas inevitably causes haemorrhaging of the tongue.
Firstly, submucosal haemorrhages, a common occurrence
as part of congestion syndrome, are almost invariably
located at the base of the tongue. Secondly, very intensive
haemorrhaging often develops intramuscularly. The horizontal cross-section of the tongue discloses linear streaks,
occurring mainly in the middle and posterior third (Fig.
21.19). These intramuscular haemorrhages are known as
‘apoplexy of the tongue’.
Formation of foam in the airways: occasionally, a fine white
foam may adhere to the laryngeal, tracheal and bronchial
walls, which may be streaked with blood (Martineck 1898).
The foam evidently accumulates from bronchial secretion
and tidal air during dyspnoea. This is possible because,
although the larynx is compressed during ligature strangulation, it is not completely closed in most cases. In this
regard, perpetrators occasionally report inspiratory stridor
of the victim during ligature strangulation.
Acute pulmonary emphysema: observed occasionally, this
finding is a result of the increase in respiratory resistance
during the compression of the airways.

General findings See Section 21.1.6.
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Maxeiner 1990). This normally results in injuries that are
inconsistent with the hypothesis of suicide and thus are clear
evidence of foul play. Remarkably, one case of iatrogenic ligature strangulation has been reported (Heide et al. 2004).
Accident The circumstances are usually a clear indication of
the accidental nature of such infrequent events. In exceptional
cases, accidents may also happen as a result of unusual sexual
practices. For example, where bondage involves tying a person’s
bent legs and neck together using physical restraints while in a
lying position, the tension on the neck can lead to accidental
self-strangulation.

Manual strangulation
Definition
Manual strangulation is a fatal compression of the neck caused
by applying direct pressure of the hands.

Frequency/occurrence
Figure 21.19 Ligature strangulation – homicide, showing
intensive haemorrhages in the middle and posterior third of the
tongue.

Differentiation between suicide, homicide
and accident
Suicide The strangulation device is still in place. The suicide
generally winds it around the neck several times. On occasion,
the ligature is knotted at the front of the neck. Sometimes suicides insert objects under the loops to increase the compression
pressure. In rare cases, one end of the rope is tied to a higher
point and the other wound around the neck so that suicide by
ligature strangulation may end in death by hanging. If clear
congestion syndrome is present, there can generally be no
doubt as regards the vitality of the events. The hypothesis that
states that laryngeal and hyoid fractures are less common
in suicidal than homicidal ligature strangulation is evidently
unsubstantiated; therefore, it is irrelevant in evaluating individual cases (Maxeiner 1990). As regards the possibility of
external intervention, the principles laid down for the evaluation of suicide hangings also apply here (see Section 21.1.7).
Homicide In many cases, the perpetrators remove the ligature
from the victim’s neck after death. A single loop of the strangulation ligature is very common in homicides. Where the ligature is knotted at the back of the neck, foul play must be
suspected. In many cases, external intervention is immediately
evident because fatal and non-fatal ligature strangulation frequently involves other traumatic violence (Haarhoff 1971;

Fatal cases of manual strangulation are rarely encountered in
forensic pathology practice. Several studies indicate that deaths
by manual strangulation may be slightly more common than
by ligature strangulation (Haarhoff 1971; Maxeiner 1990).
According to investigations by DiMaio (2000), victims are more
likely to be female than male. Manual strangulation invariably
represents external intervention and is often observed in
conjunction with other traumatic violence (Häkkänen 2007).
Where a multi-phase incident entails varying types of violence,
manual strangulation may be either the actual or a concurrent
cause of death. In some cases, evidence of manual strangulation
may constitute a secondary finding, with the attack, which the
victim survived for a certain period of time, occurring prior to
the actual homicide. Non-fatal cases of manual strangulation
are observed relatively frequently, some in association with
sexual offences. It is important to bear in mind that death by
manual strangulation may occur as a result of sadomasochistic
sexual practices (Häkkänen 2007).

Classification of the circumstances
In the event of defensive action where the perpetrator and
victim are evenly matched in terms of physical strength, the
strangulation process may last for some time until death eventually occurs. Accordingly, the homicide scene may provide
indications of a struggle. The perpetrator often uses one hand
to combat resistance or immobilise the victim, while squeezing
the throat with the other hand. In some cases, the perpetrator
ultimately kneels or sits on the victim to hold them down in
order to complete the strangulation process. Occasionally the
victim is found in this final position.
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Pathomorphology
External findings
1. Petechiae/congestion syndrome: acute congestion develops
to a greater or lesser extent, depending on the variation
of neck holds, in the head and neck area. Congestion
syndrome occurs in most cases as the compression of the
venae jugulares with simultaneous arterial supply interrupts venous drainage, if only temporarily. Congestion syndrome is generally less intensive in fatal manual strangulation
than in ligature strangulation (Maxeiner 1997), haemorrhages from the nose and ears are hardly ever observed.
However, when comparing cases of death by manual and
ligature strangulation, Haarhoff (1971) found no relevant
differences in the location and intensity of petechial haemorrhages. Especially when the larynx and the trachea are
compressed during manual strangulation, the resulting
hypoventilation may be the determining factor for the
onset of death. Thus, the congestion is then clearly less
pronounced. In rare isolated cases, in which the carotid
sinus reflex may be a contributing factor, manual strangulation does not cause petechial haemorrhages (Geserick and
Kämpfe 1990). When large hands apply pressure to a slender
neck, petechiae may also be minimal or non-existent simply
because the arteriae carotides are compressed.
2. Manual strangulation marks: the formation of marks
depends to a large extent on the type of attack. In most
cases, manual strangulation takes place from the front, in
rare cases from the side or behind. Strangulation may be
carried out by applying only one or both hands. Accordingly, strangulation marks are exhibited not merely in the
laryngeal area but also below the lower jaw, on the lateral
areas of the neck, rarely in the nape of the neck. It is important to differentiate between two types of strangulation
marks that frequently occur in combination: firstly, there
may be fingernail impression marks, which are visible as
short, curvilinear or S-shaped abrasions of the skin (Fig.
21.20). If the perpetrator has short fingernails or wears
gloves, these findings may be absent. Secondly, haematomas caused in particular by the pressure of the finger pads
may frequently be evident on the skin of the neck. These
haematomas are likewise an indication of the vitality of the
neck compression. According to the results of studies in 40
homicides, the positioning of the strangulation marks do
not permit any conclusions to be drawn regarding the
course of events (Haarhoff 1971). In living victims, strangulation marks may merely consist of erythema, which
fades after a few hours.
Internal findings
1. Fractures of larynx and hyoid bone: in up to 80% of cases,
fractures may occur that are clearly perfused to a large
extent. The injury rate is therefore considerably higher
than in ligature strangulation. The superior cornua of the
thyroid cartilage are most commonly affected; the cornua

Figure 21.20 Manual strangulation showing fingernail impression
marks.

2.

3.

4.

5.

majora of the hyoid bone less so (Haarhoff 1971; Maxeiner
1990; DiMaio 2000). Fractures of the thyroid cartilage plate
and the cricoid cartilage are rare; however they occur more
frequently in manual strangulation than in ligature strangulation. Nevertheless, it is not possible to differentiate
between manual and ligature strangulation on the basis of
the fracture pattern (Maxeiner 1990). Lesions in the joints
of the larynx may be observed more frequently in manual
than in ligature strangulation (Maxeiner 1987a).
Petechiae/congestion syndrome: as in ligature strangulation, petechiae are a common occurrence of congestion
syndrome in the scalp, in the musculi temporales and
under the pleura pulmonalis.
Haemorrhages in the soft tissues of the neck: these are
particularly likely to develop in the proximity of the larynx
but may be found in all areas and layers of the neck structures. Moreover, haemorrhages occasionally develop under
the capsules of the thyroid lobes. Studies have shown that
haemorrhagic intensity and distribution are frequently
more pronounced in manual strangulation than in ligature
strangulation. In many cases, haemorrhages are disclosed
during dissection of the nuchal muscles.
Haemorrhages in the origins of the sternocleidomastoid
muscles: this finding is rare in manual strangulation apparently because, in most cases, less pulling force is applied to
the neck than in other forms of strangulation.
Formation of foam in the airways: as in ligature strangulation, a fine white foam, sometimes streaked with blood,
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may occasionally adhere to the laryngeal, tracheal and
bronchial walls.
6. Acute pulmonary emphysema: this type of emphysema
may occur in varying degrees of intensity.

or the upper trachea. The free hand can increase this pressure
by pulling the wrist of the forearm backwards, thereby sealing
the airways. At the same time, venous congestion may develop
in the head area. Unconsciousness generally sets in after several
minutes.

General findings See Section 21.1.6.

Differentiation between suicide, homicide
and accident
Suicide Suicide by manual strangulation is impossible since
the onset of unconsciousness decreases muscle tone and the
hands stop applying pressure to the neck. In rare circumstances,
as part of various forms of self-inflicted injuries, manual strangulation marks may be observed on the skin of the neck.
Homicide Where fingernail impressions and/or haematomas
in the form of strangulation marks are established on the neck,
foul play must always be assumed as the primary cause. The
presence of petechiae signifies that external intervention is
beyond doubt. If there are no strangulation marks yet the head
and neck area exhibits petechiae, manual strangulation must
be considered in addition to ligature strangulation. Since the
victim is likely to resist manual strangulation, signs of a struggle
may well be manifest on the body, which also indicate foul play.
Attention should be paid to potential counter-pressure injuries
on posterior parts of the body if the victim has possibly been
pinned down on the ground. These injuries develop particularly in prominent areas of the back and buttocks. Since manual
strangulation is also practised to enhance sexual stimulation,
this eventuality must also be considered in isolated fatal cases.
Accident Accidental fatal and non-fatal manual strangulation
must always be eliminated.

Neck holds
Definition
Neck compressions using an arm are known as forearm choke
holds, whereby the hand of the free arm may be applied to
increase the compression of the neck.

Forms
There are two distinct modi operandi: choke holds and carotid
sleeper holds (Reay and Eisele 1982). In practice, a combination
of both techniques is common. Firstly, this is because victims
put up resistance, twisting and turning to escape from the neck
hold. Secondly, the assailants do not apply the holds in a professional capacity.
Choke holds One arm is placed around the neck from behind
the victim. The bent forearm runs across the front of the victim’s neck, applying pressure and constricting the larynx and/

Carotid sleeper holds In this restraint technique, the front of
the victim’s neck is in the crook of the assailant’s elbow, thus
there is very little pressure on the larynx and trachea. In particular, the lateral areas of the neck with the arteriae carotides
are constricted by the pressure of the forearm and the counterpressure of the upper arm. The free hand may be used to
increase significantly this pincer effect. When minimal pressure
is applied bradycardia and tachycardia are observed, which may
be classified as an indication of the effects of pressure or decompression on the carotid sinus. If enormous pressure is applied,
this may even lead to compression of the arteriae vertebrales
before they enter the transverse processes of the cervical spine
or in the area of the atlas loop. This effect is similar to neck
compressions that are carried out with blood pressure cuffs.
Carotid sleeper holds may result in loss of consciousness in less
than 15 seconds (Denk and Missliwetz 1988).

Frequency/occurrence
Forearm neck holds are frequently used every day in physical
altercations. For the most part, choke holds are applied. They
may potentially prove life-threatening if the neck is intensively
compressed for several minutes or if arterial obstructions
develop as a result of extreme lateral pressure. This can render
subjects unconscious. However, fatalities have only been
reported in extremely rare instances (Reay and Eisele 1982).
Furthermore, these choke holds are an integral part of certain
martial arts that include an element of self-defence. These
sports involve pre-defined neck holds, notably the carotid
sleeper hold. There are no reports of fatalities as a result of neck
holds in martial arts. Moreover, the carotid sleeper hold is also
an integral part of the restraints deployed by the police, law
enforcement officers and guards. Several deaths have been
linked to these restraint measures (Reay and Eisele 1982). In
principle, the use of neck holds by police officers would appear
to be indispensable in certain circumstances. However, it is
essential that officers receive proper training on how to carry
out the holds correctly. Under no circumstances should
techniques that could cause arterial compression be applied
for longer than 10–15 seconds to avoid any life-threatening
incidents.

Pathomorphology
External findings
1. Petechiae/congestion syndrome: petechiae may be present
in the conjunctivae, while congestion syndromes evidently
do not occur (Reay and Eisele 1982; Denk and Missliwetz
1988).
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2. Haemorrhages in the skin below the lower jaw: these findings were observed on the edge of the lower jaw (Denk and
Missliwetz 1988).
3. Injuries to the skin of the neck: no such findings were
reported in the cases publicised. Streaky haemorrhages may
be present, possibly caused by tension applied to items of
clothing (Denk and Missliwetz 1988).
4. Foamy discharge from the nostrils: one of the fatalities
published by Denk and Missliwetz (1988) exhibited this
finding.
Internal findings
1. Fractures of larynx and hyoid bone: in each case examined,
Reay and Eisele (1982) established the fracture of one superior cornu of the thyroid cartilage. Denk and Missliwetz
(1988) did not observe any fractures in deceased subjects;
however, they managed to produce laryngeal and hyoid
fractures on bodies in experiments using certain choke
holds.
2. Petechiae: may be present in the mucous membranes of the
pharynx and larynx.
3. Injuries to the soft neck tissues: minimal to intensive haemorrhages of the neck muscles may be found.
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subsequently kneels or places his foot on the victim’s neck. In
rare cases, kicks may also be delivered to the neck. In a very
small number of cases, the assailant may lean on the victim’s
neck using his forearm.

Classification of the circumstances
As a general rule, there will be signs of a struggle. The victim
is usually in a lying position on the ground.

Pathomorphology
External findings
1. Petechiae/congestion syndrome: as the neck is generally
compressed from the front or one side in this type of attack,
petechial haemorrhaging is relatively mild. In the event
of congestion syndrome, this is generally also of minimal
intensity. As regards petechiae, it should be noted that,
prior to the attack with the legs or feet, neck compression
may have taken place by other means (e.g. by manual or
ligature strangulation).
2. Injuries to the skin of the neck: extensive abrasions and
haemorrhages may be found (Fig. 21.21). Nevertheless,
kneeling or leaning on the victim may not invariably cause

Classification of such fatalities
The evaluation must take any risk factors of the decedent into
account. These include pre-existing conditions, particularly of
the cardiovascular system, convulsions and psychological disorders with manic episodes. Furthermore, acute intoxication,
alcohol withdrawal, narcotics and medication may have a contributory impact on fatalities occurring during the application
of neck restraints. People with risk factors are more vulnerable
to the effects of acute cerebral O2 deficiency. In addition, the
carotid sinus reflex may have an extremely adverse impact
where there are pre-existing conditions. Where the autopsy and
further examinations can rule out these risk factors, a direct
causal link between the forearm choke hold and the demise may
be considered a certainty (Reay and Eisele 1982).

Kneeling/placing a foot on/pressing the forearm
on the neck
Definition
Neck compression may be caused by the impact of the knee
area, the feet or the forearm, whereby at least part of the assailant’s body weight operates on the victim’s neck.

Frequency/occurrence
These forms of neck compression are occasionally observed in
multi-phase homicides or attempted homicides. Studies have
shown that the victim is first pinned to the ground in a lying
position using other forms of traumatic violence. The assailant

Figure 21.21 Kneeling on the neck showing intensive congestion
syndrome. Haematomas can be seen over the entire front of the
neck, particularly over the clavicles, under the chin and under
the lower jaw on the right.
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injuries that can be established externally. If pressure is
applied to the neck using the feet, the resulting injuries will
depend on whether or not shoes were worn. The texture
of the shoe’s soles greatly influences the development of
abrasions and bruises. If bare feet are used to compress
the neck, this may not necessarily result in any damage
to the skin.
Internal findings
1. Fractures of the larynx, hyoid bone and tracheal cartilage:
due to the extensive trauma, usually of greater intensity in
attacks using the knee or the feet, there may be fractures of
the hyoid bone, larynx and upper tracheal cartilage, which
are generally perfused to a large extent. The combination
of such fractures is an indication that compression took
place over a larger area. The larynx and upper tracheal
cartilage may be fractured in several places, a finding rarely
observed in manual or ligature strangulation. Fine dissection of these structures is indispensable in documenting
the extent of the injuries. Where the assailant leans on the
victim using the forearm, this does not cause such intensive
fractures.
2. Haemorrhages in the soft tissues of the neck: intensive neck
compression over a large area may lead to widespread
subcutaneous haematomas, haemorrhages and contusions
of the musculature, and occasionally also of the mucous
membranes. The area of injury may extend as far down as
the clavicles and the manubrium sterni.
3. Formation of foam in the airways: as in the other forms of
neck compression, this finding may be present.

21.1.8 Obstruction of the respiratory
excursions
Thoracic compression
Definition
Thoracic compression is an obstruction of the respiratory
excursion where the thorax is fixed in the expiratory position.
Firstly, this restricts or inhibits external respiration; and secondly, it reduces or halts the backflow of blood from the head
and neck region.

Frequency/occurrence
Fatalities due to thoracic compression are relatively rare. This
happens especially when construction pits (Fig. 21.22) or cable
trenches cave in and overwhelm victims. Landslides or avalanches may also prove fatal. Furthermore, victims may be
crushed in the thoracic region by large, heavy objects toppling
over (Fig. 21.23), for example concrete slabs, cement mixers,
cranes or by loads falling off the back of trucks (Hasse et al.

General findings See Section 21.1.6.

Differentiation between suicide, homicide
and accident
Suicide Suicide and self-inflicted injuries are virtually impossible in this context. In theory, committing suicide by lying
down in front of a car wheel is conceivable.
Homicide Foul play must always be assumed as the primary
cause of such severe neck injuries. As a general rule, the body
will exhibit evidence of a struggle. The circumstances at the
scene of death will usually provide additional indications that
this is a case of homicide.
Accident In practice, the evaluation of whether or not the
fatality was accidental may be deduced from the circumstances.
In very rare cases, it is feasible that moving machine components may have an impact on the neck, resulting in intensive
compression injuries. In agricultural settings, accidents involving ungulates may also cause severe compression of the neck.
However, the accidental nature is corroborated by the overall
pattern of injury and the circumstances of the death.

Figure 21.22 Compression of the lower thorax and abdomen –
accident following the collapse of a construction pit. Intensive
congestion syndrome occurred in the head, neck, shoulders and
upper chest region with a distinct boundary corresponding to
the level of burial.

CHAPTER 21   INJURIES DUE TO ASPHYXIATION AND DROWNING

397

Figure 21.23 Thoracic compression – apparently accidental. A
bench weighing several hundred kilograms toppled over onto the
victim. Moderate congestion syndrome can be seen on the head
and neck. Death occurred while the victim was under the
influence of alcohol and cocaine.

1999). Occasionally, cars that are jacked up but not properly
secured suddenly slip down, crushing the person carrying out
repairs underneath and causing thoracic compression. More
over, when falling or tripping, the infirm may become trapped
between pieces of furniture, for example, and lack the physical
strength to free themselves. There have been rare reports of
thoracic compressions in traffic accidents or train crashes
(Brinkmann 1978b). As a result of mass stampedes, panicking
crowds may crush each other (e.g. when escaping from burning
buildings, in sports stadia or at other major events). In rare
cases, people have been pulled into engine-driven machinery
when clothing is caught in the covering, resulting in a thoracic
compression, sometimes in conjunction with a strangling mech
anism (Maruschke et al. 2010). Thoracic compression has been
observed in nursing where strap restraints are not affixed correctly; these can slip and the patient falls out of bed with the
strap around the thorax (Berzlanovich et al. 2012). It has been
repeatedly pointed out that allowing infants to sleep in the
parental bed can prove fatal. While sleeping, the adults may
roll over onto the infant. At the very least, it cannot be ruled
out that isolated infant deaths can be attributed to thoracic
compression. Compression of the thorax is also a feature of
autoerotic practices. For example, tight latex clothing is worn
to bring about thoracic compression and enhance sexual stimulation. Individual fatalities have been observed in this context
(Fig. 21.24).

Classification of the circumstances
In many cases, victims of accidents and disasters are found in
situ, meaning that there can be no doubt regarding the compression of the thorax or torso. Photographic documentation
of the finding of the body by the rescue teams may prove

Figure 21.24 Thoracic compression – autoerotic accident due to
tight latex clothing, which was cut open on discovery of the
decedent. Intensive congestion syndrome can be seen on the
head and neck.

extremely helpful in evaluating the forensic pathological findings. If it was essential that victims be recovered quickly to carry
out resuscitation measures, this can occasionally impede the
subsequent evaluation of the thoracic compression. This applies
in particular when the findings are only minimal. Sometimes
the person who discovers the body makes certain changes to
the situation that prevent the identification of the original thoracic compression. Such cases might require reconstruction
before any information on the origin of the thoracic compression and its causal link to death can be established. Also, the
statement of the witness who found the body should be taken
into account. The possibility of an additional abdominal compression should be investigated, which would contribute to the
intensity of the findings. Thoracic compressions resulting from
autoerotic activities can usually be identified due to the general
circumstances at the scene of death.

Pathomorphology
External findings
1. Petechiae/congestion syndrome: firstly, compression of the
thorax and torso may cause monstrous congestion syndromes. In these cases, copious and widespread petechiae
then occur not only in the conjunctivae and the oral
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mucosa, but also in the scalp and the skin of the neck,
shoulders and upper chest region (Perthes 1899). Occasionally, petechiae may also be found in the skin of the
upper arms and upper abdomen. The congestion syndrome
may be so intensive that, in addition to considerable vascular ectasia, the skin presents small haemorrhagic areas.
Hyposphagmata may appear. Occasionally, there are linear
formations of petechiae which correspond to folds in the
clothing. Such severe findings are particularly observed in
victims of landslides, avalanches and other cases of extensive compression of the torso (see Fig. 21.22). The combination of thoracic and abdominal compression potentially
leads to intensive findings in many cases. Secondly, there
are cases in which the pressure stasis is relatively mild,
although severe compression of the thorax was undoubtedly the cause of death. Empirically, in this type of constellation, the precordium is particularly compressed. This is
because when the heart, aorta and venae cavae are crushed,
sudden cardiac arrest may be the result, giving a monstrous
congestion syndrome no time to develop. Where congestion syndrome is established, this is combined with considerable cyanosis of the affected skin areas in virtually every
case. The historical term ‘ecchymotic mask’ is used to
describe the intensive appearance. The skin of the face may
be oedematous.
2. Injuries to the skin/compression marks: depending on the
nature of the traumatic violence to the torso, the skin
may exhibit uncharacteristic abrasions or none at all. If
the compression was caused by a specific object, contoured
abrasions may be visible as imprint marks on the thorax or
abdomen. Occasionally, despite extremely heavy objects
having impacted on the area, there may be a total lack of
such findings.
Internal findings
1. Petechiae/congestion syndrome: in correspondence with
the external findings, the petechiae on the serous membranes may be highly pronounced, sometimes less intense.
2. Tongue haemorrhages: these may occur in the highest
intensity, both submucously at the base of the tongue (see
Fig. 21.19) and also in the musculature. The findings are
similar to those occurring in ligature strangulation.
3. Injuries to thorax and abdomen: in the event of traumatic
violence as a result of becoming trapped, soft tissue
haemorrhages or contusions are frequently detected in the
affected regions. Any compression marks may be perfused.
Fractured ribs are common. Occasionally, contusions of
the internal organs of the chest and abdomen are also
diagnosed.
4. Formation of foam in the airways: as in other mechanisms
of asphyxiation, a fine white foam, sometimes streaked
with blood, may be found in the airways.
General findings See Section 21.1.6. The cerebral oedema
may be particularly intensive.

Differentiation between suicide, homicide
and accident
Suicide In extremely rare cases, thoracic compression has
been reported as a method of suicide. The author and team
handled one case in which the suicide lay down on the road
and had his car roll from the pavement onto his chest.
Homicide In principle, homicide by means of compression of
the thorax or torso is possible but is likely to remain the exception. No compelling evidence of foul play may be inferred on
the basis of the compression-related findings. The maxim of
forensic pathological investigations is to look for any signs of a
struggle or defence injuries, for which there can be no explanation in the context of accidental thoracic compression. Reconstructions must be carried out to establish whether or not it
was possible for the decedent to become caught in the fatal situation without external intervention.
Accident Accidents and catastrophes are by far the most
common cause of thoracic compression. In most cases, although
the traumatic event is immediately witnessed by bystanders, it
is not possible to rescue the victims quickly enough from their
desperate situation. Other cases involve people who are trapped
in an isolated compression situation, or at least unnoticed at
first, making immediate rescue impossible. For example, this
applies to thoracic compression during sexual activity (see Fig.
21.24). A burglar suffered a thoracic compression when he was
caught in the automatic door of an off-licence while breaking
in. The deceased was only discovered an hour later. If a selfrescue appears to have been feasible, it is advisable to carry out
alcohol tests and chemical–toxicological analyses to assess the
decedent’s ability to act.

Burking
Definition
Burking is the name given to thoracic compression brought
about by the perpetrator sitting or kneeling on the victim, while
simultaneously covering the mouth and nose.

Frequency/occurrence
The so-called method of burking is named after the serial killer
William Burke (committed in Edinburgh in 1828). Burke was
said to have straddled the chests of his victims, covering the
mouth and nose during thoracic compression. This modus
operandi produced few traces of traumatic violence. Burke then
apparently sold the cadavers to schools of anatomy. Nowadays,
some isolated cases may be attributed to such incidents. In
particular, burking should be considered as the potential modus
operandi in complex violent assaults.
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Pathomorphology

Frequency/occurrence

External findings
1. Petechiae/congestion syndrome: individual punctiform
haemorrhages are likely to be found in the conjunctivae if
nowhere else. No congestion syndrome is apparent.
2. Abrasions, haematomas, tooth contour incisions: the
violent covering of the mouth and nose by the hands can
result in scratches on the skin in these areas. These are
generally fingernail impressions. Small haematomas may
occur, particularly in the lip vermilion and in the mucous
membrane of the oral cavity. Such injuries may also be
found in other regions of the facial skin. When greater
pressure is applied to the mouth, the edges of the teeth
produce superficial, clean-cut incisions in the mucous
membrane. These tooth cuts may exhibit perfusions.

Every day worldwide, for a variety of reasons, people become
trapped in abnormal positions that compromise respiration in
all walks of life. However, fatalities resulting from this body
position are only rarely observed. In isolated cases, such fatalities may occur as a consequence of restraining measures applied
by police officers, prison guards or personnel in psychiatric
hospitals (Reay et al. 1992). Individuals are usually placed on
the floor in a face-down position. They are restrained using
shackles (e.g. in the so-called hog-tied prone position) or
pinned down manually on the floor by restraining personnel.
In many cases, the shackled people offer violent resistance,
demonstrate considerable motor restlessness, are highly agitated and may be in mortal terror. Death may be instant. Risk
factors include the effect of alcohol, narcotics and centrally
acting drugs. Moreover, chronic conditions, especially of
the cardiovascular system, and obesity represent contributory
factors in such fatalities (Stratton et al. 2001). As part of sexual
practices, known as bondage, consensual restraints are applied
while lying in the face-down position. Under certain conditions, the parties involved may likewise find themselves in a
life-threatening situation due to obstructed respiration (Blanchard and Hucker 1991). However, even without external intervention, physically incapacitated or infirm individuals may
assume positions from which they are unable to free themselves
(Byard et al. 2008). The causes are frequently narcotics or overdoses of sedatives. Conditions like multiple sclerosis, epilepsy,
Parkinson’s disease or dementia may trigger a fall or stumble,
leading to situations where respiration is compromised. Cardiovascular diseases are commonly accompanied by syncope
and collapse, which may result in life-threatening positions
with regard to external respiration. Positional asphyxia syndrome may be relevant for infants who die in a face-down
position. These fatalities are generally diagnosed as sudden
infant death syndrome.

Internal findings
1. Petechiae: isolated petechiae are likely to be present under
the serous membranes like the pleura pulmonalis and the
epicardium. However, they may also be non-existent.
2. Injuries of the thorax: haematomas may be found in
the skin and the musculature. Attention should be paid
to fractured ribs due to osteoporosis, particularly in the
elderly.
3. Injuries to the back and buttocks: the so-called counterpressure injuries are to be expected on prominent areas of
the back, sometimes also on the buttocks.
General findings See Section 21.1.6.

Differentiation between suicide, homicide
and accident
Homicide Burking invariably involves external intervention.
The minimal findings in the mouth and nose region may be
crucial evidence of this as self-inflicted injuries are rarely found
in this area of the body. Due to the specific modus operandi,
suicide and accidents can invariably be eliminated.

Positional asphyxia syndrome
Definition
Positional asphyxia syndrome is a form of asphyxiation that
takes place following the enforced adoption of an abnormal
posture compromising the process of respiration; it occurs
most frequently in a prone position. Furthermore, the abnormal position may cause a compression of the upper airways.
In addition to the mechanical impairment of respiration, the
body’s increased O2 requirement, caused by the massive surge
of adrenaline, is relevant from a pathophysiological point of
view (Chan et al. 1997). The resulting O2 deficiency ultimately
leads to death by asphyxiation.

Classification of the circumstances
In the event of external intervention, the individual generally
dies suddenly in the presence of the restraining people. Witness
statements regarding the course of events from the immobilisation through to the demise are important in considering the
possibility of positional asphyxia syndrome. Video recordings
are sometimes available; these may be made to document the
conduct of the parties involved when restraining measures are
applied. If the victim has been trapped in an isolated situation
with impaired respiration, the witness statements on the position of the body are of extreme significance. Occasionally, the
police may document the scene of death in photographs. The
information on the position of the body is of crucial importance in evaluating the anatomical pathological findings in such
cases.
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Pathomorphology
External findings
1. Petechiae/congestion syndrome: petechiae may be minimal,
most likely in the conjunctiva palpebrarum, or non-existent
(Reay et al. 1992). No congestion syndrome is to be found.
The presence of congestion syndrome would refute the
diagnosis of positional asphyxia syndrome.
2. Abrasions or haematomas in various regions of the body:
where restraining measures have met with resistance, abrasions and haematomas are inevitable. Attention should be
paid in particular to marks on the arms resulting from
being pinned down. These predominantly consist of haematomas on the inside of the upper arms. Manacles and
fetters may cause corresponding injuries. Fall-related findings also occur in the typical sites. If, during the course of
the restraining measures, the victim was laid or pressed
against hard objects, corresponding impression marks may
occasionally be observed on the skin.
Internal findings
1. Petechiae: there may be minimal petechiae on the serous
membranes or none at all.
2. Skin and soft tissue haemorrhages: even when intensive
restraint measures have been applied, any external shackle
marks may be only mildly perfused or not at all. Attention
should be paid to injuries resulting from falls, banging
against objects and being pinned down. Parts of the body
that have evidently been pinned down under pressure for
some time generally do not exhibit any haemorrhages.
3. Pre-existing conditions: the identification of any preexisting condition is of the utmost importance for the
overall evaluation of such cases; in particular, cardiovascular diseases must be registered in detail.
General findings See Section 21.1.6.

Differentiation between suicide, homicide,
accident and natural death
Suicide In rare cases, suicides by means of abnormal body
postures cannot be excluded (Byard et al. 2008).
Homicide Where there is no direct evidence such as shackles
that were not self-applied or restraint injuries, it is solely those
injuries that are caused by resistance or defence actions that
indicate the possibility of external intervention. The overall
evaluation may only be carried out by taking the autopsy findings into account, including the results of the histological and
chemical–toxicological analyses, and alcohol tests. Due consideration must also be given to the information established in the
police investigation of the incident and the scene of death,
along with any pre-existing conditions.

Accident Where, without external intervention, victims have
assumed positions that compromised respiration as the result
of a fall and pre-existing conditions do not account for the
fatality, the accidental nature of the incident should be considered (Byard et al. 2008).
Natural death If relevant findings are present, particularly
cardiovascular disorders, which would account for the sudden
demise due to an internal disease, it may be assumed that death
was from natural causes. The individuals would appear to have
toppled into the confined position as the result of an agonal
fall. In such cases, it is very difficult to evaluate the extent to
which positional asphyxia syndrome was ultimately a contributory factor in the demise.

Head-down position
Definition
This form of asphyxiation is characterised by the hypostatic
pooling of blood in the dependent head, neck and chest region,
together with obstruction of the respiratory excursions.

Frequency/occurrence
Fatalities in the head-down position are an extremely rare
event. The cause of death is usually a fall resulting in the headdown tilt. The individuals are unable to free themselves from
the inverted position, in some cases due to physical infirmity
(Fig. 21.25a) or injuries; in others due to the apparent influence
of toxic substances.

Classification of the circumstances
Firstly, there are cases in which the body ends up head-first in
an almost perpendicular position (e.g. after obviously falling
down a flight of stairs; see Fig. 21.25a) (Doberentz and Madea
2012). Secondly, cases of reverse suspension positions are
recorded. These occur as a result of falls from a height (e.g. by
falling off a fence) (Purdue 1992), from a wardrobe (Lawler
1992) or in connection with hanging, presumably for autoerotic
purposes (Madea 1993). Marshall (1968) reports on the case of
an 11-month-old infant, who was found hanging upside down
from his bed.

Pathomorphology
External findings
1. Hyperaemia in the head, neck and chest region: due to the
head-down position, the skin in this region takes on a
monstrous bluish grey discoloration caused by the hypostatic pooling of blood (see Fig. 21.25b). The settling of the
blood commences antemortem and intensifies postmortem. The soft tissues of the face, especially the eyelids, may
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(a)

(b)

Figure 21.25 (a) Death in the head-down position following an apparent accidental fall down the stairs. (b) Same patient as in
(a), showing a bluish grey discoloration caused by the hypostatic pooling of blood with swelling of the soft facial tissues, particularly
the lips.

appear swollen as a result of the severe accumulation of
fluid.
2. Petechiae: despite the hypostatic hyperaemia, the conjunctivae may exhibit some extravasation of blood or none at
all (Purdue 1992; Doberentz and Madea 2012). It should
be noted that postmortem vibices cannot be distinguished
from antemortem petechiae. Therefore, this finding does
not represent a vitality criterion.
3. Injuries: abrasions, haematomas, lacerations and contusions may develop due to the preceding fall into the inverted
head-down position.
Internal findings
1. Acute hyperaemia: intensive hyperaemia is likely to be
present in the brain, the organs of the neck and the lungs.
2. Petechiae: in the few documented cases, no petechiae were
found on the serous membranes.
3. Oedemas in the organs: considerable oedemas may develop,
particularly in the brain and lungs, although postmortem
effects should be taken into account when the body has
remained undiscovered for some time.
4. Haemorrhages and erosions of the gastric mucosa: these
findings were observed and interpreted as stress-related
(Lawler 1992; Purdue 1992).

5. Injuries: the torso and limbs may exhibit fall-related fractures. Contusions of the internal organs (e.g. the lungs) are
possible.
6. Pre-existing conditions: it is essential to identify any preexisting conditions that could be the underlying cause of
death. Histological analyses are mandatory. The evaluation
‘death in the head-down position’ constitutes a diagnosis
by exclusion.

Differentiation between suicide, homicide,
accident and natural death
Suicide No such events have been reported.
Homicide Head-down positions as a method of torture are
especially of historical interest. Nevertheless, in individual
cases, evidence of a preceding struggle should be routinely
taken into consideration.
Accident Without exception, only accidents have been reported to date. In isolated cases, injuries were ascertained that
can be accounted for as self-rescue attempts.
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Natural death An agonal fall in cases of sudden natural death
may result in an accidental head-down position, which cannot
then be considered the underlying cause of death.

results, the scene of death and any other circumstances
must be taken into consideration.

Orthograde suspension

Differentiation between suicide, homicide,
accident and natural death

Definition

Suicide No such events have been reported.

This form of asphyxiation is characterised by the enforced
adoption of a hanging body posture in an upright position with
arms raised, resulting in immobilisation in the inspiratory position with orthostatic cardiovascular failure.
For a while, the individual attempts to compensate for the
impediment to thoracic respiratory movements by diaphragmatic breathing. In particular, the diminished inspiratory
suction effect on the extrathoracic veins reduces the backflow
of blood to the heart and the stroke volume, which in turn
intensifies cerebral hypoxia. The backflow of blood is additionally reduced by the compromised muscular pump in the dangling legs.

Homicide No current cases have been documented.

Frequency/occurrence
Such fatalities represent an anomaly. Very few cases have been
documented; these refer to falls from a height while mountaineering. In a fall, the chest harness that is attached to the climbing ropes may slide up into the armpits, leaving the person
immobilised and suspended on the rope with arms raised (Patscheider 1961). Falling down a narrow shaft or chimney may
result in a similar position. When the arms are above the head,
the suspended body may become wedged at the level of the
armpits. The immobilisation of the thorax in the inspiratory
position is obviously one component of the historical death by
crucifixion.

Pathomorphology
External findings
1. Hyperaemia of the lower half of the body: the antemortem
pooling of blood increases postmortem as hypostasis.
2. Petechiae: due to the pathomechanism, which does not
cause a relevant congestion in the head and neck region,
petechiae are unlikely to develop and were not observed
(Patscheider 1961).
3. Injuries: fall-related abrasions and haematomas may be
present. Special attention should be paid to the armpits.
Internal findings
1. Acute hyperaemia: the lower half of the body may exhibit
acute hyperaemia.
2. Petechiae: these are unlikely.
3. Pre-existing conditions: the diagnosis by exclusion of
‘orthograde suspension’ may not be made until any preexisting conditions that could be the underlying cause of
death are ruled out, whereby all additional examination

Accident These isolated cases are the results of accidents.
Natural death In cases of sudden natural death, it is feasible
that an agonal fall could lead to accidental orthograde
suspension.

Unstable thorax
Definition
Asphyxiation is possible due to an unstable thorax. This is taken
to mean serial rib fractures, which give rise to abnormal mobility of one part of the thoracic wall with hypoventilation of
the lung.

Frequency/occurrence
Serial rib fractures in terms of an unstable thorax are encountered in forensic pathology practice on a regular basis as a result
of intensive blunt force trauma over a large area of the thorax.
Such injuries are most commonly observed in road traffic accidents (e.g. where vehicles have run over individuals lying in the
road). Falls from a height or down a flight of stairs similarly
lead to these findings. In elderly patients with advanced osteoporosis, an unstable thorax may be sustained in falls from
relatively low heights, for example off a ladder. Kicking or
jumping on a person lying on the floor may also result in an
unstable thorax.

Pathomorphology
External findings
1. Injuries of the thorax: the thorax is deformed and abnormally mobile. The area of blunt force trauma usually exhibits extensive haematomas, sometimes even abrasions. The
skin may occasionally develop subcutaneous emphysema.
2. Petechiae: this finding is unlikely to be present.
Internal findings
1. Injuries of the thorax: in most cases, the serial rib fracture
affects numerous ribs. Individual rib fragments may be
ascertained. Fractures of the upper four ribs rarely result in
an unstable thorax. The sternum may be broken. In some
cases, there may be injuries of the intercostal spaces and the
parietal pleura. Injuries of the thoracic organs are likely. A
haemothorax and/or pneumothorax may develop.
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Differentiation between suicide, homicide
and accident
Suicide These findings occur in suicide jumps from a height.
Homicide Homicidal incidents occasionally involve an unstable thorax, triggered by intensive blunt force trauma.
Accident The most common cause of unstable thorax is as a
result of accidents. However, the cause of death is often not
asphyxiation but the rupturing of the thoracic organs, leading
rapidly to a fatal haemothorax.

Pneumothorax
Definition
Asphyxiation may be caused by the complete collapse of one or
both lungs due to a pneumothorax. Air enters the pleural cavity,
impeding the dilatation of the lung. Accordingly, the respiratory volume decreases and less O2 reaches the lung.
A tension pneumothorax represents acute mortal danger not
only because respiration is compromised but also because, with
an increase in intrathoracic pressure, a valve mechanism leads
to a displacement of the mediastinum, obstructing the venous
backflow.

Frequency/occurrence
In forensic pathology practice, there are regular reports of
autopsies in which there is reason to suspect pneumothorax
due to evidence of thoracic trauma.

Forms
Traumatic pneumothorax A frequent cause are rib fractures
where the sharp bony fragments puncture the lung. In very rare
cases, barotrauma may lead to pulmonary ruptures, also resulting in a pneumothorax. These cases are known as closed pneumothorax. Perforations of the thoracic wall, frequently due to
stab wounds, give rise to an open pneumothorax. This is not
invariably evidence of foul play; rare cases of suicidal chest
stabbing have been documented. Iatrogenic pneumothorax
may develop, for example if a pleural dome is inadvertently
opened during subclavian vein catheterisation procedures
(Herth 2008).
Spontaneous pneumothorax Such cases are very rarely
observed. This finding mainly affects people suffering from a
severe, pre-existing pneumopathy, usually a chronic obstructive
pulmonary disease. Violent bouts of coughing may give rise to
sudden pneumothorax due to the rupturing of emphysematous
bullae. A spontaneous pneumothorax is also classified as a
closed pneumothorax because air penetrates the pleural cavity
from within. In very rare cases, a spontaneous pneumothorax
may be the cause of a sudden natural death.
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Pathomorphology
External findings
1. Injuries of the thorax: a pneumothorax should be taken
into account where rib fractures are palpable. The same
applies if puncture sites are present below the clavicles. Any
wounds must be probed to establish the opening of the
thoracic cavity. The presence of any perforations also indicates a pneumothorax.
Internal findings
1. Low set diaphragm: on inspection of the abdominal cavity,
a low set, flat diaphragmatic cupula is an indication of a
possible pneumothorax on this side.
2. Detection of air in the thoracic cavities: this requires a
so-called pneumothorax test. The soft tissues of the thorax
are separated from the ribs to form a pocket between the
ribs and the tissues; this is filled with water. The tip of a
scalpel is subsequently inserted under water into an intercostal space. A pneumothorax is evidenced by large bubbles
rising to the surface. The test is not valid for putrefying
bodies.
3. Atelectasis: the affected lobe of the lung has collapsed back
into the thoracic cavity, is hypoventilated and mostly
exhibits a dark, livid grey colouring.
4. Injuries of the lung: jagged wounds made by the ends of
fractured ribs and lung ruptures can be clearly identified.
It may prove difficult to detect any fine injuries of the
pleura pulmonalis.
5. Injuries of the parietal pleura: larger ruptures are easily
discernible in conjunction with the other injuries of the
thoracic wall. In cases of iatrogenic pneumothorax, attention should be paid to corresponding puncture sites on the
parietal pleura. In cases of incorrect subclavian vein puncture, the pleural domes must be examined. Haemorrhages
on the exterior of the pleurae may occasionally be crucial
in locating puncture sites.
6. Other thoracic organ injuries: after intensive blunt force
trauma, a traumatic pneumothorax is often combined with
cardiac, aortic and pulmonary injuries. Furthermore, intercostal arteries may be opened. Thus, in the event of a pneumothorax, a haemothorax is frequently ascertained at the
same time. When they occur in combination, the two findings constitute the eventual cause of death.
7. Pneumopathy: in the case of a spontaneous pneumothorax, any pre-existing pulmonary disease must be diagnosed.
Only in exceptional cases is it possible to provide evidence
of ruptured emphysematous bullae.

Differentiation between suicide, homicide,
accident and natural death
Suicide As a matter of principle, the finding ‘traumatic pneumothorax’ permits no conclusions to be drawn as regards a
suicidal event. Whether or not a pneumothorax is the outcome
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of a suicide may only be assessed once all medical findings and
the results of the police investigation have been taken into
account. Suicidal thoracic stab wounds are sometimes relatively
superficial and may open an intercostal space without injuring
the lung. The resulting pneumothorax may subsequently lead
to asphyxiation. Suicidal jumps from a height mostly lead to
severe multiple trauma with exsanguination, thus the pneumothorax merely represents a secondary finding.

may occasionally be identified as the cause of death in neuromuscular disorders. Pneumonia may have been caused by the
aspiration of chyme. Neuropathological examinations are recommended, while chemical–toxicological analyses are mandatory in every case.

Homicide It is possible for homicidal trauma to the thorax
(e.g. stabbing, gunshots or massive blunt force trauma) to cause
a pneumothorax, which ultimately proves to be fatal due to
asphyxiation. Virtually all cases present a haemopneumothorax. A bilateral pneumothorax causes death in just a few
minutes. It is extremely rare for an iatrogenic pneumothorax
to prove fatal (Doberentz et al. 2008).

Suicide Although feasible, no such cases have been reported.

Accident In all forms of intensive thoracic trauma, the development of a pneumothorax should be taken into consideration
as acute O2 deficiency may be relevant to the onset of death.
Natural death This presupposes the diagnosis of a severe
chronic pulmonary disease, which causes spontaneous pneumothorax with ultimate asphyxiation. The decedent’s medical
history must be taken into account.

Paralysis of the respiratory muscles
Definition
Paralysis of the respiratory muscles are attributable to neuromuscular disorders or intoxication, in some cases also to the
effects of an alternating current, and may lead to asphyxiation.

Frequency/occurrence

Differentiation between suicide, homicide,
accident and natural death

Homicide Reference has been made to isolated cases involving toxic paralysis of the respiratory muscles. Overdoses associated with operative procedures have been documented (Küpper
et al. 2011). In cases of severe neuromuscular disorders, in
which patients require assisted ventilation, an interruption of
the O2 supply may sometimes occur in home care because a
tube connection has worked loose, for example. The issue is
then to investigate how long the patient could still have been
saved following the termination of the O2 supply. The autopsy
generally will not be able to provide any evidence of foul play.
Accident No information is available on accidental incidents.
In connection with the effects of electricity in bath water,
the considerations pertaining to respiratory muscle paralysis
should be taken into account.
Natural death Irreversible apnoea may occur as part of the
syndromes. In the event that complications like inflammation
of the respiratory tract and lungs have developed, a natural
death may be assumed. Nevertheless, chemical–toxicological
analyses should always be carried out and the investigation
results taken into account before a final opinion is presented as
to the cause of death.

Fatalities are rarely encountered in forensic pathology practice.
Syndromes like myasthenia gravis, Duchenne muscular dystrophy, Guillain–Barré syndrome and Lyme borreliosis are also
contributory factors. Furthermore, intoxications with curare
or curare-like substances may cause apnoea by paralysing the
respiratory muscles. In occasional cases, it must be established
whether or not an overdose of muscle relaxants may have been
administered by means of intubation or anaesthesia. In fatal
cases of electrocution in bathtubs full of water, the tetanic convulsions of the intercostal muscles induced by alternating current
of low amperage may be of significance. Asphyxiation due to
paralysis of the respiratory movements cannot be ruled out.

21.1.9 Obstruction of the respiratory
orifices, larynx, trachea
and bronchia

Pathomorphology

Manual obstruction of the respiratory orifices On the one
hand, there are cases in which a perpetrator applies minimal
pressure to cover the mouth and nose of the defenceless victim.
On the other hand, the perpetrator may use violent force to
squeeze the mouth and nose shut with his or her hands. Forcible closure of the respiratory orifices can also be caused by
pressing the victim’s face against the assailant’s body.

The diagnoses of these syndromes have usually been established
for some time and are not first detected during the autopsy.
Corresponding muscular atrophy may well be discernible. The
autopsy findings are unspecific. Attention should be paid to
injection sites. Tracheobronchitis and/or bronchopneumonia

Obstruction of the mouth and nose
Definition
This typifies asphyxiation due to constrictions or obstructions
of the mouth and nose, also termed oronasal occlusions.

Forms
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Obstruction of the respiratory orifices by means of objects This
includes asphyxiation using a soft covering. In this case, soft
objects like pillows or plastic sheets slip over the mouth and
nose, or are placed over them. This form of asphyxiation also
includes using these soft objects to hold the respiratory orifices
closed or cover the face (Keil and Berzlanovich 2010). Furthermore, this category also covers the binding, sealing and occlusion of the mouth and nose; the latter includes gagging. Gags,
predominantly made of cloth, are stuffed into the oral cavity,
sometimes as far as the pharynx, and secured with a tape
running through the mouth. Frequently restrained using shackles, the victim then mainly breathes through the nose. If the gag
is pressed far back in the throat, contractions of the pharyngeal
muscles may initially keep an airway open for nasal respiration.
Asphyxiation is possible when the muscles slacken.
Obstruction of the respiratory orifices by facial occlusion Individual fatalities are possible due to pressing or lying
on the face without external intervention. This usually affects
people who are debilitated due to illness or intoxication
(Schmeling et al. 2009). In homicidal asphyxiation, the perpetrator presses the victim’s face into soft objects like bed linen.

Frequency/occurrence
Such fatalities are relatively rarely encountered in forensic
pathology practice. However, it should be remembered that
oronasal occlusions may not exhibit any injuries. In view of
the unspecific general findings, it is inevitable that such cases
of asphyxiation are not discovered (Heinemann and Püschel
1996). It is not possible in practice to distinguish these cases
from sudden infant death syndrome due to the findings
(Bohnert et al. 2004). It may be assumed that most victims of
asphyxiation by means of soft coverings are newborns and
infants. As evidenced by individual case histories, the frequency
of such homicides with adult or elderly victims is estimated
to be considerably lower. As a matter of principle, the physical
superiority of the perpetrator is a contributory factor in the
event of foul play. As a result of illness, infirmity or intoxication,
adult victims may have limited or suppressed ability to act. In
isolated cases, victims are restrained by one or more perpetrators while a further assailant presses a pillow over their mouth
and nose. Cases of asphyxiation caused by binding, sealing or
obstructing the respiratory orifices, or gagging, are extremely
rare. Gagging is often found in conjunction with other traumatic violence, which is the actual cause of death. If applicable,
it must be evaluated whether or not the gag was a concurrent
cause of death. If the passages of the mouth and nose are still
partially open or where complete obstruction of the airways
was only short term, O2 deficiency may constitute a contributory factor for the onset of death. In exceptional cases, the
obstruction of the respiratory orifices merely represents a
secondary finding. Rarely encountered, accidents are mostly
caused by bed linen or pillows. The polythene sheets used in
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plastic shopping bags or as packaging for magazines may occasionally cause fatal accidents (Keil and Berzlanovich 2010).

Classification of the circumstances
Since the mechanisms in asphyxiation by means of soft coverings are mostly pillows, covers, scarves and more rarely items
of clothing, this type of object may be present when the body
is discovered. Numerous victims are apparently found in bed,
particularly infants.

Pathomorphology
External findings
1. Petechiae: individual petechiae may develop in the conjunctivae, but very seldom in the oral mucosa and the skin
of the face.
2. Facial injuries: small abrasions (i.e. fingernail impression
marks) may be found. Small haematomas are also observed.
Findings may not only be located near the mouth and nose
but also in other regions (Banaschak et al. 2003). There may
be wounds in the lip vermilion and the oral mucosa; this
finding is most common in adults (Fig. 21.26).
3. Residue of adhesive material: the adhesive surfaces of plasters or duct tape can leave a residue, which must be retained.
Where the material has since been removed, sharply delineated desiccations may develop postmortem in the skin of
the face, corresponding to the location of the original adhesive zone.
4. Foreign matter in the respiratory orifices: any textile fibres
that could be attributed to an asphyxiation instrument, and
other residue must be preserved.

Figure 21.26 Obstruction of the mouth and nose due to
apparent homicide by the carer. A flannel with a rough surface
was held over the respiratory orifices. Minimal abrasions can be
seen around the lip vermilion and above the chin.
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5. Dissection where the gag is still in place: the procedure
described in Section 21.1.5 should be followed.
6. Foam on the mouth and nose: a fine white foam, occasionally streaked with blood, forms.
7. Injuries in other regions of the body: abrasions, haematomas and wounds may be present. Particularly in the case
of infants and small children, any indications of previous
as well as recent traumatic violence should be noted. Any
restraint or defence injuries and marks of shackles must be
taken into consideration.
Internal findings
1. Petechiae: minimal petechiae may be established under the
pleura pulmonalis and under the fasciae of the musculi
temporales, or not at all. In rare cases, they may occur
under the epicardium; in infants and children also under
the thymus capsule.
2. Formation of foam in the airways: occasionally, a fine white
foam may adhere to the upper and lower respiratory walls,
sections of which may be streaked with blood. Excessive
mucous may be present.
3. Acute pulmonary emphysema: this finding may affect both
lobes or only individual sections of the lung.
General findings See Section 21.1.6.

Differentiation between suicide, homicide,
accident and natural death
Suicide In exceptional cases, suicide has been reported by
means of self-inflicted obstruction of the mouth and nose.
Homicide Forensic medical findings only suffice to indicate
the eventuality of external intervention (e.g. due to injuries to
the face, nose and mouth). Additional injuries in other regions
of the body may substantiate the suspicion of foul play.
Accident Depending on the medical history and the circumstances of the demise, the possibility of an accident cannot
be ultimately ruled out where injuries are only minimal or
non-existent.
Natural death Cause of death may be due to pre-existing
conditions or acute symptoms of disease. During the process
of dying, decedents may adopt a facial position which, depending on the circumstances, is to be considered an acceleratory
factor for the onset of death but not the underlying cause.

Obstruction of the larynx (bolus death)
Definition
Fatalities caused by obstruction of the larynx, also known as
bolus death after the Latin for morsel or lump, are associated
with a reflex cardiac arrest. The bolus material lodged in the

throat triggers the reflex by impacting on the larynx. Virtually
every case is caused by particles of food. Although the airways
are obstructed, this does not constitute asphyxiation in pathophysiological terms. The food bolus, in rare cases other foreign
bodies, become lodged in the laryngeal inlet due to a dysfunction of the swallowing process (Malin and Schliack 1992). Due
to the impaction of the larynx, the cough reflex mechanism is
ineffective because the required air cannot be inhaled. The pressure irritates the parasympathetic nerve plexus of the mucous
membrane at the inlet of the larynx and pharynx. As a reflex,
the vagal impulses lower both the heart rate and the stroke
intensity. Cardiac conduction and irritability are reduced.
Sudden cardiac arrest may follow, proving fatal in most cases.
Eye witnesses report a loss of consciousness with no precursory
symptoms of respiratory distress, which supports the reflex
theory.

Frequency/occurrence
According to Patzelt’s data (1992), forensic pathological case
studies show a frequency of deaths due to laryngeal obstruction
of approximately 0.5%. Men are more likely to be affected than
women. A large number of such fatalities go unreported because
doctors wrongly diagnose the subjects’ sudden, silent collapse
as coronary cardiac arrest. It used to be assumed that the bolus
mechanism could only be triggered by a relatively solid obstruction. Thus, chunks of meat and sausage were predominantly
identified as bolus. In individual cases, objects like coins, dentures and layers of gauze used in oral hygiene were found in the
larynx. More recent studies demonstrate that fatalities among
the elderly may also be caused by soft impacted food boluses
(Berzlanovich et al. 2005). It has long been established that
alcohol has an activating effect on the parasympathetic nervous
system and an inhibitory effect on the sympathetic system.
Thus, a relatively large proportion of subjects have taken alcohol
during the bolus event (Patzelt 1992).

Classification of the circumstances
Approximately 70% of bolus fatalities take place in the home,
with the remainder mainly in restaurants, old people’s homes,
care facilities and hospitals (Berzlanovich et al. 2005). A link
can generally be identified between the onset of death and
the ingestion of food. Cases have been reported in kiosks,
fast food restaurants and canteens. Geriatric patients or those
with neurological disorders are particularly vulnerable as they
are more likely to suffer from dysphagia (Malin and Schliack
1992). In these categories of patient, sudden deaths while eating
must always indicate the possibility of a bolus mechanism.
The hurried feeding of elderly or handicapped patients evidently contributes to this type of incident. In most cases there
are no indications of any vomiting as may be repeatedly
observed in the aspiration of chyme. Occasionally, the circumstances of the demise or the medical history may provide evidence of alcohol.
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Differentiation between suicide, homicide,
accident and natural death
Suicide In principle, a bolus mechanism as a method of
suicide would appear to be possible. Forster and Schulz (1964)
documented a case of self-inflicted gagging by a schizophrenic
subject, which evidently triggered a bolus mechanism.
Homicide If elderly or handicapped patients with dysphagia
suffer a bolus death after being wrongly given foods that have
not been sufficiently broken down, it could be questioned
whether this is criminal assault resulting in death. The same
applies to the hurried feeding of such patients.
Natural death Since obstructions of the larynx are predominantly due to varying causes of dysphagia, a natural death may
be assumed in many cases.

Obstruction of the trachea and bronchia
Definition
Figure 21.27 Bolus death, showing compressed chyme with a
piece of meat in the larynx and in the lowest section of the
pharynx.

Asphyxiation due to obstruction of the trachea and/or bronchia
is caused by aspiration of material originating in the body or a
foreign body. Not only as the cause of death, aspiration is also
of great relevance as a vital sign.

Pathomorphology

Forms

External findings Petechiae only occur very rarely in the conjunctivae or not at all.

Aspiration of material originating in the body A particularly
significant role is played by the aspiration of chyme and blood.
Only in cases where at least the small bronchi on both sides are
obstructed by the aspirate up to the periphery is the evaluation
of aspiration of chyme or blood as the cause of death justified.
Some of these cases are accompanied by the development of
areas of chyme and blood aspiration. An acute pulmonary
emphysema may frequently be observed. If aspirated material
is only found in the trachea and the primary bronchia, and this
section of the airways is not completely obstructed, death by
asphyxiation may not be assumed. These findings may be interpreted as agonal aspiration with another underlying cause of
death. In rare cases, teeth are aspirated; although this may result
in respiratory impairment, this generally does not cause death
by asphyxiation.

Internal findings
1. Site of the bolus: this is located in the larynx and/or in the
lowest section of the pharynx (Fig. 21.27). The laryngeal
inlet is usually completely obstructed. Bolus death is evidenced by the presence of the foreign body. It should be
noted that the bolus material may have been removed
as a result of resuscitation measures or shifted during
intubation.
2. Stomach contents: in approximately two-thirds of cases,
undigested food particles are found in the stomach, which
correspond to the bolus material and indicate the ingestion
of food immediately before the event. In one-third of subjects the stomach is empty (i.e. the first mouthful proved
fatal).
3. General findings: uncoagulated blood and acute hyperaemia of the internal organs.
Additional examinations
1. Blood alcohol test: the results frequently indicate medium
to high concentrations.
2. Chemical–toxicological analyses: these may lead to the
detection of centrally acting drugs, which evidently also
contribute to such fatalities.

Aspiration of foreign bodies Aspirates include peanuts (Fig.
21.28), small sweets, fruit stones, parts of toys, metal objects
like screws and nails, or parts of dentures. Grains are aspirated
when victims are engulfed in grain elevators. Rare cases of
aspiration of sand and soil have been documented. Fatal foreign
body aspiration occurs primarily in cases involving infants and
small children. Due to the much larger diameter of the trachea
and bronchia, most older children and adults only have difficulty breathing. In rare cases, aspiration of amniotic fluid
causes death by asphyxiation in newborns. Likewise, cases of
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Figure 21.28 Foreign body aspiration due to obstruction of the
trachea of an infant by a peanut.

Figure 21.29 Chyme aspiration areas in the case of heroin
intoxication. The areas exhibit greenish-brown discoloration.

drowning may be classified in this category; the diagnosis ‘death
by drowning’ signifies that asphyxiation was caused by inhaling
the drowning liquid, which is water in virtually every case.

Frequency/occurrence
Vomiting may be caused by numerous severe internal diseases,
injuries and intoxications. Aspiration of chyme or gastric contents occurs especially where individuals are in a reduced state
of consciousness or even unconscious, thus their protective
reflexes are suspended. As these circumstances are not particularly unusual, chyme aspiration is the most common form of
aspiration. Especially agonal inspiration may be frequently
encountered. Fatal chyme aspiration is predominantly found in
cases of intoxication, particularly those induced by heroin (Fig.
21.29), and in craniocerebral trauma. Gastrointestinal diseases
like ileus frequently induce vomiting and may ultimately cause
fatal aspiration of the stomach contents. The eventuality of
chyme aspiration should always be taken into consideration in
diseases featuring dysphagia. Patients in care facilities are predominantly affected. Asphyxiation due to aspiration of blood

Figure 21.30 Aspiration of blood following a craniofacial
fracture. Blood is present in the right primary bronchus; blood
aspiration areas occur under the pleura pulmonalis and on the
pulmonary section there is acute emphysema of the anaemic
lung.

is a regular occurrence in forensic pathological routine work.
Sudden natural deaths here primarily include oesophageal
variceal haemorrhages which, following substantial haemoptysis, ultimately lead to aspiration of blood and asphyxiation.
However, the source of the haemorrhage may also be located in
the lungs, as in the extremely rare condition of Wegener’s granulomatosis. Moreover, patients who are prescribed anticoagulants following tonsillectomies and tooth extractions may
develop complications, one of which is the aspiration of blood.
Paramount traumatic causes include craniofacial (Fig. 21.30)
and subcranial fractures, as well as pulmonary contusions,
ruptures and lacerations. By comparison, aspiration of foreign
bodies is rare, occurring most commonly in older infants
and small children, who generally tend to put objects in their
mouths. Occasionally, adults aspirate nails or screws held
between their lips while carrying out manual jobs. In old people’s homes and care facilities, it is important to bear in mind
that teeth or parts of dentures that fall out may have been
aspirated unnoticed. In exceptional cases, such aspirates cause
fatal inflammation of the airways and lungs.

Pathomorphology
External findings
1. Vomitus or blood on the face: in chyme aspiration, vomitus
is frequently found on the face, predominantly around the
mouth and nose. In blood aspiration, there may be tracks
where blood has flowed from the nose and mouth. Evidence of haemoptysis may be visible in other regions of the
body (e.g. on the hands).
2. Aspirate in mouth and nose: vomitus or blood may be
found around the mouth and/or nose.
3. Facial injuries: in view of possible craniofacial fractures and
other traumatic haemorrhage sources, it is mandatory to
identify any injuries to the skin, particularly on the face.
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4. Location of haemorrhage sources in the nose, mouth and
throat: inspection may yield evidence of haemorrhage
sources in these regions. Overlying blood clots may be
crucial evidence of this.
5. Petechiae: particularly in extensive or complete obstruction
of the airways, there may be minimal petechiae in the conjunctivae, or alternately none at all.
Internal findings
1. Aspirate in the airways: asphyxiation is evidenced by the
presence of the aspirate. It should be noted, however, that
parts of the aspirate at least may have been removed in the
course of resuscitation measures.
2. Aspiration areas in the lungs: these occur in cases of chyme
and blood aspiration (see Figs 21.29 and 21.30). If large
quantities of acidic gastric juices are aspirated when vomiting chyme, brownish grey areas of preliminary digestion
may form on the tissue of the lungs (Mendelson’s syndrome). Furthermore, many cases exhibit a pronounced
pulmonary oedema. Where this does not prove fatal, aspiration pneumonia subsequently develops.
3. Acute pulmonary emphysema: this finding is frequently
observed. The emphysema is usually particularly intensive
in cases where the obstruction of the airways was caused
by mainly liquid material. The pulmonary surface then
displays suspended retraction, like that observed in
drowning.
4. Content of the oesophagus: large quantities of chyme, first
vomited then aspirated, are commonly found here. In
blood aspiration, blood may be present.
5. Haemorrhage source: in cirrhosis of the liver, particular
attention should be paid to any ruptured oesophageal
varices. On occasion, a gastric ulcer may be the source of
the haemorrhage. If there is reason to suspect that lung
tissue is the source of the haemorrhage, additional histological and serological examinations will be necessary
where no relevant syndrome was diagnosed antemortem.
Any skull fractures, injuries to the soft tissues in the head
and neck region and lung injuries that could be the origin
of blood aspiration must be established.
6. Petechiae: there may be minimal petechiae on the serous
membranes or none at all.
General findings See Section 21.1.6.

Differentiation between suicide, homicide,
accident and natural death
Suicide Chyme aspiration occurs primarily in suicidal intoxication due to heroin but also in the course of intoxication
caused by various tablets. Fatal blood aspiration is also observed
in suicidal cut throat injuries. Intensive blood aspiration is
occasionally diagnosed in suicidal decapitations by train impact.
In such cases, the blood aspiration is significant, not as the
cause of death but as a vital sign.

409

Homicide Complex blunt force trauma, particularly craniocerebral trauma, may ultimately result in vomiting with fatal
chyme aspiration. If people suffering from dysphagia are fed
too hurriedly, causing fatal aspiration of chyme, it could be
argued that this constitutes involuntary manslaughter. Blood
aspiration may also originate from craniofacial fractures or
injuries to the lungs. Stab wounds or incisions to the throat that
cut open the arteriae carotides and the trachea or the larynx at
the same time may lead to severe blood aspiration, which frequently constitutes the cause of death in conjunction with the
loss of blood.
Accident This generally applies to craniocerebral trauma
accompanied by vomiting and possible aspiration of chyme.
By comparison, fatal blood aspiration is less relevant to the
onset of death in accidents. Asphyxiation due to foreign body
aspiration in infants and small children may be considered
accidental.

21.1.10 Oxygen deficiency in tidal air
Normobaric/hyperbaric oxygen deficiency
Definition
This refers to asphyxiation due to the reduction of the O2 concentration in the tidal air at constant or decreasing barometric
pressure.

Forms
Reduction of oxygen concentration by expired air This constellation presupposes an enclosed volume of air available for
respiration. A self-contained volume exists where individuals
are imprisoned in sealed containers, virtually airtight pieces of
furniture or boxes. In the same way, placing a plastic bag over
the head also results in a virtually enclosed volume of air (Fig.
21.31). The limited volume leads to the repeated inhalation of
expired air, a process also known as rebreathing. As the CO2
content equals approximately 0.04% by volume in the atmospheric air and approximately 4.04% by volume in the expiration, the proportion in the inhaled air increases rapidly. At the
same time, the O2 content in the enclosed air volume decreases
constantly until it reaches the lethal concentration of approximately 10% by volume. The heightened CO2 content in the
inhaled air leads to an increase in the respiratory rate, accelerating the asphyxiation process. A similar pathomechanism occurs
in diving in the event of a malfunction in closed-circuit breathing apparatus.
Decrease in inspired oxygen partial pressure due to a reduction in barometric pressure If the barometric pressure falls
in either a normoxic or hyperoxic environment, the inspired
oxygen partial pressure may decrease due to hypoxic levels in
accordance with Dalton’s law of partial pressures. This occurs
in sealed hypobaric or hyperbaric pressure chambers and in
breathing appartatus used at altitude or in diving.
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deal older than individuals who may be involved in sexual
practices. Occasional deaths occur when individuals sniff specific substances inside the plastic bag to enhance stimulation or
intoxication (Polson and Gee 1972).

Classification of the circumstances
In virtually every case, the facts regarding the circumstances of
the death are essential for the overall evaluation. The circumstances are also relevant for the subsequent reconstruction
of events. However, since changes are made to the scene of
death in most cases for a variety of reasons, evaluation may
prove difficult. Where suicide notes and personal documents
such as testaments are laid out, this may constitute evidence of
a suicide. Occasionally, the sexual nature of the circumstances
is apparent.

Pathomorphology

Figure 21.31 Rebreathing – suicide using a plastic bag. There
were no relevant anatomical pathological findings.

Decrease in oxygen concentration by an influx of gases Possible causes include industrial accidents in which there is a
leakage of technical gases, thereby decreasing the O2 concentration of the atmospheric air. The formation of large quantities
of CO2 induces an O2 deficiency near the sources of fire. The
gases that accumulate or are fed into silos, wine cellars and
tanks can significantly reduce the O2 content, leading to rapid
asphyxiation in individual cases. It should be noted that, not
only does the influx of gas decrease the O2 content of the air,
but the gases themselves also have toxic effects. A CO2 concentration of 8% by volume and above is potentially lethal. In
operating theatres or emergency health care rooms, exceptional
cases may occur in which O2 gas cylinders are inadvertently
swapped with cylinders containing other gases, which could
cause asphyxiation.

Frequency/occurrence
According to studies in Berlin and Vienna (Pollak 1978; Lignitz
and Strauch 1986), cases of plastic bag asphyxiation occur with
a frequency of less than 0.3% in autopsy material. Fatalities due
to other types of normobaric hypoxia are extreme exceptions.
Right-to-die organisations propagate plastic bag asphyxiation
as a method of suicide. This form of death may also be observed
in cases of autoerotic activity. On average, suicides are a great

External findings
1. Plastic bag fatalities: it must be established whether the bag
is tied around the neck (see Fig. 21.31). However, asphyxiation may still occur if the bag is placed over the head and
left open at the bottom. The bag must be preserved to carry
out chemical–toxicological screening for substances on the
inner surfaces. Condensation on the inside of the bag does
not prove that exhalation took place in the bag as such
condensation may be produced postmortem (Sköld 1967).
2. Petechiae: these are rarely observed in the conjunctivae and
the skin of the eyelids, and may even be non-existent.
3. Injuries: injuries in all regions of the body, particularly
evidence of a struggle or defence injuries, must be taken
into consideration.
Internal findings See Section 21.1.6.
Additional examinations
1. Histological examinations: these should always be carried
out to eliminate pre-existing physical conditions.
2. Blood alcohol test: with regard to the overall evaluation,
this test must be carried out.
3. Chemical–toxicological analyses: these analyses are mandatory, both for the cadaver material and for any contents of
the bag.
4. Measurement of the gas concentration at the scene of
death: such measurements must be undertaken by specialists to corroborate the diagnosis of asphyxiation or, for
example, to consider a possible CO2 intoxication.

Differentiation between suicide, homicide,
accident and natural death
Suicide Of the above-mentioned asphyxiation mechanisms,
suicide by plastic bag asphyxiation would appear to be the most
common. However, the forensic medical findings may only
suffice to rule out any other traumatic violence, especially
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evidence of a struggle. When using this method, suicides occasionally take sedatives and antiemetics. In particular, the detection of antiemetics may support the hypothesis of suicide.
Homicide Isolated homicides have been documented in
which plastic bags were placed over the victim’s head (Polson
and Gee 1972). Perpetrators have been known to kill their
victims using another form of traumatic violence and then
place a plastic bag over their heads in the final stages of the
homicide. The medical findings in such cases cannot assist in
clarifying whether the plastic bag was of any relevance for the
ultimate onset of death. Homicide also includes cases of human
trafficking when individuals die of asphyxiation while being
transported in containers. Cases of homicide have been recorded
in which victims are shut inside cupboards or boxes, which are
then buried.
Accident Accidents with plastic bags occur in association
with autoerotic activities. The sexual nature is indicated only
by the circumstances at the scene of death. Accidents may
happen without any sexual aspect where individuals sniff solvents, for example, from plastic bags to attain a state of intoxication. In rare cases, small children asphyxiate after pulling a
plastic bag over their own heads. It is not possible to differentiate between an accident, suicide or homicide in every case of
plastic bag asphyxiation. Deaths in silos, accessible tanks and
airtight pieces of furniture almost invariably constitute accidental asphyxiation. The same applies to the leakage of technical gases in industrial incidents.
Natural death Occasionally, O2 deficiency may bring about
deaths by natural causes, particularly where there are preexisting physical conditions. For example, these conditions may
lead to cardiac deaths or fatal status epilepticus.

Hypobaric oxygen deficiency
Definition
This refers to asphyxiation due to the reduction of partial O2
pressure in the tidal air at constant O2 concentration.

Frequency/occurrence
This type of asphyxiation is very rarely observed. Fatalities only
occur at high altitudes, for example while mountaineering, in
cable cars, hot air balloons or aeroplanes. The decreasing partial
O2 pressure is responsible for altitude sickness. This involves
hypoxic pulmonary vasoconstriction, whereby the lungs’ ability
to absorb O2 is diminished. Moreover, a pulmonary oedema
develops due to hypertension. The body’s respiratory control
does not counteract the mechanism as it responds primarily to
the CO2 content of the blood, which however does not increase
due to decreasing air pressure.
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Isolated fatalities have been reported, which may apparently
be attributed to a failure of the pressure control system in an
aircraft. In the event of a sudden drop in cabin pressure at an
altitude of approximately 10 700 m, passengers are only capable
of self-rescue for 30–60 seconds. Incapacitation and subsequent
loss of consciousness may occur within a very short time.
Asphyxiation takes place immediately afterwards (Kowoll et al.
2006).

Pathomorphology
External findings No external findings are to be expected.
Internal findings Pulmonary oedema should be present in
altitude sickness.
General findings See Section 21.1.6.

21.2 Drowning
Philippe Lunetta
The difficulties in establishing the cause of death in bodies
found in water were mentioned in the oldest existing textbook
of forensic medicine Hsi Yuan Chi Lu (Sung Tz’u 1247). In
Europe, the first medicolegal textbooks (e.g. Paré 1575; Zacchia
1661) highlighted the value of findings such as frothy liquid in
the victim’s nose and mouth for the diagnosis of ‘in vivo’ submersion, as do modern studies. As early as the 1700s, the De
Renunciatione Vulnerum (Bohn 1721) cautioned about the lack
of diagnostic signs in some drowning, and the Corpus Iuris
Medico-legalis (Valentini 1722) included a paragraph on drowning with no inhalation of water, an issue still widely debated.
Nowadays, drowning is frequently defined as one of the
most challenging diagnoses in forensic medicine, although
some experts argue that diagnostic difficulties have been overemphasised. A survey conducted in northern Europe, including
1590 consecutive bodies found in water, has revealed that 60%
of the cases had no circumstantial information and postmortem morphological changes that would allow a definite diagnosis of cause of death (Lunetta et al. 2002). These figures support
the view that drowning is recurrently a diagnosis of exclusion.

21.2.1 Pathophysiology
Background
The current knowledge of drowning pathophysiology is based
on clinical observations, experiments conducted on human volunteers and on laboratory animals, and postmortem findings.
Understanding the pathophysiology of drowning is important
for forensic pathologists because factors such as the duration
of the drowning process, the volume of the liquid entering
the lungs, and the time at which cardiac arrest occurs can all
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influence postmortem changes detected at autopsy. Moreover,
pathophysiological changes occurring as a result of one’s
immersion are not detectable at autopsy but can lead to sudden
death or incapacitation in water followed by drowning.
Experimental studies performed during the 1940s and 1950s
with dogs stressed the effects of the osmolarity of the drowning
media on blood volume and serum electrolyte concentrations.
In freshwater drowning, the liquid penetrated into the circulation causing hypervolaemia, haemodilution, decrease of serum
electrolytes, haemolysis with K+ release and death by ventricular
fibrillation (VF). In seawater, conversely, the hypertonic media
pulled liquid from the circulation into the alveoli, causing
hypovolaemia and haemoconcentration with no haemolysis
and VF.
During the 1960s, Modell and associates demonstrated that
in humans liquid penetration into the organism causes no clinically significant electrolyte disturbances and that hypoxaemia
plays a primary role in death by drowning. It was estimated
that 85% of drowning victims aspirate less than 22 mL of water
per kilogram body weight. However, in peculiar environments,
electrolyte changes can be observed, for instance hypercalcaemia in the Dead Sea (Lunetta and Modell 2005).

Sequence of events
In humans, the drowning process begins when the victim’s
airway lies below the surface of the liquid, which leads to voluntary breath-holding. The victim may swallow water into the
stomach, especially when struggling to remain above water.
Through the drowning process, recovery and resuscitation, the
stomach content can be aspirated. During normal breathing,
values of PaO2 and PaCO2 are 11–14 kPa and 4.3–6.4 kPa,
respectively. Most people can tolerate a PaO2 of 8 kPa and a
PaCO2 up to 6 kPa. These levels are generally reached after
60–70 seconds under water. In élite apnoea divers, the underwater period can be prolonged to 110–180 seconds and intensive hypoxia training allows static apnoea dives longer than 10
minutes. Breath-holding can be very limited or even absent in
victims under the influence of alcohol who fall into the water
or in suicidal drowning victims who voluntary inhale water.
Breath-holding time can be influenced also by factors such as
panic and lung vital capacity (Bierens et al. 2013). Once breathholding breaks, the liquid enters the airways and triggers the
closure of the glottis and laryngospasm. During breath-holding
and laryngospasm, the victim does not breathe, which causes
hypoxaemia, hypercapnia, and respiratory and metabolic acidosis. Forceful inspiration against a closed glottis leads to pulmonary oedema. At this point, it is often stated that one of two
courses can occur. In 85–90% of cases, as hypoxia progresses
further, laryngospasm abates, and the victim actively inhales
liquid. In the remaining 10–15%, the victim does not present
evidence of water aspiration, allegedly due to protracted laryngospasm (Lunetta and Modell 2005). These final stages are,
however, debated and controversial (see the section on Dry
drowning).

Organ effects
The primary target for submersion injury is the lung. In humans
it seems that as little as 1–3 mL/kg can produce marked alterations in pulmonary gas exchange. Fresh water, which moves
across the alveolar–capillary membrane into the microcirculation, produces surfactant changes, which leads to a decrease
in surface tension, atelectasis and intrapulmonary shunts
with ventilation/perfusion mismatching. The drowning victim
develops hypervolaemia. In salt water, the hypertonic liquid
draws liquid from the vascular bed into the alveoli, causing
damage to the basement membrane, dilution and wash out of
surfactant, and reduction of compliance. The drowning victim
develops hypovolaemia. Systemic hypoxaemia, in both freshand saltwater drowning, causes myocardial depression, pulmonary vasoconstriction and alteration of pulmonary capillary
permeability, all of which further contribute to pulmonary
oedema (Giammona and Modell 1967; Modell et al. 1967).
The effects of liquid penetration on the cardiovascular system
are mostly due to hypoxaemia and acidosis. Hypoxaemiainduced catecholamine release leads to transient tachycardia
and hypertension, which are followed by bradycardia and hypotension as hypoxaemia intensifies. Hypoxia and acidosis elevate
the risk for arrhythmias including ventricular tachycardia,
fibrillation and asystole. However, depending on circumstantial
and individual factors, circulatory arrest may occur at any
moment, from the early phases of liquid penetration into the
upper airways, possibly as a result of a vagally mediated reflex,
until the late anoxic phases following laryngospasm resolution
and penetration of liquid in the lungs. Cardiac arrhythmias can
occur in water settings also due to reasons other than drowning.
For instance, a fatal cardiac arrhythmia can occur before
collapse into the water; a non-fatal cardiac arrhythmia with
syncope can be followed by collapse into the water and drowning; or a cardiac disease can trigger cardiac arrhythmias while
the victim is in the water (Bierens et al. 2013).
Brain death is the common final pathway of fatal submersion. Ischaemic damage can occur when the brain is deprived
of oxygen for more than 3 minutes. Under normothermic
conditions when victims are rescued and effective cardiopulmonary resuscitation (CPR) is applied within 3 minutes, resuscitation is generally successful. A window of approximately 4–6
minutes exists before irreversible neuronal damage occurs. By
the time 5–6 minutes have passed, although return of an effective heart beat is often seen, the majority of people will show
permanent hypoxic encephalopathic damage (Lunetta and
Modell 2005). However, notable exceptions to these timeframes
exist (see next section).

Cold shock and cold water immersion
A person who suddenly enters cold water can experience
breathing difficulties and failure to breath-hold, which may
result in swimming inability and liquid aspiration. This cold
shock leads to hypoxia and cardiac rhythm disorders, including
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VF. During prolonged immersion in cold water, when body
temperature decreases below 33°C, hypoventilation occurs;
between 28 and 30°C a decrease in heart rate and bradyarrhythmias occur and respiration becomes irregular; at a temperature
below 28°C, VF, severe bradycardia or asystole can occur, and
respiration may be difficult to detect. As to the central nervous
system, when body temperature decreases below 35°C, victims
become confused and disoriented, and below 30°C coma supervenes (Bohn 1999).
Hypothermia is a double-edged sword. During prolonged
immersion, hypothermia below 28°C increases the risk for fatal
arrhythmias. Conversely, rapid immersion in ice cold water can
have a protective effect on ischaemic damage of the brain and
heart since with the rapid temperature drop and metabolism
diminution, oxygen demand and carbon dioxide production
decrease. In children, due to the large surface-to-weight ratio,
immersion in water less than 5°C and cold-water aspiration can
cause a rapid core cooling below 30°C. This explains remarkable recoveries even after more than 30 minutes submersion.
The key factor in these cases stands on whether or not the brain
cools fast enough, before respiration and cardiac output cease
(Bierens et al. 2013).

Diving response and ‘autonomic conflict’
The diving response is a complex autonomous response that
includes apnoea, bradycardia and selective vasoconstriction. It
is activated by stimulation of the ophthalmic branch of the
trigeminal nerve following face immersion in cold water.
In diving mammals it is an endogenous defence mechanism
against hypoxia, but its protective role in humans is probably
limited (Bierens et al. 2013). The diving response may play a
detrimental role during immersion in cold water. The parasympathetically mediated bradycardia, which is induced by the
diving response, occurs simultaneously with the cold shock
response, which causes a sympathetically mediated tachycardia.
This coincidental stimulation of both divisions of the vagal
supply to the heart (autonomic conflict) results in positive and
negative chronotropic stimulation to the heart and can produce
a high incidence of arrhythmias (Shattock and Tipton 2012).
Recent experimental studies suggest also the role of two synergical vagal reflexes (diving response, fear-induced central
response), which may result in vagal overactivity, intense bradycardia and sudden death in water (Alboni et al. 2011).

Dry drowning
The volume of liquid inhaled varies in each drowning and
depends on factors such as the duration of laryngospasm, the
respiratory movements before death, and the time of onset of
cardiac arrest. Longstanding autopsy series reporting apparent
‘dry lungs’ in drowning suggest that death can occur with no
liquid aspiration into the lungs in approximately 10–15% of
drowning victims. Dry drowning has been explained by mechanisms such as protracted laryngospasm and vagally mediated
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cardiac arrest triggered by the contact of the liquid with the
upper airways. The concept of dry drowning has recently been
criticised. No concrete evidence exists that prolonged laryngospasm until death occurs during submersion. A postmortem
survey of definite drowning cases with apparent dry lungs has
revealed, in more than 98% of the cases, signs of liquid inhalation (Lunetta et al. 2004) (see the macroscopic changes in lungs
in Section 21.3).

21.2.2 Investigative approach
Establishing the cause and manner (accident, suicide, homicide) of death in bodies found in water requires an integrated
assessment of circumstances surrounding death, the victim’s
individual characteristics and postmortem findings. Pathological processes and injuries sustained before entering or while in
the water, as well as the effects of alcohol and other drugs, may
contribute to the events leading to death. Albeit the cause of
death, for example drowning, is determined, the manner of
death can remain undetermined.
Multiple challenges can arise during scene investigations
related to bodies found in water. In aquatic settings, the scene
is more volatile than it is on land, and it can extend to an
underwater environment. The initial scene should always be
considered suspicious, especially when the death is not witnessed (Table 21.3) and the reporting person(s) is the only
individual to have seen the victim in the water or when crossexamination of witnesses reveals apparent discrepancies.
Attempting to fit circumstances and a ‘solo’ witness report to
an accidental drowning can create ‘tunnel vision’, which leads
to biased investigations. Police officers and forensic pathologists
must actively cooperate but should not rely exclusively on each
other to detect any suspicious findings in order to perform
more specific investigations (Lunetta et al. 2013a).
Victim identification, evaluation of time of death and localisation of the site of death are crucial investigative steps, which
require the coordinated action of police investigators and
forensic pathologists. These investigations assist in linking a
victim, circumstantial information and postmortem findings to
the actual death.

Victim identification
Personal documents, clothing and other personal effects can be
damaged or lost in water. The primary identification meth
ods (fingerprinting, odonthology, DNA) apply also to bodies
retrieved from water. Fingerprinting ridge impressions can be
obtained even in cases of advanced skin maceration. However,
visual identification or fingerprinting can be hampered by anteor postmortem injuries such as dismemberment by boat propellers or by the perpetrator of a crime, or by postmortem
artefacts caused by aquatic scavengers. Mass disasters occurring
at sea, shipwrecks transporting clandestine immigrants as
well as bodies drifting from one country’s coast to another’s
are all additional challenges for victim identification. In mass
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Table 21.3 Percentage of eye-witnessed fatalities among 2125 water-related deaths in south Finland (1987–2012).

Site

Suicide

n

%

n

Undetermined

Homicide

Natural

%

n

n

n

%

n

%

%

%

Total

Sea

668

37.7

204

14.2

189

3.7

6

33.3

32

28.1

1099

27.2

Lakes

180

40.6

57

3.5

21

23.8

1

0.0

3

33.3

262

30.9

Rivers

101

47.5

87

24.1

52

3.8

5

60.0

4

25.0

249

30.1

Bathtub

54

0.0

79

0.0

4

25.0

1

4

–

142

1.4

Ditch

62

6.5

11

0.0

3

0.0

0

0.0

12

–

88

4.5

Pond

50

54.0

15

0.0

6

0.0

1

0.0

0

–

72

37.5

42

19.0

6

0.0

2

0.0

0

0.0

3

66.7

53

18.9

108

26.9

33

6.1

5

0.0

9

44.4

5

20.0

160

22.5

1265

34.9

492

11.0

282

5.3

23

43.5

63

22.2

2125

25.1

Swimming pool
1

Others
All
1

Accidents

100

Includes unknown sites.

disasters, Interpol Disaster Victim Identification forms should
be used to collect victims’ antemortem and postmortem data.

Postmortem submersion time
Forensic pathologists must use judiciously postmortem changes
occurring in bodies to assess the postmortem interval. These
changes are quite unpredictable and can progress rapidly during
the interval elapsing from the recovery of the body to the
autopsy. In most cases the postmortem interval corresponds to
the postmortem time of submersion. However, in homicides
that occur on land followed by disposal in water, the estimation
of the postmortem interval must take into account the different
course of postmortem changes on land and in the water. Postmortem changes occurring in bodies in water have been tabulated in terms of time and circumstantial variables, but the
value of these assessments is limited to local or regional
settings.

Early postmortem changes
Skin maceration is characterised by wrinkling, whitening and
thickening of the skin, which occurs first on the fingertips,
palms of hands and soles of feet (Fig. 21.32). Skin maceration
appears, in warm water, on fingertips generally within minutes
after exposure. In cold water, maceration changes appear later
on fingertips, for instance after 2–4 hours. Prolonged exposure
to water causes loosening of the nails and skin detachment from
the hands and feet in a ‘glove and stocking’ manner: in cold
water, this may take several weeks, but at warmer temperatures
only some days.
Hypostasis may appear in any pattern around the body due
to passive movements of the corpse in water or, conversely, can
be consistent with the head- and leg-down position the body
often assumes in water. In cold water, hypostasis may have a
reddish-pink appearance because the low temperature prevents
the reduction of oxyhaemoglobin.

Specific factors can influence the rigor mortis in aquatic environments. The victim’s muscular activity and contractions
before and during the drowning process can lead to its earlier
onset and stronger development. On the other hand, the observable development of rigor can be impeded by continuous water
movement. Grasping of marine material, due to rigor in hand
articulations, may yield material useful for investigations.
Since thermal conductivity of water is higher (20×) than that
of air, the cooling of a body in water is usually faster than a body
on land. Due to the rapid body cooling in water, the rectal
temperature can be generally used to estimate postmortem
interval only within the first hours of submersion. Factors such
as water temperature, currents and the victim’s clothing affect
significantly the constants of body-cooling formulas. Using the
Marshall and Hoare formula, it has been estimated that a naked
body in water cools as quickly as a naked corpse of half that
body mass on land in air of the same temperature.
The term ‘pink teeth’ refers to a pink discoloration of the
crowns and roots of the teeth. Pink teeth have been investigated
microscopically and biochemically. This chromatic change is
possibly linked to an increased venous pressure in the pulp due
to the head-down position of the corpse in the water, followed
by extravasation of erythrocytes, autolysis and diffusion of haemoglobin and its breakdown products into the dentin. This
change is not specific for drowning and has no utility in estimating the postmortem interval.

Advanced postmortem changes
Chromatic skin discoloration can appear, according to the position of a corpse in water, in any region of the body. At water
temperatures less than 5–6°C, no postmortem chromatic skin
changes may be evident even after weeks, while at 15–20°C
these can appear within a few days after death and be rapidly
associated with the detachment of large epidermal areas, hair
and nails. Putrefaction changes may occur slower in water than
in air due to the cooler water temperature, but once the body
floats or is ashore, decomposition develops rapidly.
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Adipocere is a waxy decomposition product formed from
bacterial hydrolysis and hydrogenation of fat tissue, which
occurs in bodies under water or in moist soil, in a warm
and anaerobic environment. Adipocere biochemistry has been
extensively investigated (Takatori 2001). Adipocere appears
usually after approximately 3 months postmortem, but some
case studies have shown its early formation within 3–4 weeks.
Late decomposition is influenced by factors such as water
temperature and bacterial content, and the victim’s injuries.
Algal colonisation gives soft tissues a green or black discoloration. Body colonisation by marine scavengers can start before
the onset of putrefactive changes. Later scavengers cause postmortem artefacts, which can modify existing injuries and
mimic antemortem lesions, and quicken the course of the
body’s skeletonisation. The corpse’s movement in the water
enhances joint disarticulation: limbs disarticulate first distally
due to the higher torsion forces and sinovial joints such as the
shoulder are disconnected before fibrous joints such as intervertebral ones (Haglund 1993).

Site of death
The site of death can be close to the place where the body is
found, a remote aquatic setting, or, in the case of the cadaver’s
disposal in water, dry land. Awareness concerning the behaviour of human bodies in water is crucial for the assessment of
the site of death.

Cadaver buoyancy
(b)

(c)
Figure 21.32 Skin maceration of the hands in drowning victims.
The chronology of these changes depends upon different factors,
primarily the temperature of the water in which the corpse in
submerged. Postmortem submersion times in these cases were:
(a) 3 days (water temperature 5–6°C), (b) 6 days, (water
temperature 5–6°C) and (c) 9 days (water temperature 6–7°C).

The buoyancy of corpses follows basic laws of physics and
depends on environmental and individual factors (Fig. 21.33).
A human body immersed in a liquid is, according to Archimedes’
principle, under the action of the body weight, which exerts a
downward force, and the buoyancy force, exerted upward on
the body by the liquid displaced. When the body specific gravity
is lower than that of the liquid, the corpse floats, and the reverse
is true when the body density is higher than the liquid. The
specific gravity of seawater on the surface is 1.020–1.030,
whereas that of fresh water is 2–3% lower. The overall specific
gravity of a healthy adult ranges from approximately 1.035 to
1.110. The specific gravity of the skeleton is approximately 1.97
but that of adipous tissue 0.94 (Lunetta 2005).
A study on living male volunteers disclosed that all the
bodies could float in fresh water and seawater at total lung
capacity, while at functional residual capacity, 69% could float
in seawater and only 7% in fresh water (Donoghue and Minnigerode 1977). Therefore, as the lung volume of a recently
dead body can be assumed to be at functional residual capacity,
it is obvious that, depending on individual and environmental
factors, immediately after death some cadavers tend to float and
others sink. Buoyancy is enhanced by factors such as high water
salinity and high content of adipous tissue in the body, and
clothes that trap air around the body. Due to the air content
and low specific gravity of the trunk, the floating corpse often
assumes a head-down position with the limbs toward the
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(a)

(b)

(c)
Figure 21.33 Buoyancy of a body in water is affected by environmental and individual factors. Some bodies sink immediately after
death, others float. (a) Often, when floating, a body assumes a head-down position with the limbs towards the bottom due to the air
content and low specific gravity of the trunk. (b) The clothes may, however, affect buoyancy by trapping air around the body, and the
body structure may also affect floatation, so that bodies may assume a supine position in water. (c) The victim floated in an almost
erect position due to his wearing a cyclist helmet that provided buoyancy.

bottom. In some cases, however, a corpse may float face upwards.
Often a foot enclosed in a floatable trainer is the most buoyant
disarticulated part of a human skeleton.
When postmortem putrefactive gas develops, the corpse
resurfaces and floats, again with the back exposed and a great
part of the head and limbs below the surface. In warm climates,
rapid production of postmortem gases may cause the body to
resurface within 2–3 days after death. Even if the body is secured
to a heavy weight, putrefactive gases may cause the body to
ascend to the surface. In one case, the victim tied himself to a
40 kg anchor on a small boat, shot himself in the head, fell into
the water, sunk and drifted close to the bottom of the sea for
several hundred metres and eventually resurfaced 3 weeks after
death. Conversely, in a cold environment (e.g. high latitudes,

mountain lakes), postmortem changes can be markedly delayed
and the corpse can lie at the bottom for up to several months
or, at times, does not resurface at all (Lunetta et al. 2013a).

Cadaver drifting
The drifting of a body on the water surface can occur during
the buoyancy phase following death or later once the corpse has
resurfaced. It depends on several factors, including currents,
tides, waves and winds.
Floating corpses can drift hundreds of kilometres away from
the point of entry into water in a relatively short period of time.
For instance, two bodies drifted for over 500 km following the
Gulf Stream from Denmark and Scotland to the Norwegian
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Upper airways

coast respectively in 28 days and 4.5 months. Corpses drifted
from a river in Portugal, following Atlantic Ocean currents, to
the Spanish coast 380 km away in only 60 hours. Another body
drifted in the Mediterranean Sea more than 300 km in 2 weeks.
A survival suit containing a human skeleton was adrift for
2 years starting from Washington state before being washed
ashore in Hawaii (Lunetta et al. 2013a). Computerised models
may be used to predict the trajectories of corpses, set areas and
time limits for the search, estimate the origin of floating
remains, and estimate postmortem interval (Carniel et al.
2002).
In contrast to marine environments, in the still water of
lakes, human bodies often end up near the drowning location,
unless the bodies reach a flushing site or lie near the turbulences
caused by vessels. As to fluvial environments, in general, the
corpse sinks, moves along the bottom and ascends to the
surface. Surface drifting depends on currents that flow downstream in the middle of the river and on secondary currents
flowing toward the banks. Human bodies tend to resist downstream movements unless located in the centre of the river
(Lunetta et al. 2013a).

The penetration of drowning media into the respiratory system
causes a reactive pulmonary oedema. The mixture of drowning
liquid with oedema, pulmonary surfactant and bronchial secretions produces a frothy liquid, which, under respiratory movements, can protrude from the respiratory orifices (Fig. 21.34a).
The external foam is one of the most valuable findings in
drowning, but it does not always occur during the drowning
process. Moreover, even when it does develop, it can be washed
out while the body is in the water, or it can disappear during
resuscitation procedures or during the interval between retrieval
of the body and external examination. Frothy liquid in the
airways (Fig. 21.34b) may also occur in deaths other than
drowning, such as drug intoxication or cardiogenic shock.

Lungs
In drowning, the lungs are often overdistended and occupy
most of the pleural cavity, and may display overlapping of the
anterior margins (Fig. 21.34c). The lung surfaces are usually
mottled, with red and grey areas. The liquid content can be
pronounced (emphysema aquosum), but this is not always the
case. Subpleural haemorrhages (Paltauf ’s spot) are inconstant
and not specific for drowning. The volume of pleural effusion
in drowning is widely variable and it may increase during the
postmortem interval. Pleural adhesions generally conceal pulmonary changes.
Lung weight has little diagnostic significance because of the
frequent overlap between drowning and control values and
wide individual variations regarding the normal range of lung
weight (Lunetta and Modell 2005) (Table 21.5). The hypothesis
that death can occur without liquid aspiration has been linked
to the observation at autopsy of drowned people of apparently
normal lungs with no aqueous emphysema. These ‘dry lungs’

21.2.3 Postmortem diagnosis
Macroscopic changes
The main macroscopic changes associated with drowning –
external foam visible at the mouth and nostrils, frothy liquid in
the airways and lung overexpansion – are related to the penetration of liquid into the airways. In a survey performed in Finland
on 1590 bodies found in water, these three changes were found
in only 17.3%, 46.5% and 42.1% of the cases, respectively
(Lunetta et al. 2002). Moreover, these changes are not specific
for drowning and, even when they do develop, they fade progressively during the postmortem period (Table 21.4).

Table 21.4 Postmortem submersion time and percentage of main postmortem macromorphological findings of drowning in south Finland
(1987–2012).
External foam

Frothy liquid
in airways

Overlap of lung
margins

n

%

n

%

n

%

1111

272

24.5

568

51.1

529

47.6

Postmortem submersion time
Certain1 (n)

Total (n)

<1 day

1111

–

1–6 days

150

336

486

93

19.1

181

37,2

210

43.2

7–30 days

45

170

215

7

3.3

18

8.4

38

17.7

1–3 months

14

76

90

4

4.4

6

6.7

13

14.4

3 months to 1 year

11

110

121

0

–

0

–

0

–

>1 year

0

8

8

0

–

0

–

0

–

1331

700

2031

376

All
1

Estimated (n)

Approximation ± 24 hours.

18.5

773

38.1

790

38.9
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(a)

(c)

(b)

Figure 21.34 Macroscopical findings in drowning victims: (a) external foam protruding from respiratory orifices, (b) frothy liquid in the
airways and (c) overdistension of the lung(s) with overlap of the anterior margins. These findings, however, are not always detected
and are not specific for drowning.

Table 21.5 Combined weights of lungs and pleural exudates in witnessed drowning1 and control groups.

Fresh body:
In seawater
In fresh water
Decomposed bodies
Control on dry land, fresh body:
Asphyxia
Acute myocardial infarction
Drug intoxication
Head trauma (gunshot)
1

n

Mean (g ± SD)

Maximum (g)

Minimum (g)

<1000 g(%)

205
111
94

1424 ± 396
1418 ± 395
1433 ± 398

3311
3311
3010

483
483
748

11.7
9.9
13.8

1191 ± 417

3030

510

35.8

±
±
±
±
±

2036
2030
2010
2036
1897

480
690
739
675
480

28.0
33.3
24.0
14.0
36.0

81
200
100
50
50
25

1230
1199
1286
1315
1155

322
302
318
300
364

Adults with no pre-existing pulmonary pathologies, resuscitation manoeuvers following drowning or postmortem treatments.
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have been reported in approximately 10–15% of all drowning
victims. Recent studies, however, have suggested that apparent
‘dry lungs’ can be associated with liquid penetration. In a series
of 578 adult drowning victims with no putrefaction changes,
120 subjects had a total lung weight of <1000 g; external foam
was found in 35%, frothy liquid in 72.5% and overdistension
in 70% of the cases. Based on macromorphological findings,
the absence of liquid penetration was recorded in less than 2%
of the cases, and the number of negative cases decreased further
when accounting for diatoms in the lungs (Lunetta et al. 2004).
The penetration of liquid into the lungs of bodies submerged after death who died from causes other than drowning
has been addressed using hyperbaric chambers. In these studies
pulmonary overexpansion mimicking drowning changes were
observed in the function of pressure and time (Reh 1970).

Other organs
Temporal bone Gross haemorrhages in the temporal bone
can be observed in drowning victims but are detected also in
deaths other than by drowning. Microscopically, the haemorrhages are localised in the mucosa of the middle ear or mastoid
cells. Barotrauma, penetration of liquid into the middle ear via
the Eustachian tube and increased venocapillary pressure due
to respiratory efforts have been all hypothesised as pathogenetic
mechanisms.
Sinuses Aqueous liquid in the frontal, ethmoidal, maxillary
and sphenoidal sinuses is considered to be simply a sign of
immersion in water, since liquid may reach the sinuses after
death. A survey of 387 freshwater drownings revealed liquid in
the sphenoidal, maxillary or paranasal sinuses in 75% of the
cases, whereas among 50 controls only one had liquid in the
paranasal sinuses (Hottmar 1996). Conversely, another study
showed that 92% of drowning victims had liquid in the sphenoidal sinuses, but positive results were also found in 52% of
the controls (Bohnert et al. 2002).
Spleen Observation of a small spleen in victims of drowning
dates back to the 19th century (Reh 1970). In a series of 42
victims of freshwater drowning, the spleen weight was lower
than in matched controls, with half the spleens being of a
weight under the lower limit of controls (Haffner et al. 1994).
The value of the spleen weight as well as that of the weight
ratio of the lungs and pleural effusion to the spleen, defined
by some authors as the ‘drowning index’, is questionable due to
the wide variation of lung and spleen weight in the autopsy
population.
Muscles Haemorrhages have been observed in the neck, trunk
and upper extremity muscles, probably as vital sequelae of
agonal convulsions, muscle contractions and increased central
venous pressure during the drowning process. Such haemorrhages, studied prospectively, have been detected in up to 51%
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of drowning victims (Püschel et al. 1999). Awareness of the
occurrence of such haemorrhages is crucial to differentiate
them from those caused by external violence.
Gastroenteric tract Up to the 19th century, a wide range of
studies addressed the penetration of drowning liquid in to the
stomach and bowel. A certain consensus exists nowadays about
the unreliability of this finding for the diagnosis of drowning.
However, in specific cases, for instance disposal of bodies on
land after drowning or drowning at birth, evidence of water
swallowing and analysis of its content can provide crucial information. Lacerations of the gastric mucosa are at times associated with drowning, but their frequency and aetiology are
controversial.

Microscopic changes
The light microscopy changes associated with drowning are
unspecific: foci of acute lung emphysema with overdilatation
of alveoli, thinning and lacerations of the septa, capillary
congestion, intra-alveolar oedema and haemorrhages. Various
water-borne particles can be, at times, detected in the bronchioli and alveoli (Fig. 21.35).
At the beginning of the 1970s, acute lung emphysema in
drowning was classified in to four stages based on the degree
of distension and rupture of the alveolar septa, changes in their
reticular fibres and compression of septal capillaries (Reh
1970). However, the lack of homogeneity of these changes
across the parenchyma, and their variation due to factors such
as the duration of the drowning process, the depth at which the
body was submerged and postmortem artefacts, limits the practical utility of this classification.

Surfactant
Pulmonary surfactant is a lipoprotein complex synthesised
by the alveolar type II cells, which reduce the surface tension
at the air–liquid interface. During the 1990s experimental
studies showed that in endobronchial lavage the proportion of
lung surfactant phospholipids (LSPs) differed significantly in
drowned and controls, and between fresh- and saltwater drownings (Lorente et al. 1990). However, postmortem artefacts affect
LSPs even a few days after death.
Surfactant can have either a linear pattern on the alveolar
wall surface or an intra-alveolar granular pattern. Intra-alveolar
surfactant-associated protein A (SP-A) aggregates have been
observed more frequently in freshwater drowning (Zhu et al.
2002). Some studies have addressed the responsiveness of
SP-A1 and SP-A2 genes by using reverse transcriptase polymerase chain reaction (RT-PCR) assays of SP-A1 and SP-A2 mRNA
transcripts in lung tissue. The SP-A1/A2 mRNA ratio seems to
be higher in drowning than in controls, especially in fresh water,
but a high ratio is also observed in other asphyxia deaths (Ishida
et al. 2002).
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Analytical morphometry
Pulmonary changes in drowning are distributed heterogeneously in the parenchyma. Only investigation of an adequate
number of samples can yield a representative picture of the
overall changes. Computer-assisted morphometry has been
applied in drowning studies occasionally, using a range of variables including the total length and mean thickness of the
alveolar walls, and the number and mean area of the alveolar
cavities (Fornes et al. 1998; Kohlhase and Maxeiner 2003).

Electron microscopy

(a)

Ultrastructural studies, mostly experimental, have been
performed on drowning cases by scanning (SEM) and transmission electron microscopy (TEM). SEM studies have demonstrated tracheal cilia damages and, in lungs, alveolar
dilatation, atelectasia, lacerations of type I alveolar cells, exposure of underlying capillaries and marked damages of villi in
type II alveolar cells (Torre and Varetto 1985).
In TEM studies, in freshwater drowning, the most striking
features include interstitial oedema, fragmentation of the
plasma membranes of alveolar and endothelial cells and
hydropic changes in the intracytoplasmatic organelles. In
seawater, invaginations of cell membranes producing fingershaped blebs (villous transformation) are generally observed
(Püschel et al. 1983).
TEM, X-ray microanalysis and fluorescence microscopy
have demonstrated that tracers with smaller diameters penetrate intercellular gaps in the alveolar epithelium, whereas
larger tracers are incorporated into the epithelial and endothelial cells by active pinocytosis (Bajanowski et al. 1998a).

(b)
Figure 21.35 (a) Abundant heterogeneous water-bourne
particles within the distal airways of a drowning victim who,
while under the influence of alcohol (2.4‰), fell from a boat into
a lake (phase contrast, scale bar 400 μm). (b) A detail at higher
magnification of the foreign particles, with a well-recognisable
diatom (Aulacoseira sp.) (scale bar 20 μm).

Alveolar macrophages
An immunohistochemical study has revealed fewer alveolar
macrophages in drowning cases than in controls, possibly due
to a wash out effect of the drowning liquid (Betz et al. 1993).
Myelomonocytes seem to be increased in drowning cases in the
intra-alveolar and interstitial compartments, but wide variation
exists from one case to another (Brinkmann et al. 1997). Alveolar macrophages have been detected in the left heart blood of
drowning victims possibly following their passage into the circulation after rupture of the alveolar wall.

Laboratory methods
Physical, chemical and biochemical blood changes have been
investigated for over 100 years in order to study the pathophysiology of drowning and to find reliable criteria for its postmortem diagnosis (Lunetta and Modell 2005). Laboratory methods
have their rationale in the shift of liquid and electrolytes
through the pulmonary air–blood barrier, which may cause
blood volume and electrolyte changes as well as the penetration
of exogenous substances (e.g. plankton, bacteria). The potential
of these methods is, however, limited by the variable characteristics and volume of the drowning liquid, and hampered by
postmortem biochemical instability and contamination.
Extensive reviews of early studies on laboratory methods for
the diagnosis of drowning are available (Reh 1970). During the
last decades many studies have disputed the values of these
methods, but some others have reiterated their potential. In
reality, most laboratory methods are considered of limited
practical utility and are not routinely used for the diagnosis of
drowning.
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Exogenous substances

Artificial tracers

The drowning media penetrating into the airways contain
numerous solutes, including electrolytes, planktonic elements
and microbes, which eventually enter the blood stream. The
most widely studied markers of the drowning media are
diatoms, which will be considered in detail below. Different
microbiological methods for the diagnosis of drowning have
been also tested.
Strontium (Sr) remains one of the most studied exogenous
ionic tracer for drowning, due to its high seawater : serum concentration ratio. In human drowning, significant biventricular
Sr differences, higher than 70 μg Sr/L, can be observed (Azparren et al. 1994). When considering the diagnostic potential of
Sr analysis it should be noted that [Sr] is higher in seawater
than fresh water and it differs widely among geographical areas.
Moreover, postmoretem contamination in Sr-rich water is possible, especially in cases where the victim’s corpse has advanced
postmortem artefacts.

Penetration of the drowning medium has been studied experimentally with a variety of tracers. Chromatic substances or
radio-opaque media furnish only qualitative data. Many isotopic tracers are unreliable for quantitative studies because of
their selective permeability at the pulmonary level and their
affinity for tissues or compounds. Tritium (H3) distributes uniformly into the H2O molecule and has no selective permeability
and/or tissue affinity. H3 has been used in a few experimental
quantitative studies on penetration of drowning media into the
organism.

Diatom method
The diatom test for the diagnosis of drowning is based on the
assumption that diatoms reach the lung with the inhalation of
liquid (Figs 21.36 and 21.37) and, if valid cardiocirculatory
activity exists, disseminate through the blood stream to closed

(a)

(b)
Figure 21.36 Freshwater diatoms recovered from a lung specimen after acid digestion. (a) Stauroneis phoenicenteron (scale bar 10 μm).
(b) Fragilaria ulna (contrast phase, scale bar 10 μm,) and, in the right lower corner, a small Cymbella sp. Among the diatoms that reach
the distal airways, those that penetrate the alveolar–capillary barrier and reach the peripheral organs constitute a subgroup of smaller
size.

422

PART III   TRAUMATOLOGY AND VIOLENT DEATH

organs. Concerning the number of diatoms reaching closed
organs, some authors speak in terms of dozens and others of
single diatoms. While some authors have set the diagnostic
limit at 20 diatoms/slide per 100 μL pellet for lungs and 5
diatoms/slide per 100 μL for internal organs as a reliable criteria
for the diagnosis of drowning (Ludes et al. 1999), others have
proposed separation values up to 20–40 diatoms/5 g in bone
marrow (Hürlimann et al. 2000).

False positives

Figure 21.37 A diatom (Thalassiosiria baltica) on the external
surface of the pleura in a cadaver with advanced postmortem
changes (experimental conditions, SEM ×2000).

organs. Conversely, if a corpse is submerged after death, diatoms,
due to the lack of cardiac activity, will not be transported to
closed organs. SEM and TEM studies have demonstrated the
penetration of diatoms from the alveoli into the blood stream
during experimental drowning (Lunetta et al. 1998).
Diatoms are eukaryotic unicellular or colonial algae, which
are detectable in water, air and soil. The diatom’s cell wall contains a high quantity of silica and comprises two interconnected
units (valves). Diatom sizes range from 2 μm to over 500 μm,
but those passing from the lungs into the blood stream generally have a size <60 μm. The valve structure represents the basis
for taxonomic classification. It has either a pattern of radial
symmetry or an elongated one, which provides the first distinction between centric and pinnate diatoms. Quantitative analysis
and taxonomic comparison of diatoms in the putative drowning media and the victims’ organs can assist in the diagnosis
of drowning, in differentiating between fresh- and saltwater
drowning, in estimating the site of drowning and in excluding
sources of contamination.

Controversies
Contradictory opinions exist concerning the diagnostic value
of diatoms in the lung, the size of diatoms penetrating the
alveolar–capillary barrier, the number of diatoms penetrating
the alveolar–capillary barrier and, most importantly, the issue
of false-positive cases. Some authors state that when diatoms
are found in the lungs but not in closed organs, the possibility
of a passive penetration cannot be excluded, while others
suggest that a diagnosis of drowning can be made when a sufficient number of diatoms are found (e.g. >20 diatoms/slide).
As to the size of diatoms, some investigators report the penetration into the blood stream of diatoms up to 100–160 μm in
size, whereas others found only diatoms <30 μm in closed

The main critique of the diatom method is the finding of
diatoms in non-drowned corpses. Due to the ubiquity of
diatoms, false positives can be related to antemortem penetration, postmortem penetration during submersion or contamination during sample collection and preparation.
Gastroenteric absorption may, in principle, occur as a result
of ingestion of diatom-laden beverages or food such as vegetables and shellfish. Investigations performed during the 1960s
on gastroenteric absorption of diatoms using animals fed with
diatom suspensions have revealed some diatoms in internal
organs, but others studies yielded negative results. Antemortem
contamination may also, in principle, be due to diatom inhalation, which may involve aerophilic species, or be a consequence
of repeated swallowing or aspiration of water by divers or
swimmers.
Postmortem diatom penetration may occur during postmortem submersion at high hydrostatic pressure, and through
antemortem wound and postmortem artefacts. Experimental
studies suggest the possibility of contamination, related to the
postmortem submersion time and depth as well as during postmortem submersion of isolated bones. Data on humans are
much scantier than for animals due to the lack of systematic
studies on bodies submersed after death where the death
occurred on land.
Quantitative data on diatoms in organs of the non-drowned
are contradictory. Most studies report few diatoms in the
peripheral organs of the non-drowned and studies performed
with protocols aiming to avoid postmortem contamination
found no diatoms in control cases (Auer and Möttönen 1988;
Ludes et al. 1994). A study from Denmark, published in the
1980s, reported in non-drowned bodies up to 194 valves/cm3
in the lung, in liver up to 54, in kidney up to 53, and in bone
marrow up to 17 valves/cm3 (Foged 1983). This study is repeatedly cited in the medicolegal literature, although it is based on
only four non-drowned corpses, the results have never been
reproduced and the number of diatoms recovered is rarely
found even in actual drowning cases.
Contamination may also arise during the entire sequence of
diatom preparation, from tissue sampling at autopsy to sample
mounting onto the slide. Careless sampling procedures may
yield contamination from the body surface or between different
organs during autopsy. Throughout sample collection and
preparation, air, instruments, gloves, paper, water supplies, reagents and glassware are all potential contamination sources.
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Sample preparation
The procedure for diatom analysis includes water sampling
from the putative drowning site, tissue sampling under sterile
conditions from victims at autopsy, tissue destruction to
collect diatoms, diatom concentration and specimen analysis
by light microscopy. The collection of samples from putative
drowning media should be performed during the recovery of
the body, using sterile receptacles to be stored at 4°C, whereas
samples from putative drowning victims are collected sterilely
at autopsy from the brain, lungs, liver, kidney and bone marrow.
The isolation of diatoms from internal organs requires the
complete destruction of the organ tissues to be examined.
The most commonly used techniques for tissue digestion are
based on the use of nitric or sulphuric acid, enzymes (proteinase K) or solubilisers (Soluene 350). Once digestion is performed centrifugation cycles concentrate the diatoms and
remove all traces of acid, the supernatant being replaced each
time with distilled water. For light microscopy, a drop of suspension is dried onto a slide and the sample is mounted using
a synthetic resin such as Naphrax. To minimise risk of contamination, bi- or tri-distilled water must be used, and reagents and
chemicals must be regularly tested for contaminating diatoms.
Bottles and flasks must be appropriately cleaned and replaced
regularly because glass irregularities may host diatoms. Paper
materials must be avoided because of their potential diatom
content.

Selected remarks
Some concepts should be clear after these paragraphs on the
diatom method. The lack of standardised protocols for quantitative and qualitative diatom analysis makes any comparison
between most of the previous studies virtually impossible. The
diatom content of the drowning media, the aliquot of tissue
analysed and the extraction procedures are all among the variables – details of which are not always available – which may
substantially influence results. Most studies to date have been
performed by forensic pathologists who lack any expertise in
diatomology.
The mere finding of a few diatoms in a human body does
not establish a diagnosis of death by drowning. Acceptable
results that overcome the criticisms which have been levelled
against the test depend on the sample analysis being performed
by experts in diatomology, the taxonomical concordance
between diatom content in the body and putative drowning
media, and the adoption of a strict protocol to avoid contamination during sample preparation. The absence of diatoms in
a body equally does not allow the exclusion of drowning as the
cause of death. Negative results can be related to low diatom
concentrations in the drowning media, a low volume of inhaled
liquid, diatoms being lost during sample preparation and an
insufficient volume of tissue sampled at autopsy (Lunetta and
Modell 2005).
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Research trends and emerging
diagnostic methods
During recent years, various studies have been performed to
reassess previous studies or to investigate new methods and
markers for the diagnosis of drowning – from pulmonary surfactant changes and activation of lung aquaporines to extraction of bacterial and planktonic DNA and RNA from internal
organs. Further investigations are needed to validate these
studies and assess their actual potential. Imaging technologies
(computed tomography (CT), magnetic nuclear resonance
(MNR)) are increasingly used in postmortem investigations.
Their utility is evident in scuba-related fatalities and is being
evaluated in other drowning cases as well. Molecular autopsy
in victims of unexplained drowning are being expanded to gene
mutations others than those responsible for the long QT syndrome (LQTS).

Electrolytes
Experimental and human studies on electrolyte changes have
recently focused on matrices such as pleural effusions (Matoba
et al. 2012) and vitreous humour (Byard and Summersides
2011). Biventricular strontium differences (Pérez-Cárceles et al.
2012) have been reassessed and new studies on a range of biochemical findings (Maeda et al. 2009) performed. Energy dispersive X-ray fluorescence spectrometry (EDX) has been tested
for bromide detection in blood (Takahashi et al. 2010).

Microbiological tests
Experimental and case studies have verified the possibility of
identifing aquatic microorganisms, including bacteria and
algae, in different matrices such as blood, lung swabs and internal organs. Microorganisms can be detected by incubation in
selective media or by various PCR techniques. In addition to
DNA fragments specific for some aquatic bacteria, the 16S
ribosomal RNA gene (16 rDNA) has been repeatedly used as a
target for bacterial and planktonic elements (He et al. 2008; Tie
et al. 2010; Huys et al. 2012; Kakizaki et al. 2012).

Diatoms
Several recent contributions have once again stressed the potential or limits of the diatom method or have addressed issues
related to diatom extraction from different matrices. Two noteworthy studies, performed with standardised protocols, have
testified the absence or sporadic presence (<1 diatom/body) of
diatoms in non-drowned corpses (Bortolotti et al. 2011; Lunetta
et al. 2013b). These values are clearly below the cut-off values
recommended for the diagnosis of drowning (see Controversies
above). A protocol for the simultaneous detection of diatoms
and other microalgae, based on proteinase K and chemical
digestion, has allowed the simultaneous detection of diatoms,
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dinoflagellates, silicoflagellates and chlorophyte (Díaz-Palma
et al. 2009).

Aquaporins
Aquaporins are a family of homologous water channel proteins.
They have been investigated in experimental drowning and
case studies by immunohistochemical methods in the lungs,
brain and kidneys (An et al. 2011) and by intrapulmonary
gene expression (Hayashi et al. 2009). Preliminary results
emphasise the potential of aquaporins in differentiating antemortem from postmortem submersion and freshwater from
saltwater drowning.

Molecular autopsies
Long QT syndrome can be responsible for drowning in healthy
and good swimmers but its actual incidence among drowning
victims is unknown. A survey, which has evaluated LQTSrelated KCNQ1 and KCNH2 mutations in 165 consecutive
drowning victims, revealed only a single positive KCNH2 mutation (Lunetta et al. 2003a). This series focused only on a few
founder mutations, however in Finland these are responsible
for 30–35% of genetically determined LQTS. More in-depth
studies have targeted highly selected cases. These investigations

(a)

have been performed by means of DNA sequencing and comprehensive mutational analysis on major LQTS-related genes
(KCNQ1, KCNH2, SCN5A, KCNE1, KCNE2) and by a targeted
analysis of RYR2-encoded cardiac ryanodine receptors associated with cathecolaminergic polymorphic ventricular tachycardia (CPVT). Out of 28 swimming-related drowning, two cases
with KCNQ1 mutations and six with RYR2 mutations were
detected (Tester et al. 2011).

Forensic radiology
All major changes associated with drowning can be detected
using postmortem CT. CT allows the detection of frothy liquid
in the airways, liquid in the sinuses and mastoid cells, and distension of the stomach and duodenum due to swallowed water
(Fig. 21.38). In the lungs, a typical finding is ground-glass
opacity with a mosaic pattern representing hypo- and hyperperfused regions. CT may assist in identification of bronchospasm and, in fresh water, haemodilution, which is impossible
during a classic autopsy (Levy et al. 2007; Christe et al. 2008).

Other studies
Recent studies that may have practical implications have
addressed the use of postmortem transnasal endoscopy to study

(b)

Figure 21.38 Computed tomography scan in a newborn showing inflated lungs and pulmonary changes compatible with liquid aspiration
(a) and presence of liquid in the stomach (b). The neonate was found on dry land and was allegedly born dead. The CT scans, autopsy
findings and diatom analysis, however, demonstrated that the newborn was born alive and died by drowning.
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the airways at external examination (Asamura et al. 2012) and
haemolytic staining of the aorta at autopsy, which can appear
in some freshwater drownings (Tsokos et al. 2008). Petechial
haemorrhages in the periorbital region and in the conjunctiva
are observed very rarely in drowning, but surprisingly these
changes were reported in as many as 13% of the cases in a series
of paediatric drowning (Somers et al. 2008).

21.2.4 Contributing causes of drowning
Apart from straightforward drowning, medical conditions,
injuries and intoxications may trigger the drowning episode,
for instance by causing the victim to fall into the water from a
boat or bank, or by rendering him or her unconscious or unable
to swim.
Alcohol is considered the most important single risk factor
for drowning. Most studies report 25–50% of drownings to
involve alcohol. However, the percentage of autopsy and toxicological analysis in drowning cases varies widely, even within
high income countries. In Finland, where a medicolegal autopsy
is performed in all drowning cases and forensic toxicology in
more than 90%, over 70% of unintentional drowning victims
aged 15- to 64 years have a blood alcohol concentration of
≥0.5 g/L (Lunetta et al. 2013c). A recent nationwide survey conducted on 2828 consecutive drownings revealed one or more
psychotropic drugs in 25.7% of unintentional drownings, in
64% of suicides by drowning and in 36.4% of homicidal drowning (Lunetta et al. 2011).
As to medical conditions, chronic – mostly cardiovascular –
diseases are a common finding in the adult and elderly autopsied drowning population. When no acute changes are detected
at autopsy, it is very challenging to assess the actual role of
chronic diseases in the events leading to drowning.
Bodies found in water may have injuries sustained before or
during the events leading to death. The victim can sustain any
injury before entering the water, for instance by striking objects
such as cliffs, or part of a bridge or boat. Injuries due to impact on
the water surface – generally caused by falls from a great high –
include bone fractures and lacerations of internal organs. The
impact of a victim on the bottom of a shallow water body can
cause head and neck injuries. Victims can also sustain injuries
while in the water, for instance by being struck by a boat or
attacked by marine predators. Boat propellers produce deep incision wounds on the body, amputation or even dismemberment.
The differentiation between ante- and postmortem injuries
sustained before entering or while in the water can be very
challenging. Bleeding can be washed away after death and, later,
advanced decomposition can mask crucial injuries, such as ligature marks and petecchiae, cutting or gunshot wounds. Postmortem lesions observed on submersed bodies include injuries
produced before cadaver disposal (e.g. dismemberment), produced while the body was in water (e.g. dashing against rocks,
propeller injuries) as well as artefacts produced during the
decomposition process (e.g. by aquatic life predation). Some
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positions of the body in water draft movements in shallow
water and on the sea bottom can also cause postmortem abrasions, usually on the face, hands and knees.

21.2.5 Natural deaths in water
A victim, whose body has been found in water, can have died
as a result of sudden natural death. Virtually all natural deaths
may occur while in water. However, limited data and reports,
with the exception of epilepsy, are currently available on deaths
in water associated with natural diseases (Lunetta et al. 2013c).
Postmortem investigation of a body found in water must not
overlook any pathological lesions. At autopsy, clear signs of
drowning can be missing, but in some other cases the victim
may aspirate a significant volume of liquid. In both cases it can
be difficult to discern a cardiac death occurring in water with
terminal aspiration of liquid from an actual drowning triggered
by a cardiac disease. Moreover, when acute cardiac problems
are electrical rather than physical in nature, they cannot be
demonstrated after death. The latest research on the pathophysiology of immersion has also suggested the potential role
of an ‘autonomic’ conflict resulting in severe arrhythmias and
or a synergic vagal activation resulting in bradycardia, which
can result in either sudden cardiac death in water or incapacitation followed by drowning.
Recently, increased interest has focused on genetically determined cardiac arrythmias, especially the LQTS, which may
explain deaths in water occurring without apparent cause, for
example in good swimmers. Molecular autopsy represents an
emerging tool to investigate ‘negative’ autopsy deaths. During
the last decade, gene mutations associated with fatal drowning
have been reported (see Molecular autopsies above). Molecular
autopsies can have crucial medicolegal implications: in ambiguous drowning cases, a single mutation can influence the judicial outcome by raising a reasonable doubt as to the actual cause
and manner of death.

21.2.6 Manner of death
The vast majority of drowning is unintentional. The wide range
of settings and circumstances in which accidental drowning
occurs, together with the main individual risk factors, have
been addressed in several epidemiology studies. Reliable witnessing and exclusion of other manners of death are generally
the main factors on which the diagnosis of accidental drowning
can be drawn, but this is not always the case. Drowning can also
be the result of a suicide or a homicide, while in other cases the
intent cannot be ascertained even after full police and medicolegal investigations.

Suicide
Suicide by drowning is much less common than unintentional
drowning. Suicide notes and witnessing are among the more
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Table 21.6 Percentage of suicide notes, by sex and age, in 492
suicides by drowning in south Finland (1987–2012).
Age
(years)

Males
n

Females
%

n

%

15–24

26

19.2

9

25–44

103

14.6

45–64

78

24.4

51
258

65+
All ages

Both sexes
n

%

0

35

14.3

64

21.9

167

17.4

91

28.6

169

26.6

25.5

70

34.3

121

30.6

20.2

234

27.4

492

23.6

significant factors that may assist a diagnosis of suicide by
drowning. Victims of suicidal drowning also may present hesitation marks, for instance on the wrists, and other more severe
wounds related to the combination of drowning with other
suicide methods, for instance a deep cut on the throat or
gunshot wounds. Previous suicide attempts, suicide ideation
and psychiatric history must be considered judiciously, since
they can occur also in victims of homicide and unintentional
drowning (Lunetta et al. 2003b). The percentage of suicide
drownings with farewell notes ranges in different series from
approximately 14% to 37% (Table 21.6). However, a verbal
equivalent to a suicide note made just prior to death have been
reported in up to 25% of suicidal drownings. The percentage
of witnessed cases, according to available data, is generally low,
approximately 10%, but wide variation may exist (Lunetta et al.
2013c).
Sometimes suicide victims, before entering the water, weight
themselves (e.g. using heavy objects inside bags) or tightly bind
their hands or feet with rope. In these cases, investigation of the
origin of the weight and whether the victim could have applied
the weight or the ropes alone are important steps in the differential diagnosis with homicide by drowning or body disposal
in water.

Homicide
Homicidal drowning is often perpetrated by a physically
stronger assailant against a weaker victim, generally a child or
an incapacitated adult, often in a bathtub or shallow water.
Often, these homicides are premeditated. In positive toxicology
cases, investigations should establish whether the perpetrator
had an active role in the victim’s drug ingestion.
Homicide by drowning can be also the result of simply
pushing or throwing a person into a body of water. Manslaughter homicide may occur in the same circumstances, during play
or as a joke, if no attempt is made to rescue the victim. In these
cases, the scene investigation will reveal no indication of a
homicide and the victim will show no specific injuries. In some
instances, a late suspicion of homicide may arise in connection
with police investigation or life insurance issues, after drowning
has been first classified as an accident or suicide. In a number

of cases, however, drowning is the final stage of an assault
involving additional forms of violence such as beating, strangulation or stabbing (Lunetta et al. 2013c).
Drowning as a form of fatal child abuse, especially in the
bath, can be difficult to distinguish from unintentional drowning, sudden infant death syndrome (SIDS) or other natural
deaths. There is often no crucial evidence of foul play at drowning sites or on victims, since the pressure required to keep a
child under water often does not leave any detectable sign of
violence. The diagnosis is thus generally based on characteristic
features of child abuse, including physical signs, inconsistency
of history, lack of resuscitation attempts, delay in seeking care
and previous history of abuse (Lunetta et al. 2013c).
Drowning may occur also at the time of birth. Delivery may
occur in adverse conditions in a bathtub or other water environments. In these cases, it is crucial to determine whether the
victim was dead at the time of delivery or whether breathing
occurred after delivery. In the latter case it must then be decided
whether the cause of death was drowning and, eventually, if
drowning was purposely inflicted.
Drowning has been described also in the context of sexually
orientated breath-holding rituals under water. The practice of
aquatic erotic asphyxia involves sexual activity coupled with
controlled and reversible submersion. In fatal cases, it is fundamental to investigate whether the victim was alone at the time
of death or if the ritual was assisted by two or more people. The
former case will be most likely an accidental autoerotic death,
while the latter should be investigated as a potential homicide.

Disposal of corpses in water
The disposal of corpses in a water setting generally aims to
conceal the body with the expectation it will remain under
water or will be transported far away; will prevent the identification of the victim and inflicted injuries, due to postmortem
changes; or will simulate natural, accidental or suicidal death
in water. Indeed routine work cases show us how a prolonged
interval between the crime and body retrieval from water can
hamper victim identification, and obscure time, cause and
manner of death. When the murder is perpetrated far away from
the site of concealment, disposal requires elaborate actions such
as the body being weighted, hidden in a sack or other container,
or even dismembered. Homicidal drowning followed by the
victim’s disposal on land must be also appropriately considered
in any suspected death. For instance, disposal in cribs or bed to
stage a sudden unexpected infant or child death are not infrequent in paediatric homicidal drowning (Lunetta et al. 2013c).
Disposal of a corpse from an aquatic setting to another (e.g.
from a bathtub to a natural body of water) to simulate a natural
death or accidental drowning is also possible.

Undetermined
Since the introduction of the International Classification of
Disease, 8th revision (1967), drowning can be classified under
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the category ‘undetermined’ when it is unclear whether it has
been unintentional or purposely inflicted. Inherent difficulties
related to the circumstances of drowning or a victim’s individual factors may hamper the determination of the manner of
death (Lunetta et al. 2003b). However, undetermined drowning
rates vary widely across countries, based on the levels of evidence required by judicial systems to assess intent, inadequate
transfer of data to statistic offices, the low frequency of medicolegal investigations and inter-examiner differences.

21.2.7 Conclusions and future studies
Many experts and authors reiterate that the diagnosis of drowning is one of exclusion. While such an assertion is certainly true
in a great number of cases, relying only on the exclusion criterion has probably hindered well-designed research into the
diagnosis of drowning.
An exceedingly high number of laboratory methods have
been suggested for the diagnosis of drowning. Most of the
studies are limited to experimental conditions, are of flawed
design and have yield widely divergent results and opinions.
Small series and costly studies proposing a constantly growing
array of new markers should be replaced by accurate and welldesigned studies aiming to define the reliability of selected
markers that can be realistically used in forensic casework. It is
also time for evidence-based concepts to replace personal views
and judgments.
As for the diatom test, critics of these studies largely rely on
dated studies performed without rigorous and standardised
methodologies by researchers having no expertise in diatoms.
More systematic studies should be performed to address criticisms levelled against diatom tests. In this context, two main
issues need addressing. First, quantitative studies on the presence of diatoms in non-drowned corpses are necessary to reassess qualitatively and quantitatively antemortem contamination.
Next, prospective surveys are necessary on the possibility of
postmortem contamination during submersion using bodies
which have been disposed in water after a homicide on land.
The latter studies should be extended to skeletonised remains
and isolated bones. These studies will allow more accurate separation values to be set between drowning cases and controls;
delineation is needed of false-positive cases with the diatom test
for the diagnosis of drowning. Moreover, studies should attempt
to determine the minimum number of diatoms in the drowning media required to yield diatoms in closed organs. When
conventional diatom testing yields insufficient evidence of
drowning, for instance due to low diatom concentrations, the
diatom approach could be extended to other planktonic elements or microbes.
While some contributors state that electrolytes and bacteria
tests can be even more useful markers than plankton for the
diagnosis of drowning, it must be noted that most studies have
thus far involved a relatively low number of cases in limited
settings. Moreover, no studies have systematically addressed the
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issue of false-positive cases during the use of postmortem electrolytes and microorganisms, which is the core of the criticism
levelled against the diatom test. These concerns are more challenging for electrolytes and microbial or plankton DNA than
for diatoms. Moreover, in assessing the site of death, the discrimination power of electrolytes, bacteria and plankton DNA
is lower than that of diatoms.
Molecular autopsies introduced recently for the assessment
of sudden death also apply in an aquatic context. Populationbased genetic epidemiology studies on individuals who die of
unexplained drowning should assess the actual prevalence and
spectrum of LQTS, catecholaminergic polymorphic ventricular
tachycardia and other arrhythmia-related mutations as potential pathogenic mechanisms for drowning. As it becomes clearer
that LQTS does not account for all unexplained drownings, a
molecular autopsy should target any other mutations responsible for other potentially fatal arrhythmias.
Although forensic radiology is becoming increasingly pop
ular as a standard routine, the diagnostic value of morphological findings detected by postmortem CT have the same limits
as do those detected at autopsy. The utilisation of postmortem
CT in routine drowning cases other than those occurring while
diving should be limited to selected cases, for instance those
potentially involving a concomitant disease or injury or those
involving aspiration of foreign material into the airways. Specific studies are needed to compare antemortem CT findings in
near drownings with postmortem findings in drowning cases,
and the potential of CT findings for guiding focused investigations during an autopsy. Moreover, in a virtual autopsy context,
the possibility of performing sterile tissues sampling for diatom
analysis during external examination requires testing.
A multidisciplinary approach can serve in the investigation
of a single drowning incident for criminal and legal purposes.
Various experts can be involved on a case-by-case basis, such as
experts in vehicle incident reconstruction in cases of bodies
found in submerged cars, or experts in swimming instruction
and safety in water, life-guarding, sea rescue and behavioural
sciences. This approach has clearly a much higher potential
than do exclusive police and medicolegal investigations.
Drowning accident investigations, like those for other accidents, may have different aims. While it is crucial to disclose
and investigate any incident that may have penal or civil implications, multidisciplinary scene investigation and incident
reconstruction are also essential for the development of preventive countermeasures.

21.3 Barotrauma and diving-related
accidents
Philippe Lunetta and Richard Vann
Barotrauma is a physical injury to an organ or tissue that results
from differences between ambient pressure and the pressure
in gas-containing body cavities. Barotrauma generally occurs
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Table 21.7 Major diving activities: selected parameters.
Diving activity

Depth range (msw)

Dive time

Breathing
apparatus

Breathing gases

Breath hold

1–100+

0.5–10+ min

Snorkel (or none)

Air

Recreational:
Basic
Advanced
Technical

3–40
40–60+
40–90+

10–120 min
30–180+ min
2–10+ h

O/C
O/C
O/C, C/C

Air, nitrox
Air, N2/He/O2 mixes, O2
Air, N2/He/O2 mixes, O2

Scientific

1–60+

30–120+ min

O/C, C/C

Air, N2/He/O2 mixes, O2

Military

3–180+

Minutes to weeks

O/C, C/C, S/S, P/P

Air, N2/He/O2 mixes, O2

Commercial

3–300

Minutes to weeks

O/C, C/C, S/S, P/P

Air, N2/He/O2 mixes, O2

C/C, closed circuit; msw, metres of seawater; O/C, open circuit; P/P, push–pull; S/S, surface supplied.

when an individual moves rapidly from a high pressure environment to a lower pressure environment and, less often, from
lower to higher pressure. The injury occurs most frequently
during diving but sometimes occurs during hyberbaric oxygen
therapy, aviation, such as in commercial air flights, aircraftpressure testing and altitude chamber training during which
the cabin altitude changes between altitude and sea level or
from sea level to altitude.
Barotrauma can also result from pressure waves from an
explosive blast that leads to pressure gradients between the
body surface and air-filled internal organs such as the ears,
sinuses, lungs or gastrointestinal tract. In clinical settings,
pulmonary barotrauma is a well-recognised complication of
mechanical ventilation. Vaginal and colon perforation are
potentially fatal hazards of compressed air insufflation during
playful practices. This chapter will focus on diving-related fatalities, with special attention to multidisciplinary investigation,
the medicolegal autopsy and the interpretation of postmortem
findings.

21.3.1 Diving types
Exposures to underwater environments for recreational and
occupational purposes have significantly increased during
recent decades, and it is estimated that more than 5–6 million
people dive worldwide (Hornsby 2011). The possibility of
diving-related accidents increases with the number of exposures, still the occurrences may have been partially counterbalanced by improved safety standards. As the World Health
Organization (WHO) International Classification of Disease
does not include specific codes for diving-related fatalities, no
systematic country-by-country data on diving accidents are
readily available, although in North America, approximately
90–100 diving-related deaths occur annually (Denoble et al.
2011). Major diving-training agencies in the United States and
the United Kingdom have estimated that the fatality rate is
approximately 15–16 per 100 000 divers per year or 0.5–1 per
100 000 dives per year (Vann and Lang 2011).

Diving can be classified into three main types, although
other classifications exist. Table 21.7 is a listing of parameters
that describe the major diving activities.

Breath-hold diving
Breath-hold diving (or free diving) is the simplest diving
method and is practised widely around the world to collect
seafood, shells, sponges or pearls. During the last decades, recreational snorkelling has developed greatly, being nowadays
widely practised in many tourist areas. Breath-hold diving has
also developed as a competitive and extreme sport.

Diving with breathing apparatus
Diving with breathing apparatus, in both a recreational and
occupational setting, has developed since the 1940s with the
introduction of a self-contained underwater breathing apparatus (scuba). The essential elements of the open-circuit scuba
apparatus are a high pressure gas tank carried on the back with
a single hose and a two-stage demand regulator that allows the
diver to inhale from the compressed gas supply through a
mouthpiece and exhale into the surrounding water (Fig. 21.39).
During descent, water exerts increasing pressure on a diver’s
chest and lungs that is counterbalanced by the pressure of the
inhaled gas. The most common breathing gas mixture is compressed atmospheric air (nitrogen 78.8%, oxygen 20.9%, CO2
0.033%) but nitrogen/oxygen mixtures (‘nitrox’) with oxygen
levels of 25–50% are also used for their decompression advantages (discussed below).
A branch of recreational diving known as ‘technical diving’
uses complex equipment and breathing gases involving mixtures of helium, nitrogen and oxygen to reach depths of >40 m
of seawater (msw) for durations of as long as several hours.
Closed-circuit rebreathers (CCR), originally used exclusively by
military divers, have become more popular with recreational
divers during the last decades. They allow deeper and longer
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thology of diving injuries requires special understanding and
methods for which forensic pathologists are not generally
trained.

21.3.2 Diving physiopathology

Figure 21.39 Basic open-circuit scuba apparatus.

dives by virtue of recycling exhaled gas from which CO2 is
removed by an absorbent, while O2 is added under electronic
control such that the inspired O2 partial pressure remains constant. Commercial and military divers generally use surfacesupplied breathing apparatus and full face masks or helmets
equipped with voice communications.
Another small community, scientific divers, use both open
and closed-circuit scuba to investigate biological, physical and
archaeological aspects of the underwater environment.

Saturation diving
This is used by military and commercial divers for exposures
to depths of 30–300 msw for as long as several weeks. Multiple
teams of divers live inside a ‘deck’ chamber located at sea level
on a vessel or oil platform at a pressure near the working depth.
A pressurised transfer capsule carries the divers to the dive site
for their daily work shifts. When the task is complete, the dive
teams return to the deck chamber in which they are decompressed to sea level pressure over several days.
Diving-related fatalities are more common in recreational
breath-hold or scuba diving than in military, scientific or commercial diving because of the large number of recreational
divers, many of whom are insufficiently trained and supervised.
Unfortunately, recreational diving fatalities frequently receive
inadequate postmortem investigation because the physiopa-

Basic knowledge of diving physics, physiopathology, procedures and equipment (US Navy 2008) is essential for forensic
pathologists in order to interpret autopsy findings, to interact
with diving experts who conduct on-scene investigations and
to weigh the underlying causes and contributing factors of
diving-related fatalities.
The physical laws of gases can have crucial impacts on diver
health (Brubakk and Neuman 2002; Bove 2004; Lindholm and
Lundgren 2009). We must first distinguish between atmospheric, gauge and absolute pressures. Atmospheric pressure is
nominally the pressure at sea level that is defined as 1 bar
(1 kPa = 1000 Pa); 1 bar is also equivalent to 10 msw. A diver at
10 msw underwater will read ‘10 msw’ on his or her depth
gauge, and this is known as the gauge pressure. The total or
absolute pressure to which the diver is exposed equals the
atmospheric pressure at sea level (1 bar) plus the gauge pressure
at 10 msw (1 bar), or 2 bar. As gas law calculations must use
absolute pressures, one must remember to convert depths to
absolute pressure by adding 1 bar. As an example, suppose a
diver descends at a typical rate of 10 msw per minute from sea
level to 40 msw. The gauge pressure increases under these conditions from 0 to 40 msw (0 to 4 bar), while the absolute pressure increases from 1 to 5 bar.
In accordance with Boyle’s law, when the absolute gas
pressure increases, the gas volume decreases proportionately.
During descent, body spaces filled with gas (lungs, sinuses,
middle ear, gut) will be compressed. During ascent, gas in these
spaces will expand. Dalton’s law of partial pressures specifies
that in a mix of gases, the total gas pressure is equal to the sum
of the individual partial pressures where the partial pressure of
a particular gas equals the fraction of that gas multiplied by the
absolute pressure. Thus, the partial pressure exerted by each
component of the diver’s breathing gas increases proportionally
with the ambient pressure as depth increases, and the reverse
occurs during ascent (Table 21.8). Henry’s law states that the
absorption of a gas in a liquid is directly proportional to the
partial pressure of the gas component whose constant of proportionality depends on the gas species. During descent, the
increasing environmental pressure results in proportionately
higher quantities of gas dissolved in body liquids and tissues.
The principal gases of physiological importance are oxygen,
carbon dioxide, nitrogen and helium. Conversely, during ascent
to a lower pressure, these gases may be carried, in dissolved
form, by the cardiovascular system from the tissues to the lungs
from where they are exhaled harmlessly into the environment.
On the other hand, if the diver ascends too rapidly, bubbles may
form in tissues and blood causing the manifestations of decompression sickness (DCS).
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Table 21.8 Lung volume, absolute pressure, and partial pressure of gases in function of depth (Boyle’s and Dalton’s law).
Lung volume

Pressure (atm)

P02

PN2

100%

1

0.21

0.79

50%

2

0.42

1.58

33%

3

0.63

2.37

25%

4

0.84

3.16

Contaminant gases

descent

Sea surface

10 m

20 m

30 m

Pulmonary barotrauma and arterial
gas embolism
In accordance with Boyle’ law, barotrauma can affect any nonvented, gas-containing space during descent due to gas compression, or during ascent due to gas expansion.
Pulmonary barotrauma (PBT) of descent (lung ‘squeeze’) is
infrequent in breath-hold divers and scuba divers but occasionally occurs with fatal consequences (Strauss and Wright 1971).
This is because incipient PBT is painful and easily recognised
by a conscious diver. Sinus and middle ear squeeze are common,
and while painful are never fatal.
PBT of ascent is potentially fatal. The lungs are affected due
to overdistension by expanding gases, especially when ventilation during ascent is inadequate. Pulmonary overdistension can
cause shearing injuries to the alveolar wall. PBT and arterial gas
embolism (AGE) can occur in all types of diving activities.
Breath-hold followed by ascent while breathing compressed gas
is a major cause of PBT with inexperience, running out of gas,
panic and water inhalation being risk factors. Lung diseases that
restrict gas flow or cause gas trapping such as asthma, interstitial fibrosis and pleural adhesions may also contribute to PBT.
PBT of ascent has been reported in dives of only 1.0–1.5 msw
depth during breath-holds near total lung capacity (Benton
et al. 1996).
When gases escape from the alveoli, they can enter lung
interstitial spaces and form subpleural bullae, and then penetrate the pleural cavity (pneumothorax), mediastinum (medi-

astinal emphysema), tissues of the upper trunk and neck
(subcutaneous emphysema) and, most importantly, the pulmonary venules. Once penetrating the pulmonary venules, the
bubbles reach the left heart and then the systemic circulation,
causing AGE. Gas bubbles in the left heart chambers can lead
to acute cardiac failure – although this is rare. In the systemic
circulation, gas emboli are distributed into different organs and
tissues, but the organ at greatest risk is the brain, which receives
a disproportionately high fraction of cardiac output, thereby
making it susceptible to cerebral arterial gas embolism (CAGE).
Death resulting from CAGE usually occurs after a rapid ascent
within seconds or minutes after surfacing but may be prevented
if rapid recompression is applied, although secondary deterioration is possible. Death may be preceded by convulsion, paralysis, unconsciousness and cardiac arrhythmia, all of which are
unresponsive to resuscitation (Levett and Millar 2008; Vann
et al. 2009, 2011). Non-fatal CAGE is possible.
Barotrauma can also target and affect non-distortable tissues
(middle and inner ear, sinus) and even teeth, for instance when
gas spaces are associated with fillings or are present in the roots
of infected teeth.

Decompression sickness
In accordance with Henry’s law of solubility, during a diver’s
descent, inert gases such as nitrogen will increasingly dissolve
and be absorbed in body liquids and tissues in proportion to
their partial pressures. Equilibrium with the inspired partial
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pressures is achieved in 12–24 hours. During a controlled
ascent, nitrogen is released slowly from tissues and blood, but
small and clinically ‘silent’ bubbles move via the blood stream
to the lungs to be eliminated with breathing. However, if the
ascent is rapid, and pressure drops too quickly, larger nitrogen
bubbles form in the tissue and blood, resulting in DCS (Vann
2004).
Autochthonous (in situ) inert gas bubbles form within the
tissues, especially those with a high solubility of gas and relatively poor perfusion such as fat, cartilage and spinal cord.
Tissue bubbles can seed in the venous system, where they grow
while in transit to the heart. Venous bubbles are detectable by
ultrasonography, post-diving, some minutes after ascent and
continue to be produced for hours. Gas bubbles do not appear
to form de novo in blood, but arise extravascularly.
In normal conditions, the lungs act as an efficient filter for
venous bubbles, which are usually removed at the alveolar–
capillary barrier that prevents their passage into the systemic
circulation. However, in the presence of a large load, bubbles
may remain entrapped in the lung circulation, leading to respiratory symptoms (cough, dyspnoea). If venous gas emboli are
too many, or if they are very small, the pulmonary filter can be
overcome, and gas bubbles can reach the left heart chambers,
potentially resulting in AGE and CAGE or initiating DCS in
tissues that otherwise would be bubble-free. Venous gas bubbles
may also reach the arterial system via a patent foramen ovale,
because increased pulmonary pressure due to gas embolism in
the lung produces a right-to-left intracardiac shunt. Divers with
patent foramen ovales have a statistically significant higher
incidence of serious cerebral or spinal DCS manifestations, but
this is not a common cause of death (Saary and Gray 2001;
Levett and Millar 2008).
Venous gas embolism may occur after long dives to depths
of 3–6 msw, but manifest DCS is generally not evident in dives
at depths of less than 10 msw. Clinical DCS manifestations generally reflect the location of nitrogen bubbles in the body (lung,
brain, spinal cord, peripheral nerves, inner ear, skin) and usually
occur shortly after surfacing, but their onset may be delayed for
several hours and, less often, for a few days. Manifestations may
occur initially, or reoccur, when the victim takes a flight after
diving. Bubbles produce symptoms by mechanically distorting
tissues and nerve structures, by damaging the endothelium and
triggering a local inflammatory response, and by obstructing
blood flow with consequent ischaemic injury.
DCS has been traditionally classified as: (i) type I, mild
manifestations characterised by pain in the muscles and joints
(typically shoulders, elbows, knees) as well as constitutional
symptoms (fatigue, malaise) and itching or rash; and (ii) type
II, neurological (sensory, motor, respiratory, cerebral) signs or
symptoms that can be life-threatening. Both types of DCS generally respond well to prompt recompression in a hyperbaric
chamber while the victim breathes 100% oxygen which dissolves the bubbles, oxygenates ischaemic tissues and reduces
inflammation. Recompression can also be effective after delays
of several days (Vann et al. 2011).
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The causes of DCS include multiple daily dives, poor adherence to dive regulations or dive computers, rapid ascent, flying
within 24 hours after diving, and even mere chance. Repeated
dives with short intervals between them can be inadequate to
eliminate residual nitrogen and can cause an increase in the
nitrogen load during a series of repetitive dives. These risks
should not be overstated, however. DCS incidences are under
0.1% for most diving.

Decompression illness
The term decompression illness (DCI) includes the two syndromes AGE and DCS, both of which result from a reduction
in environmental pressure and occasionally occur simultaneously. While the pathophysiological mechanisms of AGE and
DCS differ, they are grouped together as DCI, since the treatment for each is prompt recompression (Vann et al. 2011).

Diving gas problems
The gas mixtures commonly used include compressed air and
nitrox. Below 40–50 msw, heliox or trimix mixtures are useful
in avoiding nitrogen narcosis and in reducing breathing gas
density, which can limit ventilation. However, all diving gases
under hyperbaric conditions have potentially dangerous toxic
or adverse effects on the organism:
1. Hypoxia of ascent (‘shallow water blackout’) during breathhold diving. Under normal ambient conditions, an individual inhales oxygen and exhales CO2. The increase in
arterial CO2 stimulates the brainstem respiratory centre
and leads to increased ventilation. During a breath-hold at
sea level, the blood oxygen level falls, while CO2 accumulates until the urge to breathe becomes irrepressible. Breathhold divers, however, sometimes hyperventilate on the
surface before descent to extend dive time by reducing their
CO2 stores. Longer dive times, particularly when associated
with physical activity, reduce the oxygen concentration in
the diver’s blood. Due to the decreasing oxygen partial
pressure during ascent (Dalton’s law), the diver becomes
hypoxic upon approaching the surface, resulting in
unconsciousness.
2. Oxygen toxicity. Under hyperbaric conditions, in accordance with Dalton’s law, the partial pressure of oxygen
increases when diving with open-circuit scuba. Oxygen
may become toxic for the central nervous system at partial
pressures exceeding about 1.3 bar and with prolonged
exposure. Toxicity may be manifested by vertigo, tremors,
tinnitus and seizures, which can cause unconsciousness
and rapid ascent with subsequent fatal DCI or drowning.
Conversely, in diving with electronic rebreathers this is not
generally an issue, as the inspired oxygen partial pressure
is controlled to a nearly constant set-point.
3. Hypoxia. While normally rare in diving with open-circuit
scuba, hypoxia (oxygen partial pressures <0.21 atm) can
occur with rebreathers due either to failure of the oxygen
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supply or control system or to rapid ascent. Unconsciousness due to hypoxia is a common cause of drowning in
rebreather diving.
Carbon dioxide toxicity. CO2 is a narcotic gas that can be
anaesthetic at partial pressures and equivalent to breathing
10% CO2 at sea-level pressure. A diver who ventilates inadequately will retain CO2, and the consequent narcosis acts
similarly to nitrogen narcosis to interfere with judgment.
As gas density increases with depth, this raises the work
of breathing, leading to hypoventilation. Divers may also
voluntarily restrict their ventilation (‘skip-breathing’) to
reduce gas consumption and extend bottom time during
open-circuit diving. The simultaneous effects of CO2 retention, nitrogen narcosis, increased gas density and skipbreathing are additive and can lead to unconsciousness,
a phenomenon sometimes referred to as ‘deep-water
blackout’.
Nitrogen narcosis. Nitrogen acts as a narcotic under hyperbaric conditions, generally below 30 msw. Nitrogen narcosis is characterised by euphoria, overconfidence, impaired
performance, decreased concentration and depression of
the central nervous system. The onset is insidious, varies
from person to person, and the effects disappear on ascent.
Nitrox gases, which use lower percentages of nitrogen than
in atmospheric air, reduce the risk of nitrogen narcosis
and DCS.
Helium effects. Helium is used for dives deeper than
40–50 msw because it is non-narcotic. At depths below
180 msw, divers using helium may develop ‘high pressure
neurological syndrome’ (HPNS), with symptoms such as
tremor, myoclonic jerks and irritability that can limit
underwater performance (Kot 2012). Because dives to these
depths are rare, however, HPNS is not often encountered.
Carbon monoxide toxicity. Carbon monoxide (CO) poisoning, as with other contaminant gases, can happen when
a faulty or poorly maintained petrol-driven air compressor
adds CO to a diver’s air tank. During descent, the partial
pressure of CO increases, which can cause various symptoms (headaches, confusion, tunnel vision, unconsciousness), leading to incapacitation and drowning.

Drowning accounts for up to 70–90% of diving-related
fatalities and can result from several potential underlying or
contributing causes. Common events that predispose to drowning include running out of breathing gas, breathing gas toxicity
(nitrogen narcosis, O2 and CO2 toxicity), entrapment or entanglement, emergency ascent and physical exertion beyond the
diver’s capability due to rough water or strong tidal currents.
Among breath-hold divers, unconsciousness following pre-dive
hyperventilation with hypoxia on ascent (‘shallow water blackout’) is the most common cause of drowning.
Other underlying causes of diving-related drowning include
panic, vomiting, saltwater aspiration, malfunction or misuse of
equipment, buoyancy issues and marine animal attack or bites.
Insufficient experience or training, diving solo, inadequate
supervision and dive conditions beyond the diver’s training or
capability are other contributing factors associated with diving
fatalities.
For recreational divers using compressed gases, PBT associated with CAGE is the second leading cause of death after
drowning. Diver inexperience and other causes related to a
rapid ascent (‘out of air’ situation, panic) are recurrent underlying or contributing factors to PBT/CAGE. The postmortem
diagnosis of PBT/CAGE as the cause of death is generally based
on: (i) a history of a rapid ascent (witnessed or evident from
the depth–time profile downloaded from a dive computer such
as shown in Fig. 21.40) followed by loss of consciousness during
ascent or after surfacing; and (ii) the postmortem CT scan and
conventional autopsy findings of pneumothorax, pulmonary
bullae and gas in the left side of the heart and cerebral (Fig.
21.41), coronary and retinal arteries. The latter are all locations
with a relatively low possibility of postmortem ‘off gassing’ or
decomposition artefacts (see Detection of gases at autopsy in
Section 21.2.5), provided that investigations are performed
before the onset of putrefaction. Mediastinal emphysema and
upper thoracic and neck subcutaneous emphysema are also
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21.3.3 Main causes of death in divers
The two most common immediate causes of death associated
with recreational diving are drowning and PBT/CAGE. Other
immediate causes of death include natural disease, especially
cardiovascular disease, and occasionally injury. DCS is usually
associated with morbidity but rarely mortality. While residual
manifestations occasionally persist in the most serious cases,
DCS is infrequently fatal in contemporary diving except in
catastrophic circumstances such as emergency ascent when
decompression times of an hour or longer are omitted. Occult
heart disease is relatively common in both scuba and breathhold divers who die, and increases with age.
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Figure 21.40 The dive computer records in a fatal accident
involving an emergency ascent showing the dive profile of a
6-minute dive to 40 msw with an ascent to the surface in 45
seconds. This dive profile record helped to resolve some
conflicts in witness reports regarding when and how the
victim reached the surface. fsw, feet of seawater; msw, metres
of seawater. Courtesy of Divers Alert Network, Durham, NC.

Depth (msw)

432

CHAPTER 21   INJURIES DUE TO ASPHYXIATION AND DROWNING

433

goal is a ‘root cause analysis’ of a diving accident that, as nearly
as possible, determines the series of events underlying the fatal
outcome. This sequence starts with an initial trigger that leads
to a disabling action which in turn causes a disabling injury that
results in death (Denoble et al. 2008; Lippmann et al. 2013)
(Fig. 21.42).

21.3.4 Investigation of fatal diving
accidents

Figure 21.41 Postmortem CT scan showing a diffuse cerebral
arterial gas embolism. Courtesy of Professor Anders Persson,
Linköping University, Sweden.

suggestive of PBT/CAGE, but the possibility of resuscitation or
putrefaction artefacts should be appropriately considered.
Deaths that occur during deep open-circuit dives (>50–
80 msw) are often a consequence of loss of consciousness due
to a combination of increased work of breathing, nitrogen narcosis, oxygen toxicity and hypercapnia. Generally when a diver
becomes unresponsive at depth before ascent, PBT/CAGE is not
the underlying problem. The introduction of CCRs to recreational diving during the 1990s has been associated with a
marked increase in CCR fatalities, which presently appear to be
5–10-fold more common than for open-circuit divers. The
principal factors associated with death in closed-circuit diving
appear to be hypoxia, PBT/AGE, hypercapnia and acute myocardial infarction. A CCR is effectively an external respiratory
system, not under autonomic control, and requiring active
monitoring by a diver who has an acute understanding of
physics and physiology and the ability to diagnose and respond
to subtle problems before becoming incapacitated.
Drowning will be the likely cause of death any time a diver
becomes unconscious or incapacitated and unable to perform
self-rescue while in the water. This is certainly a valid conclusion from the point of view of the forensic pathologist, but
focusing only on immediate causes of death fails to provide a
comprehensive description of the critical events involved in
diving fatalities, and these events are the basis for improving
diving safety. Forensic pathologists should work closely with
other diving experts and investigators to make an integrated
assessment of all the evidence including autopsy findings, environmental factors, dive profiles and equipment. The ultimate

The investigation of fatal diving accidents requires a multidisciplinary approach, with close interaction between individuals
who knew the diver or were on scene (instructors, diving
buddies, rescue team members, diving physicians, diving equipment specialists), law enforcement officers and the forensic
pathologist performing the medicolegal autopsy (Vann and
Lang 2011; Vann 2012). Investigations are sometimes at the
behest of an insurance company which hires a private investigator with the objective of determining liability. Any inadequate
investigation is a source of distress to the family of the deceased
and an impediment to understanding the causes of death. The
probability of litigation increases when events and causes are
not discovered. Another unfortunate eventuality associated
with legal proceedings is that case information may not be
released to the diving safety organisations and investigators
whose role is to improve diving safety. Thus, it is best for all
parties to share information and cooperate.
Investigations focus on medical matters, equipment issues
and diving procedures with the aim of identifying the immediate cause of death and any trigger or relevant contributing
factor (Denoble et al. 2008). Key for a successful investigation
is coordination of the different agencies, the availability of
trained investigators, well-equipped laboratories and financial
resources for comprehensive investigations. When available,
specific attention should focus upon on-site check lists, equipment evaluation forms, chain of custody procedures, standardised protocols for equipment testing and autopsy procedures
(Vann and Lang 2011).
Medicolegal investigations of diving fatalities have traditionally focused on legal and judicial matters, seeking to disclose
criminal acts or, more often, to address civil and insurance
claims. However, a multidisciplinary approach has much higher
potential than medicolegal investigations alone, and is crucial
for improving diving safety procedures and formulating guidelines to reduce future fatalities.
The first step in any investigation should be rapid deployment of a trained diving accident investigator on the scene for
a preliminary equipment inspection, dive site survey, and interview of witnesses and diving professionals. A rapid response by
trained personnel is vital because delay and ill-informed investigation often leads to alteration of the equipment during
rescue and recovery or delay in optimal pre-autopsy storage
of the body. Diving accident investigations require comprehensive assessment of the victim’s personal and medical history,

434

PART III   TRAUMATOLOGY AND VIOLENT DEATH

Trigger
The first identifiable event that transform an
unremarkable dive into an emergency

Disabling agent/action
Hazardeous behaviour or circumstance that is
temporally or logically associated with the
trigger and that is the cause of disabling injury

Example 1

Example 2

Example 3

Out of
breathing
gas

Entanglement

Exertion

Emergency
ascent

Out of
breathing
gas

Pre-existing
cardiac
disease

Air embolism

Asphyxia

Acute cardiac
disease

Drowning

Drowning

Drowning

Disabling injury∗
Injury directly responsible for severe
incapacitation, unconsciousness or death in
water

Cause of death
Usually drowning
In some cases cause of death = disabling injury

∗

Most recurrent disabling injuries include asphyxia, CAGE, DCS, cardiac or other severe pathology and physical trauma

Figure 21.42 Sequential analysis (root-cause analysis) of diving fatalities. The forensic pathologist’s role is important in assessing the
immediate cause of death and the disabling injury.

environmental conditions, dive profile, events prior to and following the fatal incident as well as a meticulous postmortem
examination of the deceased and analysis of the diving equipment (Vann and Lang 2011).

Medical and personal history
Medical criteria for fitness to dive are more rigid for commercial and military diving than for recreational diving. Although
recreational divers have the responsibility to ensure that they
are medically fit to dive, estimates are that a significant percentage of victims of fatal recreational diving are not medically fit.
Divers with cardiovascular diseases are more vulnerable than
are healthy divers to adverse diving environments (cold,
increased physical activity, sympathetic stimulation) (Thompson 2011).
Collection of medical history data should focus on cardiovascular and pulmonary diseases, seizure disorders and diabetes. Clinical diagnosis of cardiac arrhythmias (e.g. long QT
syndrome) is crucial, as electrical disturbance cannot be
detected postmortem. Use of legal drugs or a history of substance abuse, plus information concerning past risk-taking
behaviours, is essential.
Personal data include the diver’s experience, certification
level and training. Fatal accidents are more likely for those who
are inexperienced or insufficiently trained, who may misuse
equipment, use inappropriate equipment or fail to follow safe

diving procedures. Accounts of previous diving accidents
should be available; past troubles faced by divers can recur
under similar conditions.

Environmental conditions
Divers are susceptible to hazards of the marine environment,
including exposure to low water temperature, injuries from
marine animals, trauma (rocks, boats) and entrapment (caves,
fishing nets). Weather and water conditions can be crucial; cold,
poor visibility or strong currents may increase the diver’s workload and cardiovascular stress and can lead to panic.

Dive profile and history
Knowledge of the dive profile is crucial, especially in solo diving
with no eyewitnesses. The depth–time breathing gas profile
includes data relevant to the development of PBT/CAGE, DCS,
nitrogen narcosis and breathing gas toxicity. The dive profile
can usually be downloaded from dive computers, increasingly
used in scuba diving (see Fig. 21.40). The dive computer manufacturer can assist with the download process if needed.
Special attention should be given to repetitive dives preceding the fatal dive, the presence of a dive buddy and the phase
(pre-dive, descent, bottom, ascent, post-dive) when the diver
began to experience troubles. In breath-hold diving, pre-diving
hyperventilation is relevant to shallow black-out. Activity and
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stress during the dive will cause increased gas consumption;
entrapment or injuries may cause panic which can hamper
the diver’s performance and decision capacity. Resuscitation
attempts and the diver’s response should be documented in the
written report.

Dive equipment
Ideally, the appropriate experts to investigate the diving equipment should be contacted immediately and, if possible, an
investigation performed within 24–48 hours by impartial agencies or consultants supervised by law officers. Camera and video
equipment used by the victim should be downloaded to assist
reconstruction of events. The victim’s equipment should be
promptly treated as criminal evidence with a proper chain of
custody and should be inspected initially but not tested, as this
can be destructive. Inspection coupled with information provided by the first responders could help determine whether
damage to equipment may have occurred during rescue and
resuscitation.
Equipment inspection may include examination for breakage or malfunction (e.g. a broken facemask strap), regulator
attachment, convulsive bites on the mouthpiece or vomitus in
the mouthpiece. Examination of the weight belt might reveal
whether the diver was overweighted (negatively buoyant),
whether the weight could be released and if that occurred. The
state of inflation of the buoyancy compensator device (BCD)
should be checked, and the BCD tested to determine proper
function or leakage. A faulty BCD/weight combination could
lead to negative buoyancy and involuntary descent or positive
buoyancy with uncontrolled ascent. Would the BCD/weight
combination keep the victim’s head above water if unconscious
at the surface?
The cylinder valve should provide free and controlled release
of gas. The valve position should be recorded based on how
many turns it takes to close it. Cylinder pressure indicates the
possibility of running out of gas, one of the most common
causes of open-circuit scuba-diving deaths. Do depth and cylinder content gauges function properly? Are the cylinders in
good condition, and what is their gas composition? Are contaminants present such as CO2 or hydrocarbons? Is there any
corrosion inside the cylinders that might reduce the oxygen
percentage to an unsafe level, causing hypoxia? Gas content
analysis by gas chromatography in an accredited laboratory is
necessary. Do the regulators (primary and back-up) function
properly? This may require testing on a breathing machine.
Professional investigators might also conduct in-water trials
with appropriate safety procedures.

21.3.5 Medicolegal autopsy
A thorough medicolegal autopsy of diving-related fatalities
requires a forensic pathologist with basic knowledge of diving
physiology and general awareness of diving equipment and
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procedures. In many jurisdictions, however, forensic pathologists and technicians only rarely perform diving-related autopsies. In this situation, if legally permitted, a physician who is
expert in diving medicine and other diving experts should
attend the autopsy.
Medicolegal autopsies necessitate techniques that go beyond
standard autopsy practices. Among autopsy protocols for
diving-related fatalities published during recent decades, some
emphasise the need to detect PBT and the presence of gases in
the victim’s body (Caruso 2011; Lawrence and Cook 2012).
In addition to crucial findings, related to immediate cause
of death, forensic pathologists should consider and identify
medical conditions or injuries relevant to root causes of the
accident.
Ideally, all available accident data and preliminary investigative data should be reviewed by diving experts and discussed
with the forensic pathologist before the medicolegal autopsy. If
this information is inaccessible until later, it must be considered
by the forensic pathologist when preparing the final report on
cause of death.
To avoid the onset of postmortem artefacts, the autopsy
should take place promptly after the body is recovered and
the diving equipment is inspected and removed. Ideally, time
should also be allocated for postmortem radiographic examination and CT or magnetic resonance imaging (MRI) scans.

External examination
Once the diver’s body has been located, the first observations
made by the rescuers can be crucial. The position of the body
and equipment in the environment and other on-scene evidence should be recorded, videotaped and photographed, if
possible. In principle, rescuers should not interfere with the
equipment. When interference is necessary, the original condition of the diving equipment should be recorded, such as noting
if the cylinder valve(s) were closed, the number of turns
required for closure and contents gauge readings. The body
should be recovered by removal of the weights rather than by
inflating the buoyancy compensator with care to ascend slowly.
The regulator should be secured so that it is not pulled from
the mouth.
The body should be sealed in a bag and rapidly transported
to the mortuary or to another facility for postmortem CT or
MRI scans. The body should be immediately examined, and any
findings documented and photographed. Optimal storage and
refrigeration of the body require removal of the diving equipment. The professionals in charge of the equipment examination should be promptly alerted to assist in its removal and
transfer to an appropriate laboratory.
The external examination should follow and ideally exceed
the general recommendations of autopsy practice standards.
The face should be examined for evidence of mask squeeze with
haemorrhage into the conjunctiva and compression marks on
the skin around the eyes and nose. Blood within the mask suggests the occurrence of sinus barotrauma. Perforation of the ear
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drum, demonstrated by otoscopy, is related to ear barotrauma.
The retinal arteries, examined with an ophthalmoscope, may
show air bubbles suggestive of PBT. The presence of vomitus
can be either causative or a consequence of the accident. Biting
of the tongue and lips or biting marks on the mouthpiece
suggest seizures. Whip-like marks on the skin can be caused by
suit squeeze during descent.
External evidence of subcutaneous emphysema in the areas
between the clavicles and the jaw’s angles is suggestive of PBT.
Subcutaneous emphysema generalised to wider regions of the
body is, conversely, more likely related to postmortem decompression artefacts or putrefaction.
External indication of traumatic injury (e.g. boat propellers,
rocks, marine animal bites or attack, evidence of attempts to
grip underwater surfaces) deserves special consideration. Antemortem injuries should be distinguished from postmortem
injuries, if possible. The latter may occur during search and
recovery or while the body is on the bottom. Early postmortem
artefacts by marine scavengers generally occur in body regions
unprotected by equipment. Differentiation between ante- and
postmortem injuries usually depends on the presence or
absence of haemorrhages in soft tissues at the injury site, but
these are not always evident due to environmental washing of
the injured tissue and to postmortem changes. Marine animal
injuries may vary widely between geographical areas and
aquatic environments. Marine biologists or other experts may
be useful for interpreting these wounds.
The colour of postmortem hypostasis can be cherry-pink
due to CO intoxication, but caution is important because pink
hypostasis can also occur in a body exposed to cold water after
death or to refrigeration before autopsy.
In addition to diving-specific findings, the external examination may reveal white, pink or blood-stained foam in the
nose and mouth, which may be associated with drowning.

Internal examination
Previous recommendations have included initial dissection of
the cranial and thoracic cavities underwater, but these procedures are troublesome for forensic pathologists and autopsy
technicians. Radiological investigations and, more recently, CT
and MRI scans (if available) have substantially modified the
medicolegal approach to diving fatalities (see Fig. 21.41), but
CT or MRI findings should always be compared and integrated
with direct observations at autopsy.

Head
The skin of the head should be reflected as usual to the rear of
the skull and over the face. The subcutaneous vessels may show
evidence of bubbling. Once the skull is opened, the internal
carotids, and basilar and vertebral arteries at the base of the
brain, should be double clipped. The middle cerebral arteries
should also be closed by forceps. Bubbles found in the cortical

cerebral veins or venous sinuses have no meaning as air may
penetrate these vessels when the skullcap is removed. The
brain is then placed in a water-filled sink, and the clamps are
removed to allow air bubbles related to CAGE, if present, to
escape into the water from the cerebral arteries. The middle ear
can be removed and, after decalcification, serial histological
sections will show barotrauma-induced changes in the middle
and inner ear.

Thorax and abdomen
To identify pneumothorax, when performing the I-shaped
chest incision, a thoracic fold should be made from the soft
tissue and over the chest wall. This fold is then filled with water,
and a large-bore needle inserted into an upper intercostal space
on each side. Any escaping air can be observed and eventually
captured in an inverted, water-filled, graduated cylinder. An
alternative test for pneumothorax consists of incising the intercostal muscles with a scalpel and observing the visceral and
parietal pleura. If the two pleural layers are still adjacent when
the pleural cavity is breached, pneumothorax is not indicated.
Conversely, if pneumothorax is present, the lungs will be collapsed with no contact between the visceral and parietal pleura.
After careful removal of the sternum and severing the ribs,
the presence of gas embolism in the cardiac chambers is tested
by incising the pericardial sac longitudinally and filling it
with water. The left and right chambers are incised with a
scalpel or punctured with a needle to seek intracardiac gas. The
quantity of gas in the right and left chambers can be assessed
by means of an inverted cylinder, whereas special collection
techniques with an ‘aspirometer’ store gas in headspace tubes
for analysis by gas chromatography (Bernaldo de Quirós et al.
2011, 2013).
Examination of the lungs in situ can reveal air embolism in
the small vessels of the visceral pleura. Peripheral bullae and
haemorrhages may be related to PBT. The vessels of the hilum
of both lungs are double-clamped (or tied), and the lungs are
removed by incision between the ties. Once removed, the lungs
are placed in a water-filled sink, and air is gently injected by
syringe into the bronchi to check for air leaks and potential
pleural rupture sites. Formalin fixation and inflation of both
lungs may assist examination for apical bullae. After its main
vessels have been tied in the same fashion, the heart is also
removed and examined under water to identify bubbles escaping from the coronary arteries. Examination of the interatrial
and interventricular septum can disclose a patent foramen
ovale or other septal defects possibly responsible for paradoxical air emboli in the systemic circulation (Saary and Gray 2001).
Vessels of the abdominal cavity should be inspected before
the removal of organs for evidence of air embolism, for instance
in the mesenteric vessels, vena cava and hepatic and renal
vessels.
Hyperinflation of the lungs with overlap of the anterior
margins along the midline as well as frothy fluid in the trachea
and bronchi are suggestive of drowning. Such changes are not
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pathognomonic for drowning, however, and may be absent in
definite drowning cases.

Musculoskeletal system
Preparation and examination of the femoral head during conventional autopsy can reveal avascular necrosis, especially in
individuals who have been diving for many years, but CT or
MRI scanning also provide accurate documentation.

Other investigations
Histology
Comprehensive microscopic examination of all organs is essential. In cases where the victim survives for a few hours or longer,
small myocardial or cerebral infarcts may develop as a consequence of AGE. Neuropathological examination of the brain
and spinal cord is advisable. CAGE may cause small perivascular haemorrhages in the grey and white matter and brainstem.
Immunohistochemical investigations can assist in identifying
vital early reactive and ischaemic changes at the site of gas
emboli. Lesions in the white matter of the middle third of
the spinal cord, including small infarcts, may be associated
with DCS.

Toxicology
Comprehensive toxicological analysis for alcohol, prescription
and illicit drugs should be performed on blood, urine, vitreous
fluid, liver and stomach content samples. Evidence for the presence of carbon monoxide should also be sought. Vitreous fluid
can be analysed to assess biochemical changes in diabetes
patients.

Molecular autopsy
Ethylene diaminetetra-acetic acid (EDTA) blood samples or a
blood spot applied to FTA® cards are necessary at autopsy for
preservation and long-term storage in order to allow possible
DNA analysis for gene mutations responsible for LQTS or other
genetically determined life-threatening arrhythmias like catecholaminergic polymorphic ventricular tachycardia (CPVT).

Diatom analysis
Diatom analysis is useful for the diagnosis of drowning, assuming sufficiently rigorous protocols for tissue sampling (brain,
lung, liver, kidney) and sample preparation. The taxonomic
comparisons between the diatom population in the victim’s
tissue and in the putative drowning media must be performed
exclusively by an expert diatomologist. A very practical issue at
autopsy is interference with sterile sampling for diatoms analysis, such as from the brain and lungs, with the above-described
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techniques to detect air embolism in vessels and the body cavity.
A judicious case-by-case approach is vital, taking into account
all evidence, including results of the pre-autopsy CT or radiological examination. Another potential issue is false-positive
diatom data due perhaps to repeated inhalation of small
amounts of water during activity prior to diving.

Radiology, computed tomography and magnetic
resonance imaging
A supine chest and abdominal plain radiograph followed by
radiography in an erect position is necessary to identify gas in
the body cavities, organs, blood vessels and tissues. X-rays of
the chest and abdomen can demonstrate pneumothorax. X-rays
of the limbs can show gases in veins, joints and soft tissues in
decomposition and postmortem ‘off gassing’.
CT scanning and MRI are additions to the most recent
diving autopsy protocols. These investigations should be performed, according to some recommendations, within 8–24
hours after death. This can obviously offer challenges due to
time for body retrieval, time for transportation to the mortuary
or imaging facility and other logistics issues. Time must also be
allocated for preliminary investigations of diving equipment
while still on the diver’s body. Minimising delay is the goal, but
achieving this ideal may not be possible. The appearance of
putrefactive gases is a function of postmortem interval and air
and water temperatures, which differ markedly among tropical,
temperate and cold climates. Performing postmortem CT scans
after long intervals will provide data that in the future can
improve discrimination between in vivo embolism and postmortem gas formation in diving accident victims.
CT and MRI are sensitive in demonstrating gas within the
pleural cavity, heart, tissues and venous and arterial blood
vessels (see Fig. 21.41) as well as the lung, sinus and ear changes
associated with barotrauma. These techniques are more accurate than plain radiography or conventional autopsy techniques
and provide detailed information on the extent and distribution of gas in tissues that is inaccessible by standard autopsy or
in tissues from which bubbles may vanish during autopsy procedures (Plattner et al. 2003; Cole et al. 2006). MRI can also
detect DCS-associated spinal cord changes (Gempp et al. 2008).

Detection of gases at autopsy:
interpretative issues
The mere detection of gases in cavities, organs, vessels or tissues
by postmortem CT, plain radiography or conventional autopsy
techniques is not conclusive evidence of PBT, AGE or DCS.
DCS appears to be the result of bubble formation in tissues and
blood, and while rarely fatal, severe cases can cause significant
morbidity. Dives with rapid ascent or, particularly, with breathholding during ascent are more frequently associated with PBT
and AGE and are potentially fatal. In general, when a CT scan
is performed soon after death, gas embolism in the left heart
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and arterial system (see Fig. 21.41) can be interpreted as PBT,
whereas gas in the venous system is interpreted as DCS. This is
not always true, however, since AGE can originate from the
passage of venous bubbles through the pulmonary filter or a
patent foramen ovale into the systemic circulation.
Moreover, three additional sources of gas in blood and tissue
must be considered at autopsy: resuscitation manoeuvres, postmortem decomposition and postmortem bubble growth:
1. Cardiopulmonary resuscitation, endotracheal intubation
with positive pressure ventilation and intravascular cannulation are interventions that can lead to postmortem
intravascular gases and subcutaneous emphysema.
2. Postmortem gas formation due to decomposition starts
several hours to days after death depending on individual
and environmental factors (air and water temperatures,
water pollution). Postmortem putrefactive gases have been
demonstrated experimentally in the portal/hepatic veins as
early as 6–12 hours after death. Chromatographic analysis
of gases collected from the heart can assist in differentiating
between gas embolism and putrefactive gases with their
higher concentrations of hydrogen, methane and CO2.
3. Postmortem bubble growth can occur at sea level after the
victim has been recovered. Excess (‘supersaturated’) dissolved inert gas absorbed by tissue during diving before
death can no longer reach the lungs after cardiocirculatory
and respiratory activity ceases and is released from solution
into the unperfused vascular system. Postmortem bubbles
develop in all organs and tissues and have been observed
experimentally by CT in the venous system starting from
the first hour after death, spreading to the arterial system
after about 3 hours, and being widely distributed by 8
hours (Laurent et al. 2013). The extent of postmortem
bubble formation will depend on depth–time exposure.
Examination of the depth–time profile downloaded from
the victim’s dive computer can help in evaluating the likelihood of a dive sufficiently severe to cause DCS (see Fig.
21.40). Unusually large amounts of gas in the right ventricle, veins, soft tissues and joints suggest either postmortem
‘off gassing’ or decomposition (Fig. 21.43). Isolated and
moderate amounts of gas in the liver are usually visible in
early decomposition.
Actual views on the postmortem differential diagnosis
between in vivo gas embolism and postmortem artefacts are
tentative as they are based on relatively scanty data and on
experimental animal models. More research studies and case
series reports are necessary to improve our ability to differentiate among PBT/AGE, DCS and postmortem artefacts.

21.3.6 Conclusions
Diving-related accident investigations require close collaboration among various diving experts to evaluate the role of the
environment, procedures and equipment in the sequence of

events leading to death. In this context, the forensic pathologist
must actively interact with other investigators in order to interpret autopsy findings and determine causes of and factors contributing to death. This multidisciplinary approach provides
more consistent evidence for legal and judicial matters than do
medicolegal investigations alone. Moreover, root cause and
sequential analyses of diving accidents are crucial for improving diving safety by formulating guidelines that might prevent
future accidents.
The most common cause of death in fatal diving accidents
is drowning. Indeed, any time a diver becomes unconscious or
incapacitated in water and is unable to perform self-rescue,
drowning will be the most likely cause of death, regardless of
the accident trigger and events preceding the fatal outcome.
Forensic pathologists must bear in mind that agonal aspiration
of water also occurs when the cause of death is CAGE or any
other definitely lethal acute disease or severe injury.
During recent years, the postmortem CT scan has modified
the conventional autopsy approach and diving-related investigations. CT improves the possibility of detecting intravascular
gases in diving fatalities, but, at the same time, exposes one to
the risk of over-reporting CAGE. On the other hand, increasing
use of CT has resulted in a greater awareness of postmortem
decompression artefacts and putrefactive gases. The difficulty
in obtaining timely CT, especially before the onset of putrefactive changes, is an issue that forensic pathologists currently face
in many regions of the world and may interfere with accurate
diagnosis of CAGE. At the same time, more research and published case series are necessary to improve differentiation
among CAGE, DCS and postmortem gas artefacts.
Investigative authorities and safety agencies, especially in
countries with low incidences of diving-related deaths, should
appoint a team of competent forensic pathologists and other
diving experts to review all autopsy and other investigative
reports. This would allow consistent assessment of underlying
and immediate causes of death and serve as a reliable basis for
diving fatality surveillance systems.
While the number of diving fatality cases that any one forensic pathologist might investigate is usually too few on which
to base comprehensive conclusions, the publication of case
series by qualified personnel such as the investigations of fatalities in the Asia- Pacific region (Lippmann and Lawrence 2012;
Lippmann et al. 2013) is an important step towards improving
epidemiological evidence on which eventually to base countermeasures for reducing diving fatalities. Availability of such data
to safety organisations such as affiliates of the International
Divers Alert Network (DAN America, DAN Europe, DAN AsiaPacific, DAN Japan and DAN Southern Africa) or the British
Sub-Aqua Club (BSAC) would facilitate statistical investigation
of risk factors at an international level and assist in regular
surveillance essential for assessing countermeasure effectiveness. DAN America, for example, has a website to which information about both fatal and non-fatal diving incidents may be
submitted. The information captured through the website is
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Figure 21.43 Postmortem CT findings in a victim of an open-circuit diving fatality associated with an emergency ascent from a 17 m
depth. The CT scan was performed approximately 85 hours after death and shows diffuse air collection densities in the head, trunk and
lower extremities. For example, in intracranial blood vessels and the left eye (a, b), subcutaneous tissues and muscle and the right and
left heart chambers (c, d), liver tissues, spinal cord and abdominal blood vessels (e, f) and lower extremity blood vessels and soft
tissues (g, h). A moderate collection of air in the thorax cavity was also detectable (d). This extensive postmortem putrefactive gas
may have masked in vivo air embolism and hampered the correct diagnosis of PBT/CAGE. The cause of death certified by the forensic
pathologist was drowning.
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summarised and released in anonymised form for the benefit
of the entire diving community.

21.4 Immersion time
Burkhard Madea
Estimation of the time of immersion is a common problem in
forensic medicine. The factors that govern the rate of decomposition in water and the time of appearance of signs of immersion have been known for a long time, and are:
• Water temperature (the most important factor).
• Osmolarity of the water (fresh water, saltwater).
• Bacterial content of the water (e.g. body found in the settling
basin of a sewage plant).
• Stagnant water or running water.
Decomposition will, of course, proceed much faster in warm
than in cold water.
In order to estimate the time of immersion ‘in water of
average temperature climates’ some rules of thumb have been
developed, for example (Knight 1982):
1. No wrinkling of the finger-pads: up to few hours’
immersion.
2. Wrinkled fingers, palms and feet: from half a day to 3 days’
immersion.
3. Early decomposition, often first in the head and neck,
abdomen and thighs: 4–10 days’ immersion.
4. Bloating of the face and abdomen with marbling of the
veins and peeling of the epidermis on the hands and feet
and slippage of the scalp: 2–4 weeks’ immersion.
5. Gross skin shedding, and muscle loss with partial liquefaction of skeletal muscle: 1–2 months’ immersion.
Similar rules for the estimation of immersion times have
been developed in the German literature (Haberda and von
Hofmann 1927; Dotzauer and Tamska 1968; Mueller 1975;
Prokop and Göhler 1976) as in the English literature (Knight
1982, 1996a; Mant 1984; Gee 1985; Polson et al. 1985; Spitz
1993). However, the reliability and validity of these rules is
considered to be low. According to Spitz (1993), wrinkling of
the skin can not be used to determine the period of time a body
was in the water. In the last three decades several authors have
worked on the progression of washerwomen’s skin depending
on water temperature, osmolarity, etc. (Weber 1978, 1982; Reh
1984; Weber and Laufkötter 1984; Püschel and Schneider 1985).
These investigations have never gained practical relevance
because in the very early postmortem interval other methods
such as body cooling give satisfactory results (Henßge et al.
1984, 2007).
More than 40 years ago a German forensic pathologist, Reh,
developed a table for estimating the time interval of immersion
taking into account the actual water temperature and morphological findings of the immersed bodies as identified during
external or internal examination (Reh 1967, 1969; Reh et al.
1977) (Table 21.9). This chart is common in German textbooks

(Brinkmann and Madea 2004; Madea 2007) but seems to be
relatively unknown in the English literature.

21.4.1 Correlation of water temperature
and stages of putrefaction
The investigations of Reh were originally based on 277 bodies
recovered from the river Rhine with a known postmortem
interval. He was investigating whether there is any correlation
between time of immersion and water temperature and, secondly, the signs of death, signs of immersion and stages of
putrefaction (Reh 1967, 1969). The corpses were mainly recovered from the Rhine and Rhine harbour of Düsseldorf (70%),
and a smaller number (30%) from other stagnant or running
waters, lakes and swimming pools. The only bodies considered
where those brought into a mortuary or stored in the cold (4°C,
to prevent further putrefaction) immediately after recovery.
Bodies of newborn or small children were excluded. The external examination was normally carried out 2–3 days after recovery of the body, which is a common time interval between
recovery and legal autopsy in Germany.
The criteria listed in Table 21.9 concerning autolysis, putrefaction and maceration were taken into consideration in each
case. The water temperature at the place of discovery and at the
time of recovery – taken 0.5–1 m below the water surface – were
considered as well.
In Fig. 21.44 the average annual water temperature of the
river Rhine in Düsseldorf from 1961 to 1964 and of the river
Danube in Vienna from 1897 to 1910 is shown. Although the
temperature of the river Danube is slightly lower than that of
the Rhine (lowest difference in March: 1°C; highest difference
from August to February: >1.8°C), the curves are almost identical. However, within any one month the water temperature can
vary considerably even at one place, and it can vary even more
between different sites on the same river. Reh therefore considered the average water temperature for each month from 1961
to 1964; in stagnant waters the temperature was a little higher
than in running waters.
Reh established the following chronological order for the
development of the signs of death and stages of putrefaction:
1. Washerwomen’s skin.
2. Loosening of rigor mortis.
3. Bloating and discoloration of the body.
4. Loosening and loss of skin, hairs and nails, with toenails
lost last of all.
5. Inner body findings: transudate in pleural cavity >500 mL.
6. Heart without blood and liquefaction of the brain.
A definite stage of putrefaction is achieved earlier in higher
water temperatures.
In Fig. 21.45 the dependency of putrefaction on water temperature and time of immersion is shown for three criteria:
• Bloating of the body (gas emphysema).
• Liquefaction of the brain.
• Loosening of toenails.

a

Heart without blood

Brain liquefied

15

16

35

Over 39

35

Over 53

Over 53

Over 53

35

Over 35

(1)

35

35

35

30 (40)

32–34 (40)

25 (40)

Over 60

60

40

(1)

45

(45)

30–32 (40)

28–30 (1)

25

25

25

25

25

3.9°

Feb.

(23)

23

18 (35)

53

35

26 (35)

(12)

30 (40)

23

23

(12)

16 (23)

16 (23)

16 (23)

16 (23)

16 (23)

5.8°

Mar.

14–16

14–15

10

Over 35

16

17

(1)

21

16

16

10–12

(16)

(14)

10

9–10

9.9°

April

5

9

5

Over 28

10

10

14

10

5

4–5

4–5

4–5

4–5

4–5

13.0°

May

All times are minimum time of duration of immersion except values in brackets, which are maximum times.

Transudate in pleural
cavities (>500 mL in
adults)

Feet: beginning of wrinkling

10

14

Nails lost

9

Nails lost

Peeling of skin in glove
form

8

13

Over 53

Nails become loose

7

Nails become loose

Hands: beginning of
wrinkling

6

Peeling of skin

Hair lost

5

11

Peeling of the epidermis

4

12

(1)

Discoloration of the body

3

35

Distension of tissues by gas

2

32

Marbling

3.5°

Median water temperature
(°C)

1

Jan.

Month

Table 21.9 Reh’s table to estimate the minimum time interval of immersiona (days).

3–4

4

3–4

Over 10

5

5

(6)

8

3

2–3

(6)

2–3

3

2

2–3

2

17.4°

June

3

3

3

3

3

3

0.5

3

3

3

2–3

2

2

2

1–2

18.6°

July

3

3

3

Over 10

5–6

4

4

3–4

3

3

3

3

3

2

18.6°

Aug.

6

5

11

Over 10

8–9

8

2

10

4

3–4

2

3–4

3–4

3–4

3–4

3

17.3°

Sept.

10

11

5

Over 11

Over 11 (14)

12

Over 11

7

11

7

7

7

7

4–5

13.2°

Oct.

17

20

Over 20

Over 20

20

17

2

20

20

17

2

10

10

10

10

10

8.8

Nov.

28

28

Over 35

28

28

(1)

Over 35

28

28

(1)

17

17

17

17

17

4.7°

Dec.
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Rhine
Danube

(minimum 24–26 days), the minimum time interval in July is
only 2–4 days. The different signs of putrefaction take place
simultaneously.

18

Temperature (°C)

16

21.4.2 Table for estimating the minimal
time interval of immersion
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Figure 21.44 Average annual water temperature of the river
Rhine in Düsseldorf from 1961 to 1964 and the river Danube in
Vienna from 1897 to 1910.
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Mean water temperature of the Rhine
Minimum time for gas emphysema
Minimum time for liquefaction of brain
Minimum time for loosening of toe nails
Figure 21.45 The dependence of putrefaction on water
temperature and time of immersion. Bodies were kept for 2–3
days in the mortuary.

For all three criteria the minimum time interval is given and it
is evident that with higher water temperatures decomposition
is accelerated. While in March loosening of toenails or liquefaction of the brain requires a time interval of well over 20 days

Reh developed a table for the minimum time intervals of
immersion from the average water temperatures for each
month and stage of decomposition (Table 21.9). In the left
hand column the signs of decomposition are numbered 1–16,
and across the top the months are correlated with an average
monthly water temperature.
As many criteria as possible should be used in estimating the
minimum time interval since death; the more criteria used, the
more reliable the result. Every sign of putrefaction is correlated
to a minimum time during which this sign can develop. For
example marbling can be found after a minimum of 32 days in
January. After determining the signs of putrefaction and considering the minimum times for each sign, the longest minimum
time – the sign developing the last – will be the minimum time
for immersion in water. For example, if a body found in January
has marbling (32 days) and liquefied brain (35 days), the
minimum time interval of immersion is 35 days because only
after 35 days is brain liquefaction seen. The maximum time of
immersion can also be determined: a heart without blood can
not be found until after 39 days. If the heart contains blood, the
body has been immersed for less than 39 days. Our example
has a minimum time of immersion of 35 days and a maximum
time of immersion of 39 days. The better the estimation
of immersion time, the more use it will be in helping the
investigation.
For estimating the minimum time of immersion, the average
water temperature that is nearest to the actual water temperature at the time of recovery is considered and not the water
temperature of that month. Reh (1967, 1969) proposes using
the water temperature found on the day of recovery for the
estimation.
Those criteria that have not yet developed in the corpse can
also be used to estimate the maximum time of immersion. If
in June marbling, bloating and discoloration have developed,
and the nails are loose but not lost, it may be concluded that
the interval of immersion is over 3 days but less than 8 days.
In recent years the Rhine’s water temperature has exceeded,
especially in summer, the temperatures used by Reh. Nevertheless, a careful estimation of the minimal time of immersion is
possible if the highest temperature given in the table is considered. The chart has been found to be more accurate than the
formerly used rules of thumb (Madea 2002). However, the following requirements have to be met to avoid miscalculations:
bodies should have been kept at low temperatures (4°C) for 2–3
days after recovery. If the examination is carried out immediately after recovery, the table can be applied but the bodies must
not have been exposed to environmental temperatures for a
long period. It is also important to ascertain whether there was
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a time interval between death and immersion. Having this in
mind and taking into account as many criteria as possible, a
careful estimation of the minimum and maximum time interval of immersion can be made.
In 1977 Reh et al. published, as an addition to their table,
temperature–time diagrams for different stages of putrefaction
and maceration which also allow an estimation of the minimum
interval of immersion. These diagrams are based on observations on 395 bodies recovered from water. The requirements
are the same as for the table. Reh states in this paper that there
is no difference between running and stagnant water in the
chronological development of the parameters of putrefaction
and maceration and that the main point to consider is water
temperature at the time of recovery.

Evaluation of validity and reliability
A recent re-evaluation of the reliability of Reh’s table using
73 bodies with known postmortem intervals (Doberentz
and Madea 2010) revealed the following. Actual water temperatures have risen during the last 40 years compared with the
average monthly water temperatures in the table. In summer
especially, reliable results can only be expected when the actual
water temperature is similar to the temperatures in the table.
The time interval of immersion may be underestimated, especially for higher water temperatures, since systematic observations on the progression of putrefaction in correlation to the
higher water temperatures are missing. Therefore, this table
needs to be adapted. For lower water temperatures the chart
is still accurate but for higher water temperatures (over
20°C) Reh’s table is unreliable and further investigations are
necessary.

Useful website
Divers Alert Network America, www.diversalertnetwork.org/
IncidentReport (last accessed 16 April 2013).
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Injuries due to Heat

Burkhard Madea

22.1 Introduction
Burns are injuries primarily to the skin due to heat or high
temperatures (Table 22.1). A burn may also be caused by electricity, chemicals, light and radiation. Scalds are injuries caused
by hot liquids (water or oil) or gases (steam); in contrast to
burns, hair is not damaged thermally in cases of scalding.
Chemical burns, current accidents and contact burns (which
are of special importance in forensic medicine) cause characteristic injuries.
The following are of forensic relevance:
• Accidental deaths within a fire.
• Deaths in cases of arson.
• Suicidal self-immolation.
• Disposal of corpses.
• Homicides by burning.
Spilling someone with hot liquids or immersing someone in
hot liquids are cases of scalding with special medicolegal interest. Scalds of patients in a bathtub may also be of interest
(breach of the duty of supervision).

22.2 Burns from heat
22.2.1 Correlation between heat damage,
temperature, time of exposure and
depth of burns
Local heat damage of the skin and mucosa mainly depends on
the temperature and time of exposure. The degree of heat

Handbook of Forensic Medicine, First Edition. Edited by Burkhard Madea.
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damage is principally dependent on the temperature developing in the tissue depths, not only the surface temperature. The
deep tissue temperature depends on the thermal capacity and
conductivity of the different tissue layers. With increasing radial
penetration depth, the temperature within the tissue declines
rapidly. Figure 22.1 shows the penetration of heat into tissues
after scalding and in contact burns for different impacts (scalding for 2 and 20 seconds, contacts for 10 and 60 seconds). The
temperature–time profiles are shown for different depths of the
tissues. In scalding, the tissue temperatures are higher than in
contact burns, although the time impacts are much lower.
Extensive animal experiments and experiments with human
volunteers on the effect of duration of heat impact, impacting
temperature and degree of thermal damage of skin have been
carried out (Moritz and Henriques 1947). In these experiments
exposure times and temperatures were varied systematically.
Figure 22.2 shows the resulting temperature–time curve for
temperatures between 44°C and 70°C (scald). The lowest water
temperature causing scalds was 44°C, but to achieve irreversible
damages a heat impact of 6 hours was necessary. An exposure
to 60°C hot water for 3 seconds caused transient hyperaemia
(first degree damage). An exposure of 5 seconds caused complete necrosis of the epidermis. Similar threshold values identified for the impact of dry heat were shown to be considerably
higher due to a different heat conductivity of the impacting
media (Fig. 22.3).
Figure 22.4 shows the temperatures developing in the tracheobronchial system when hot air or steam affects the respiratory tract. In an experiment, dry air with a temperature of
350°C affected the respiratory tract causing antemortem temperatures of 159–182°C within the larynx but no temperature
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Table 22.1 Classification of burn sources.
Source

Examples

Heat

Chemical burns
Scalds caused by hot damp air or steam or gases
Hot materials and liquids
Direct impact of flames

Radiation

Gadgets emitting heat (sun lamps, infrared lights)
Radiation of atomic energy

Electric current

Contact with conductors
Spark discharge (lightning)

After vaporisation for 20 s
80

80
70
After vaporisation for 2 s

60
0.5 mm
1 mm
2 mm
3 mm
4 mm

50
40
30

60
50
40

Initial temperature

20

30

0

1
Time (min)
(a)

2

20

3

80

80

70

70
Temperature (°C)

Temperature (°C)

Temperature (°C)

Temperature (°C)

70

60
50

After contact for 10 s

40
30
20

0

60

1
Time (min)
(b)

2

3

2

3

After contact for 60 s

50
40

Initial temperature

30

0

1
Time (min)
(c)

2

3

20

Initial temperature

0

1
Time (min)
(d)

Figure 22.1 Heat penetration into the tissue after scalding (a, b) and contact burns (c, d) of various durations (scalding for 2 and 20
seconds, contact burn at 70°C for 10 and 60 seconds). The temperature–time course is shown in tissues at the depths of 0.5 mm
(blue), 1 mm (yellow), 2 mm (green), 3 mm (red) and 4 mm (brown; 4.5 mm in (b)). Original data from Allgöwer and Siegrist (1957) and
Madea and Schmidt (2007).
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increase in the bifurcation (Moritz et al. 1945). When dry air
of 550°C was applied to the respiratory tract, 267–327°C was
measured in the larynx and 50°C in the bifurcation. Figure 22.4
also gives the temperatures developing within the larynx and
bifurcation for fire and damp air (>100°C). Damp air causes a
damaging temperature increase at clearly lower temperatures

22.2.2 Burn wound classification
There are a number of different burn wound classifications.
The traditional system is divided into first degree, second
degree, third degree and fourth degree burns. This traditional
system has today been replaced or combined with other systems
reflecting the requirement of surgical intervention (superficial,

70
65
65

500

55

400

50
45
40

5 10

100
1

2

5

104 sec.
103
10 30 60 1 2 3 4 5
min.
hours

Time
Figure 22.2 Time–surface temperature thresholds at which
cutaneous burning (scalding) occurs. The dashed line indicates
the threshold at which irreversible epidermal injury of porcine
skin occurs. The solid line indicates the threshold at which
epidermal necrosis of porcine skin occurs. The results of critical
experimental exposure of human skin specimen are indicated by
points. Exposure time is given in seconds against the surface
temperature of the skin. Original data from Moritz and Henriques
(1947).

Temperature (°C)

Temperature (°C)

compared to fire due to its higher heat conductivity. Because of
this physical fact, in steam boiler explosions not only the skin
is damaged but also the mucosa of the respiratory tract.

300
200
160
120
100
80
70
0

2

4

6

8

10

12

14

Time (min)
Figure 22.3 Temperature–time curves in cases of radiation with
temperatures up to 500°C. Curve I: threshold for reversible
damage; curve II, threshold for hyperaemic damage; curve III:
threshold for ischaemic damage. After Moritz and Henriques
(1947).

Dry air (550°C) Dry air (350°C)

Fire

Damp air (>100°C)

267–327°C

159–182°C

327–550°C

94–106°C

50°C

0

51–135°C

53–94°C

Figure 22.4 Temperatures in the larynx and bifurcation of the trachea in cases of inhalative trauma, for dry and damp air. Original
data from Moritz and Henriques (1947); modified according to Madea and Schmidt (2007).
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superficial–partial thickness and full thickness burns) (Fig. 22.5
and Table 22.2).

First degree burns or superficial burns
The characteristic finding of a first degree burn is erythema
without blistering. The epidermis is intact, although some
damaged cells might desquamate. The reddened skin is painful.
Histologically, first degree burns show dilated, blood-filled
dermal vessels. Complete healing takes 8–10 days.

superficial (papillary) dermis and may also involve the deep
(reticular) dermis layer. The blisters are filled with serous liquid
in the layer between the epidermis and dermis.
In second degree superficial burns only the epidermal and
granular layers are destroyed whereas the basal cell layer remains
intact. Healing takes place within 2–3 weeks. In deep second
degree burns the complete epidermis, including the basal cell
layer, is destroyed, whereas epidermal appendages (hair, perspiratory glands) stay intact and are the basis for multicentre
re-epithelialisation. The healing process is delayed and can last
for more than 3 weeks.

Second degree burns or partial or
full thickness burns

Third degree burns

This type of burn is characterised by blistering. The skin is
damp, reddened and painful. Second degree burns involve the

Third degree burns are characterised by a coagulation necro
sis of the entire epidermis and dermis with deletion of the

Layer

Degree

Epidermis

I

IIa
Dermis

IIb

Subcutis

III

Muscle

IV

Figure 22.5 Degree of burns and dermal layers.

Table 22.2 (a) Degree of burn and the main symptoms.
Degree of burn

Depth of burn

Colour and appearance

Tissue structure

Capillary
filling

Sense
of pain

Healing

First degree

Superficially epidermal

Red

Normal

+

+

5–10 days

Second degree

Superficially dermal
Deeply dermal

Red, blisters
Pink or white, blisters

Oedematous
Thickened

+
+/−

+
+/−

12–20 days, few scars
20–60 days, scarring

Third degree

Transdermal

White, brown

Leathery

−

−

No spontaneous healing

Fourth degree

Subcutaneous

Charred

Skin is missing

−

−

No spontaneous healing
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Table 22.2 (b) Burn wound classification.
Degree of burn
Superficial partial
thickness (second
degree)

Deep partial
thickness (second
degree)

Full thickness
(third degree)

Full thickness
(fourth degree)

Intense radiant
energy; scalding
liquids, semi-liquids
(e.g. tar) or solids;
flame

Prolonged contact
with flame or
scalding liquids;
steam; hot
objects; chemicals,
electric current

Electric current;
prolonged
contact with
flame (e.g.
unconscious
victim)

Epidermis
destroyed;
minimal damage
to superficial
layers of dermis;
epidermal
appendages intact

Epidermis destroyed;
underlying dermis
damaged; some
epidermal
appendages remain
intact

Epidermis, dermis
and epidermal
appendages
destroyed; injury
through dermis

Epidermis, dermis
and epidermal
appendages
destroyed; injury
involves
connective
tissue, muscle
and possibly bone

Erythematous,
hypersensitive,
no blister
formation

Moist and weepy,
pink or red,
blisters,
blanching,
hypersensitive

Pale; decreased
moistness;
blanching absent or
prolonged; intact
sensation to deep
pressure but not to
pinprick

Dry, leather-like;
pale, mottled
brown or red;
thrombosed
vessels visible;
insensate

Dry, charred;
mottled brown,
white or red; no
sensation; limited
or no movement
of involved
extremities or
digits

Complete healing
within 5 days
without
scarring

Complete healing
within 21 days
with minimal or
no scarring

Prolonged healing
(often longer than
21 days); may
require skin grafting
to achieve complete
healing with better
functional outcome

Requires skin
grafting

Requires skin
grafting;
amputation of
involved
extremities or
digits likely

Feature

First degree

Cause of injury

Prolonged
ultraviolet
light exposure;
brief exposure
to hot liquids;

Brief exposure to
flash, flame or hot
liquids

Depth of injury

Limited damage
to epithelium;
skin intact

Wound
characteristics

Treatment
course

epidermal appendages. The skin is dry, white and leather-like.
The sense of pain is destroyed.

Fourth degree burns
In fourth degree burns the skin and subcutaneous fatty tissue
as well as muscles and bones are affected. The tissue is charred.

22.2.3 Burned surface area
The total body surface area (TBSA) of burns can be calculated
according to the rule of nine (Fig. 22.6). It must be remembered
that the head of an infant is proportionally bigger than that of
adults.
The TBSA is of relevance for the prognosis as is the distribution of burned areas over the body, which may be of importance
in reconstructing the case (e.g. to ascertain what position the
body was in at the beginning of a fire). The degree of burn
(depth of burn) and the victim’s age are also important (Table

22.3). With increasing age (>40 years), the prognosis deteriorates, but newborns and infants are also especially endangered.
If age and burn surface area of a second or third degree burn
(burn index) add up to 100, the chance of survival is 50% at
best even with optimal therapy. According to clinical experiences a burn index of <80 implies a fairly low mortality, whereas
an index of 80–120 implies acute danger of mortality. In cases
of a burn index >120, survival is improbable. Even today adult
patients with deep burns of more than 30% of the body surface
have a poor prognosis and burns of more than 50% of the body
surface are survived in exceptional cases only. In cases of an
additional inhalation trauma (indicated by burns of the face or
the perioral region) the prognosis worsens.

22.2.4 Postmortem heat damage
The destruction of a corpse within a fire is caused by the direct
impact of heat as well as by the creation of steam with extra-,
intra- and transcellular altering from the liquid to the gaseous
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Adult

Older child and young adult

9%

Body part

% of total body surface

Arm
Head
Cervix
Leg
Torso in front
Torso back

9%
9%
1%
18%
18%
18%

1%

A

18%

1%
2%

2%

2%
13%

13%

18%

1.5%

1.5%

1.5%

1.5%
2.5%

18% 18%

18%

18%

9%

1.5%

2.5%

1.5%

1.5%

4.75% 4.75%
B B

4.75%
4.75%
B B

C C
3.5% 3.5%

C C
3.5% 3.5%

1.75% 1.75%

1.75% 1.75%

Child
9%

18%

14%

1%

1.5%

3.5%

1%

2%

9%

9%

A

3.5%

14%

Body part

% of total body surface

Arm
Head and cervix
Leg
Torso in front
Torso back

9%
18%
14%
18%
18%

Age
A = half head
B = half thigh
C = half leg

0–1
9.5 %
2.75 %
2.5 %

1–4
8.5 %
3.25 %
2.5 %

5–9
6.5 %
4%
2.75 %

10–14
5.5 %
4.25 %
3%

15
4.5 %
4.5 %
3.25 %

Figure 22.6 Rule of nine for the estimation of the burned body surface: arm 9%, head 9%, neck 1%, leg 18%, anterior trunk 18% and
exterior trunk 18%. These rates vary depending on the age of the child or young adult, as shown.
Table 22.3 Mortality probability for various combinations of ages and burnt body surface (1 = 100%). After Herndon (1997) and Allgöwer
et al. (1998).
Burnt body
surface (%)

Age in years
0–4

5–9

10–14

15–19

20–24

25–29

30–34

35–39

40–44

45–49

50–54

55–59

60–64

65+

68+

1

1

1

1

1

1

1

1

1

1

1

1

1

1

63–67

1

1

1

0.7

0.9

0.9

0.9

1

1

1

1

1

1

1

58–62

1

1

0.9

0.8

0.8

0.8

0.8

0.9

1

1

1

1

1

1

53–57

0.9

0.9

0.8

0.8

0.7

0.7

0.7

0.8

0.8

0.9

1

1

1

1

48–52

0.8

0.8

0.7

0.7

0.6

0.6

0.6

0.7

0.8

0.8

0.9

1

1

1

43–47

0.7

0.7

0.6

0.5

0.5

0.5

0.5

0.6

0.7

0.7

0.8

0.9

1

1

38–42

0.6

0.5

0.5

0.4

0.4

0.4

0.4

0.5

0.5

0.6

0.7

0.8

0.9

1

33–37

0.5

0.4

0.3

0.3

0.3

0.3

0.3

0.4

0.4

0.5

0.6

0.7

0.9

1

28–32

0.4

0.3

0.2

0.2

0.2

0.2

0.2

0.3

0.3

0.4

0.5

0.6

0.7

0.9

23–27

0.2

0.2

0.1

0.1

0.1

0.1

0.1

0.2

0.2

0.3

0.3

0.5

0.6

0.8

18–22

0.1

0.1

0

0

0

0

0.1

0.1

0.1

0.2

0.2

0.3

0.5

0.7

13–17

0

0

0

0

0

0

0

0

0

0.1

0.1

0.2

0.3

0.5

8–12

0

0

0

0

0

0

0

0

0

0

0

0.1

0.2

0.3

3–7

0

0

0

0

0

0

0

0

0

0

0

0

0.1

0.2

0–2

0

0

0

0

0

0

0

0

0

0

0

0

0

0.1
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phase. The bodily fluids commence to boil (boiling point of
water c. 100°C) and vaporise (Fig. 22.7). With continuing temperature rise the steam expands further. The increase in body
temperature results in heat fixation of the tissues as well as
temporary inflation (similar to putrefaction) caused by vaporisation. Bodily fluids and lymph are boiled and evaporated, the
lips become swollen, the tongue protrudes and liquids leak
200
Temperature at the
surface

Temperature (°C)

150

Temperature below
the epidermis
No subcutaneous
tissue
With subcutaneous
tissue (1.2 cm)

100

Temperature in the
subcutaneous tissue
(1.2 cm)

50

0

0

10

20

30

40

50

Time (min)
Figure 22.7 Temperature–time curve on the surface of the skin
and subepidermally. On the surface of the skin the surrounding
temperature is quickly achieved but subepidermally there is a
plateau at 100°C (vaporisation of tissue water with swelling of
the lips and protruding tongue). Reproduced with permission
from Madea and Schmidt (2007), © Springer; original data from
Sachs (1973).
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from the mouth and nose. Subsequently the skin and bone
shrink.
Morphological findings in burnt bodies may cover a broad
spectrum from nearly intact bodies with just some soot deposition on the skin to severely burnt bodies with extensive charring
to skeletal remains without any soft tissues or total incineration.
The appearance of a burnt body depends on the temperature,
duration of impact and type of heat transmission. When a
person dies within a fire, heat transmission does not stop with
death and postmortem heat effects may be dominant, due to:
• Burns of the exposed tissues with consumption of the tissue
by fire.
• Changes in the content and distribution of tissue fluids and
vaporisation of body fluids.
• Fixation of tissue due to fluid loss.
• Shrinking processes due to fluid loss.
As a consequence of the shrinking process of tissues, the skin
is tight and may split; petechial haemorrhages of the conjunctivae may even be found. The loss of fluids causes a heat fixation
of the skin and internal organs. The skin becomes brownish
and leather-like; induration of the internal organs may also be
observed. A pugilistic attitude of the body is common, with the
arms abducted in the shoulder joints and flexed in the elbow
joint and the legs abducted in the hip joint and flexed in the
knee joint. This position, which is more usually seen on supine
bodies, is caused by heat shrinkage of the muscles and tendons.
As there is a predominance of flexor muscles, a flexion of the
joints results. As the body fluids vapourise and shrink a protrusion of the tongue and lips is caused. In cases of fire, therefore,
the teeth are protected for a comparatively long time and even
in severely charred bodies odontological identification may be
possible. However, after shrinkage of the lips, the teeth are
exposed to the fire and may also be destroyed.
Characteristic findings of postmortem heat damage (Table
22.4) include:

Table 22.4 Effects of heat on the body and related external and internal findings. Reproduced with permission from Bohnert (2004),
© Springer.
Effects of heat

External findings

Internal findings

Burns

Burns of skin
Singeing of hair
Consumption by fire

Burns and consumption of internal organs and bones
Oedema, mucosal bleeding, and detachment of the mucosa
of airways

Changes of content
and distribution
of tissue fluid

Skin blisters

Vaporisation of body fluids
Rupture of abdominal wall with prolapse of intestinal loops
Leakage of fluid from mouth and nose
Heat haematoma
Accumulations of fat in body cavities, vessels or heart

Heat fixation

Leather-like, brownish fixation of the skin

Induration of internal organs and muscles
Fragmentation of erythrocytes

Shrinking of tissue

Tightening of skin
Splitting of skin
Protrusion of tongue
Petechial haemorrhages of neck and head
Pugilistic attitude

Shrinking of organs
‘Puppet organs’
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Figure 22.8 Splitting of the skin.

1. Splitting of the skin. Shrinkage can cause splitting of the
skin, followed by bursting of the abdominal wall with
opening of the cavity. Since these lacerations may be quite
straight and smooth they should not be mistaken for vital
incised wounds (Fig. 22.8).
2. Pugilistic or boxer’s attitude. Heat-related flexion with
shrinking of the muscles and fibres causes a characteristic
appearance of the corpse with abduction of the shoulder
joints, flexion of the elbows and wrist joints and extension
of the legs and pes equinus (Fig. 22.9).
3. Heat haematoma. A direct impact of flames on the skull
finally leads to an epidural accumulation of brick-red or
brownish, brittle, dry or mud-like blood that might also be
liquid or semiliquid. This postmortem epidural extravasate
originates from an extrusion of blood in the skull, which
is compressed against the dura mater, as well as from
shrinking and ablation of the dura mater of the inner
surface of the skull (Fig. 22.10).
When recovering a corpse from a fire scene one of the main
tasks is – beside clarification of identity, underlying diseases
and cause of death – to find out whether the dead person had
been alive when the fire started or whether the person was
already dead. Even if the soft tissues and muscles are largely
charred, these questions can often be answered because the
inner organs are usually relatively well preserved (heat fixation
caused by fluid loss) due to the radial temperature decline
(towards to the body core).

Figure 22.9 Pugilistic attitude of a burned body.

Vital signs and reactions
1. Soot inhalation. The inhalation of soot particles into the
bifurcation of the bronchial tree is a definite vital reaction.
General autopsy findings are sooting of the respiratory
tract including the fine bronchi and abundant mucous
secretion (Figs 22.11 and 22.12).
2. Soot swallow. Simultaneously, soot may be swallowed and
particles found in the stomach or upper part of the small
intestine.
3. Smoke inhalation. If someone is burnt alive positive carbon
monoxide (CO) findings are expected. Nevertheless the
arterial carboxyhaemoglobin (CO-Hb) concentration
depends on the age of the individual as well as on the circumstances and site of the fire. In older victims the concentration is often significantly lower than in younger
victims. In cases of fires in rooms, negative CO findings
might occur despite closed doors and soot inhalation.
Similarly, fires outdoors (often suicidal self-immolation)
may frequently result in low or negative CO-Hb findings.
Typical autopsy findings of CO poisoning are light,
red-coloured blood and salmon-pink-coloured muscles.
However, light red-coloured blood may also be a consequence of the heat impact without a simultaneous increase
of the CO-Hb concentration. When nitrogen-containing
polymers (of natural or synthetic origin) are combusted,
either nitric oxide or hydrogen cyanide (HCN) is produced
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Figure 22.10 Heat haematoma showing epidermal haematoma
over the right hemisphere; view into the skull from the occiput.
Courtesy of Professor G. Dotzauer.

(a)
Figure 22.11 Soot inhalation into the larynx (a) and trachea (b).

Figure 22.12 Histology of soot inhalation: soot mixed with
mucus and desquamated epithelia due to inhalative trauma
congestion of the submucous vessels.

(b)
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Table 22.5 Fire gases and their effects. Reproduced with permission from Daunderer (1982), © Deutsches Ärzteblatt, Ärzte-Verlag
GmbH.
Gas

Set free during combustion or
carbonisation of:

Symptoms of toxicity

Lethal concentration in
10 min (ppm)

Toxic gas
Hydrocyanic acid

Wool, silk, polyacrylonitriles, nylon,
polyurethanes from mattresses,
upholstered furniture, curtains,
carpets, cars, airplanes and paper in
various degrees

Respiratory poison, rapidly fatal

180

Carbon dioxide

From open fire and smouldering
material, complete combustion of all
organic substances (heavier than air)

Mucous membrane irritation, dyspnoea,
convulsions, apnoea

80 000

Carbon monoxide

Incomplete combustion of all organic
substances (lighter than air)

Haemotoxin, nausea, headaches,
unconsciousness, apnoea

1000–2000

Acrolein

Polyolefins (overheating of edible fat)
and cellulose products under low
temperatures (<300°C); it is
destroyed at high temperatures
(>800°C)

Mucous membrane irritation, vertigo,
drowsiness, unconsciousness,
pulmonary oedema

30–100

Ammonia

Wool, silk, nylon, synthetic resin,
fertiliser, usually low concentration
within domestic fire

Pungent, intolerable odour that irritates
eyes and nasal mucosa, pulmonary
oedema

1000

Bromofluorcarbons

Fluorine-containing resins or films and
some refractory materials containing
bromine

Respiratory dysfunction, pulmonary
oedema

Hydrogen fluoride, 4000
Carbonyl fluoride. 100
Hydrogen bromide, >500

Isocyanates

Few from polyurethanes

Strong lung irritant

100

Nitrous gases

Small amounts from textiles, larger
amounts from cellulose nitrate and
celluloid, fertiliser

Severe lung irritation after latency time,
may lead to immediate death or
long-term damage

>200

Hydrochloric acid

Cable insulating materials like PVC,
chlorinated acrylics and hardened
metals

Eye cauterisation, severe lung irritation,
intensity of poisoning of bound
hydrochloric acid higher than that of
the same quantity in the gaseous state

500

Sulphur dioxide

Sulphur-containing compounds and
their oxidation products

Strong irritant gas, incompatible in much
smaller doses than fatal gases

50–100

Lung irritants

depending on the amount of oxygen available. Fatal inhalatory cyanide intoxication may result after a longer lasting
cyanide exposure if the HCN concentration is around
90 ppm, and after short exposure if the HCN concentration
in the air has reached 180–270 ppm. Fire gases and their
effects are summarised in Table 22.5.

22.2.5 Thermal injuries of the respiratory
tract (inhalation trauma)
Characteristic injuries of the respiratory tract are caused by
inhalation of hot air. In cases of immediate death, a frazzled
and coagulation necrosis of the membrane mucosa can be
found in the nasopharynx, larynx and trachea. The ciliated

epithelium of the trachea shows a cell and core elongation
aligned towards the lumen. Vital reactions are: (i) severe oedema
of the mucosa with lymphatic ectasia; (ii) capillary and venous
hyperaemia with microhaemorrhages; and (iii) intra-alveolar,
interstitial septal and perivascular pulmonary oedema.

22.3 Causes of death from heat
Causes of death due to heat and fire can generally be divided
into immediate death at the site of the fire and late death that
occurs as a consequence of the fire.
Immediate deaths are caused by:
• Smoke inhalation.
• Local injuries of the skin.
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Subsequent deaths are due to:

• Burn disease (renal function impairment).
• Infectious complications of the tracheobronchial system (in
cases of inhalation trauma) or of the skin lesions.

22.3.1 Death caused by heat and flames
without vital signs
The frequency of these kinds of death is given in the literature
as 3–10% of all deaths caused by burns. If natural death or
homicides are excluded, the following causal factors have to be
taken into consideration:
1. Cyanide intoxication. Depending on the material burnt,
cyanide intoxication can develop very quickly and, thus,
increased CO-Hb concentrations might not be found.
2. Flashfire. Death may be due to apnoea from laryngeal
spasm, bronchial spasm, vagal reflex or inhalative heat
shock.
3. Oxygen deficiency. Oxygen depletion by the fire source may
lead to death.
4. Heat shock. This involves reallocation of the circulating
blood volume due to skin exposure to heat.
5. Heat rigor. Functional impairment of breathing is caused
by sudden heat rigor of the thorax.

22.3.2 Duration of a fire and associated
degree of charring of a corpse
Any particular temperature causes a defined progression of
incineration of a corpse. Thus, the duration of a fire can be

derived from the degree of burning. Information on the duration of a fire might be of special importance if alibis or the
validity of a suspect’s perception of a fire have to be checked.
A corpse is fully burnt except for small bone pieces in
modern crematoria after 1 to 2 hours.
Only in rare cases does the correlation between the duration
of a fire and the degree of charring gain forensic importance
and only a few reports on this issue can be found in the literature. According to Richards (1977), arms are badly charred at
a temperature of 680°C after 10 minutes, legs are badly charred
after 14 minutes, face and arm bones after 15 minutes, shin
bones after 25 minutes, ribs and skull after 20 minutes, and
thighs and shin bones after 35 minutes. Extensive observations
on the destruction of the skull and teeth have been carried out
during cremations. Further observations on the time course of
the destruction of whole human bodies during cremations at
temperatures between 670°C and 810°C have been published
by Bohnert et al. (1998). The bodies showed a pugilistic attitude
after about 10 minutes; after 20 minutes calvaria were free from
any soft tissue and heat fractures of the tabula externa could be
noticed. Body cavities became visible after c. 30 minutes so that
the organs were exposed and 40 minutes after cremation had
started the internal organs were severely shrunken and showed
a net, sponge-like structure. After about 50 minutes the extremities were destroyed to an extent, leaving only the torso which
broke apart after 1.5 hours. The complete incineration of a
human body took about 2–3 hours. At the end of a cremation
with temperatures ranging from 800°C to 1200°C only ashes
weighing 1–3 kg are left. The effects of fire on the skull and
trunk and extremities in different observational studies are
shown in Tables 22.6 and 22.7.

Table 22.6 Effects of fire on the skull. Reproduced with permission from Bohnert et al. (1998), © Elsevier.
Temperature

Time (min)

1000–1100°C (Günther and Schmidt 1953)

8–10

Soft tissues of the face charred

13–16

Forehead and vertex free of soft tissues,
protruding facial bones and calcinated

20
20–25

680°C
(Richards 1977)

670–810°C (Bohnert et al. 1998)
Skull cap free of soft tissue, soft tissue
of the face charred

Bones of face
showing
Skull showing

Sparse soft tissues remain in the face,
heat fractures of the skull cap

Severe shrinkage of soft tissues at the skull,
calvaria breaks, brain superficially charred,
destruction of prominent parts of the facial skull

30

Tabula externa of the calvaria crumbling

40

Brain showing, bones of face begin to
disintegrate, bones of face largely
destroyed, base of skull showing

45–75

Base of skull still intact, head sometimes
separated from trunk
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Table 22.7 Effects of fire on the trunk and extremities. Reproduced with permission from Bohnert et al. (1998), © Elsevier.
Temperature

Body region

Time (min)

Thorax/ abdomen

20
30

680°C
(Richards 1977)
Ribs showing

Thorax muscles charred, ribs and sternum showing
Thoracic and abdominal cavities exposed,
organs blackened and shrunken
Shrunken, charred organs with bumpy surface
Organs largely consumed by the fire

Arms badly charred
Bones of arms
showing

Pugilistic attitude

40
50
Arms

10
15
20

Hands largely destroyed, ulna and radius partially showing,
hands and distal forearms burnt away, forearms completely
consumed, upper arms largely free of soft tissue
arms burnt away

50
Legs

14
20
25
30
35

670–810°C (Bohnert et al. 1998)

Legs badly charred
Carbonisation of muscles
Shin bones showing
Tibia and distal femur free of soft tissue
Thighs and shins
completely bone

50

Temperatures during cremation are similar to those reached
in house fires. Therefore these observational studies can be used
as a basis for the estimation of the duration of a fire in correlation to the charring of a body. There is agreement in the literature that it is very difficult to completely destroy a body by fire
(e.g. attempting to dispose of the body of a victim of crime).
Severely burned bodies are best classified by the Crow–
Glassmann scale (Table 22.8).

22.3.3 Checklists for the examination of
burnt bodies

Calcinated stumps of the thighs

Table 22.8 Crow–Glassman scale of burn-related destruction of
the corpse. After Bohnert (2004).
Level 1

Second-degree burns, sometimes singeing of the
hair; visual identification possible

Level 2

Burns of varying severity, sometimes with thermal
destruction/amputation of ears, genitals, hands
or feet; visual identification may still be possible

Level 3

Consumption by the fire with partial amputation of
arms and/or legs; cerebral cranium intact

Level 4

Bony lesions of the cerebral cranium; residual
extremities still present

Level 5

Fragmented skeletal remains without soft tissue

Adhesions of the scene of the fire on the body
1. Distribution, extension and layer thickness of soot
adhesions.
2. Traces of oxidising agents (e.g. fire starter or accelerants,
inflammable liquids).
3. Type, amount and distribution of incendiaries and hot
materials, especially highly heated parts of metals, melted
glass or aluminium that might show a possible position of
the victim. Traces of melting construction material (e.g.
ceiling liners) and burning materials such as flammable
liquids in suicides or fire accelerants in accidents.

4. Oddments of objects that fell on the body such as the construction material of collapsing buildings.
5. Material adhesion on the hands.

Clothing
1. Localisation, extension, form and direction of thermal
damage (consider clothing layers).
2. Damage not caused by the fire.
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3. If a reliable identification of a burnt corpse is not possible,
look for individual signs like the size of garments, material,
type, colours, labels, content of pockets (e.g. personal documents, pieces of jewellery) and watch (time).
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and of central nervous system depressant drugs and narcotics and examination of blood regarding alcohol intoxication (reduced ability to act when the fire started)
4. Hair analysis for the verification of a possible chronic drug
abuse (might also help in individualisation).

Postmortem external examination
1.
2.
3.
4.
5.

6.

7.
8.
9.

Postmortem lividity; are nailbeds coloured light red?
Thermal damage of scalp hair, eyebrows and beard.
Crow’s feet.
Soot in the nostrils and oral cavity?
Localisation, surface area, depth and distribution pattern
of burns (congruity with clothes?); transition region
towards skin that is not thermally damaged.
Correlation of lacerations, bony fissures/fractures, joint
separation and intracranial haematoma with signs of local
heat or flame impact or adhesions of the scene of fire.
Findings of postmortem heat impact such as charring or a
pugilistic attitude of the extremities.
Injuries that are not caused by heat or flames.
In cases of doubtful identification, consider individual
characteristics like height and weight (estimated), hair
colour, colour of eyes, surgical scars, external sexual characteristics, amputations, piercings and tattoos.

Autopsy
1. Findings related to vitality during heat and flame impact
such as swallowed soot, inhalation of soot and thermal
damage of the epithelium of the respiratory tract due to an
inhalative trauma.
2. Postmortem findings of heat and flame impacts like burn
haematoma, joint separation caused by heat, fractures of
bones and calcination in the area of burning impacts.
3. Injuries that are not caused by burning.
4. Pre-existing diseases that might be a competing cause of
death or decrease sensitivity to burns.
5. In case of no or only doubtful identification, consider individual characteristics like surgical ablation of organs, internal sexual characteristics, findings related to osteology and
other findings (e.g. degenerative diseases) facilitating an
age estimation.

Additional examination
1. Histological examination especially of local heat damage
regarding vitality and depth of damage, and damage of the
respiratory tract and the lungs regarding an inhalative
trauma.
2. (Optional) examination of ‘fractures’ by stereomicroscopy
for differentiation between fractures caused mechanically
from those caused thermally.
3. Toxicological examination of inhalation gas constituents
(CO, hydrocyanic acid, hydrogen chloride, sulphur dioxide)

22.3.4 Criminological aspects
Regarding criminology, the following have to be distinguished:
• Accidents, for example falling asleep with a burning candle
or cigarette, or children playing with fire.
• Suicide, which is sometimes epidemic-like.
• Homicide either by burning (rare) or by burning after
another crime in order to conceal it.

Case example 1
The almost fully charred corpse of a man was found in a totally
burnt-out car that was detected in a forest. The man could be
identified as the owner of the car by characteristic osteosynthetic material. The autopsy revealed a blasted skull (induced
by heat) and loss of the soft tissues of the cervix, thorax
and extremities through shrinkage. The remaining parts of the
trachea and bronchi were filled with a brownish crumbly substance that was histologically defined as blood coagulated due
to heat impact. The blood alcohol concentration was 81 mg/
100 mL and the test for CO-Hb was negative. Police investigations were accordingly intensified and a fire accelerant was
detected in the car. Additionally, there were blood stains on the
forest soil close to the car as well as in the apartment of the
dead male. The blood stains that were found in the apartment
indicated that a fight had taken place.
The following circumstantial evidence lawsuit found the
deceased’s wife and her lover guilty of having killed him by force
against the neck and subsequently having simulated his suicide
in order to start life as a couple.

Case example 2
After a fire in the washhouse of a family home, the corpse of the
house owner was found in the adjacent stairways in the cellar.
At autopsy, second to third degree burns of approximately 90%
of the body surface were found. Additionally, the examiners
found gagging, captivation of the hands and lower legs, soot
inhalation and soot swallowing. The CO-Hb concentration was
6%. They also found an odour of petrol and wet textile remains.
Petrol was detecteded in blood, lung and brain samples.
Two days later the deceased’s wife was arrested when she
tried to leave Germany. She had second to third degree burns at
the extensor sides of both forearms, both front sides of the lower
legs and at the dorsum of the right foot. Further criminal investigations revealed that the woman was abnormally jealous and
had planned (after an argument with her husband) to burn him.
She used pepper spray to make him defenceless, then captivated
and gagged him. Subsequently she soused him with petrol and
burnt him.
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Table 22.9 Differential diagnosis of accidental and non-accidental
scaldings. After Madea and Schmidt (2007).

Figure 22.13 Typical immersion injury showing a sharp margin
between healthy and injured skin corresponding to the water
level.

22.4 Scalding
Cases of scalding are often caused by a breach of duty of supervision or custodial care (bathing children or persons in need of
care with water being too hot). Usually the accused try to exonerate themselves by admitting that the injured person was left
alone for a very short period of time only and that the water
had only a slightly raised temperature. Such defence pleadings
can be verified by using a temperature–time curve for the causation of scalding (see Fig. 22.2).
Scalding is of special importance in clinical forensic medicine since 5–14% of all children’s scalds are thought to be
caused by abuse (Fig. 22.13). For immersion scalds this rate is
even higher at 12–55%. Differential diagnoses between accidental and non-accidental scaldings are given in Table 22.9. Reasons
for clinical suspicion include:
• A discrepancy between anamnestic information and the
type of injury.
• An inadequate or inconsistent case history.
• A denial that the injury was caused by heat.
• The injured person or a sibling is accused of having caused
the injuries.
• The pain is trivialised or denied (by the parents or child).

22.5 Generalised heat damage and
hyperthermia
Human beings are homeothermic with a body core temperature of c. 37°C (±0.5°C). The body core temperature is regulated
and kept constant by autologous thermoregulation. Thus, heat
absorption and heat production on the one hand and heat
output on the other hand have to be well balanced. Heat pro-

Accidental scalds

Immersion

Unsteady pattern of injury (scalds
of different depths)

Steady depth of scald

Diffuse limitation between scalds
and healthy skin (at the borders
the scalds are rather less
pronounced due to cooling of the
water)

Sharp margin between
healthy and affected
skin (water level
might be reproduced
on skin like a map)

Extremities show scalds in the form
of splashes (e.g. on feet)

Extremities show scalds
in the form of gloves
or socks

In case of scald of the thorax the
scald usually is configured like an
arrow (water running down the
body)

In case of immersion of
the face there are no
signs of running water

duction depends on the energy exchange of the organism.
Without activity 50% of heat production originates from the
internal organs and 20% from muscles. With physical activity,
heat production might considerably increase these rates. There
are three main mechanisms causing heat loss:
• Radiation.
• Conduction and convection.
• Evaporation by the skin and lungs.
An imbalance of heat production and heat loss causes systematic dysfunctions of the temperature balance (e.g. loss of
salt, malfunction of circulation, pathological increase of body
core temperature, heat radiation affecting the skull with local
hyperthermia of the brain).
These systematic dysfunctions (Table 22.10) are:
• Heat cramps.
• Heat collapse (exhaustion).
• Heat stroke.
• Sunstroke.
Typical scenarios resulting in death from high ambient temperatures include physical illness in elderly people during heat
waves and children left in cars. Infants left unattended in motor
vehicles are at special risk of heat stroke because temperatures
can increase quickly to lethal values. Definitions of terms are
given in Table 22.11.

Heat cramps
Heat cramps mainly affect persons exposed to radiant heat who
have to labour at the same time. Substantial factors of this
mechanism are dehydration and loss of sodium chloride. Beside
tetanal cramps, vascular ectasia and an increased pulse rate can
be observed. There might be a life-threatening danger due to
disturbances in conduction.
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Table 22.10 Causes and symptoms of systemic heat injuries.
Heat cramps

Heat collapse

Heat stroke

Sunstroke

Cause

Heavy labour in
radiating heat
Dehydration
Loss of sodium
chloride

Malfunction of circulation
Vasodilatation
Dehydrogenation
Subsidence of blood into legs
(when upright)
Decrease/drop of heart time
volume and blood pressure

Abnormally high heat input and
restricted heat output
Pathological increase of body
temperature up to 43°C
High humidity intensifies the
processes

Direct impact of sun
radiation on the
bare head

Symptoms

Muscle cramps
Exhaustion
Nausea
Decrease of urine
production

Skin reddened, and sweaty, dry
mucosa, tantalising thirst
Headache, dizzy feeling,
scotoma, tinnitus,
paraesthesia
Circulatory shock

‘Red stage’ with red, dry skin as long
as circulatory regulation is intact,
then ‘grey stage’ with myogenic
heart insufficiency, cerebral
symptoms with delirium or coma,
unconsciousness, epileptic cramps
or meningitic symptoms

Meningeal irritations,
meningeal
haemorrhages,
cerebral purpura

Table 22.11 Glossary of terms in heat-related illness. From Bouchama and Knochel (2002).
Condition

Definition

Heat wave

Three or more consecutive days during which the air temperature is >32.2°C

Heat stress

Perceived discomfort and physiological strain associated with exposure to a hot environment, especially
during physical work

Heat stroke

Severe illness characterised by a core temperature >40°C and central nervous system abnormalities
such as delirium, convulsions or coma resulting from exposure to environmental heat (classic heat
stroke) or strenuous physical exercise (exertional heat stroke)

Heat exhaustion

Mild to moderate illness due to water or salt depletion that results from exposure to high
environmental heat or strenuous physical exercise; signs and symptoms include intense thirst,
weakness, discomfort, anxiety, dizziness, fainting and headache; core temperature may be normal,
below normal or slightly elevated (>37°C but <40°C)

Hyperthermia

A rise in body temperature above the hypothalamic set point when heat-dissipating mechanisms are
impaired (by drugs or disease) or overwhelmed by external (environmental or induced) or internal
(metabolic) heat

Multiorgan dysfunction
syndrome

Continuum of changes that occur in more than one organ system after an insult such as trauma, sepsis
or heat stroke

Heat collapse
Heat collapse is caused by a failure of circulation although
initially the body temperature is regulated. There is primary
and secondary heat collapse. Primary heat collapse is caused by
heat exhaustion, while secondary heat collapse is caused by a
decrease in the amount of circulating blood and dehydration
exhaustion. Predisposing factors include sticky weather, hard
labour and inappropriate clothing.

Heat stroke
Heat stroke is the most dangerous type of heat injury. It is
characterised by a collapse of the central thermic regulating

function due to an increase of body core temperature, especially
of the brain. The pathophysiology and sequence of events in
the progression of heat stress to heat stroke is summarised in
Fig. 22.14.
Heat stroke is caused by a combination of restricted heat
output and abnormally high heat input. The environmental
temperature is regularly higher than the body core temperature,
thus heat output is only possible by water evaporation on the
body surface. Predisposing factors are, for example, pre-existing
diseases, pharmaceuticals and constitutional factors (Table
22.12). The following professions are especially endangered:
firemen on ships, workers in mines, tunnels, heating facilities,
iron foundries and glassblowing factories and soldiers on
marches in tropical or hot climates (Table 22.13).
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Table 22.12 Predisposing factors in classic heat stroke.
Pre-existing diseases

Pharmaceutics

Constitutional
factors

Heart insufficiency

Diurectics

Infants

Thyroid disease

Beta-blocker

Overweight

Infectious diseases

Phenothiazine

Elderly people

Alcohol and drug abuse

Amphetamine

Parkinson’s disease

Antiparkinson
drugs

Persons that
are not yet
acclimatised

Skin disease:
congenital
ectodermal dysplasia
Cystic fibrosis

Tricyclic
antidepressants
Antihistamine
drugs

Diabetes mellitus

Table 22.13 Types of heat stroke.
Heat stroke caused by
exhaustion

Classic heat
stroke

People often
affected

Athletes
Soldiers
Miners
Iron workers

Elderly people with
chronic diseases
Alcoholics
Drug addicts
Infants

Frequency

Sporadic

Epidemic

Symptoms

Hyperpyrexia
Disorientation
No anhidrosis
Lactic acidosis

Coma
Hyperpyrexia
Anhidrosis
Respiratory
alkalosis

Complications

Hyperdynamic
circulation at
diagnosis
Rhabdomyolysis
Disseminated
intravascular
coagulation
Acute renal failure
Irreversible damage of
the central nervous
system
Hyper- or hypokalaemia

Hyperdynamic
circulation at
diagnosis
Damage of the
central nervous
system
Complications due
to pre-existing
diseases
Myocardial
infarction
Hypokalaemia

Feature

Figure 22.14 Sequence of events in the progression of heat
stress to heat stroke. Heat stress induces thermoregulatory,
acute phase and heat shock responses. Thermoregulatory
failure, exaggeration of the acute phase response and alteration
in the expression of heat shock proteins, individually or
collectively, may contribute to the development of heat stroke.
Active cutaneous vasodilatation and splanchnic vasoconstriction
permit the shift of heated blood from the central organs to the
periphery, from which heat is then dissipated to the
environment. This change may also lead to splanchnic
hypoperfusion and ischaemia, resulting in increased production
of reactive oxygen and nitrogen species, which may in turn
induce intestinal mucosal injury and hyperpermeability.
Endotoxins may then leak into the circulation and enhance the
acute phase response, leading to increased production of
pyrogenic cytokines and nitric oxide. Both cytokines and nitric
oxide can interfere with thermoregulation and precipitate
hyperthermia, hypotension and heat stroke. The solid arrows
indicate pathways for which there is clinical or experimental
evidence, and the broken arrows indicate putative pathways.
Reproduced with permission from Bouchama and Knochel
(2002).

Sunstroke
Sunstroke is a special form of exogenic hyperthermia and is
caused by the direct impact of sun radiation on a bare head.
Since the brain is especially sensitive to heat, dangerous cerebral
symptoms can occur prior to the overall body temperature
reaching a level found in cases of heat stroke.

22.6 Diagnosis
Heat-related fatalities are defined as deaths where exposure to
high ambient temperatures either caused or significantly contributed to the death. Morphological findings in cases of death
caused by general hyperthermia are normally non-specific.
Subpial blood loss may be found alongside subserous haemorrhages. Furthermore, brain and pulmonary oedema and disseminated intravascular coagulation may be found. Heat shock
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protein expression in different organs may become positive.
The diagnosis of hyperthermal death is usually based on an
exclusion of other causes of death and consideration of the
circumstances of death, as well as where the corpse was found.
Predisposing factors might be identified by additional morphological and toxicological examinations.
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Injuries due to Cold

Burkhard Madea

23.1 Introduction
Hypothermia is defined as a body core temperature of below
35°C. Cold is a common but underestimated danger to human
beings; hypothermia may develop not only at temperatures
around 0°C or below but also at temperatures above 10°C. In
forensic medicine general hypothermia is of greater importance
than changes due to local hypothermia, such as frostbite, which
are of greater clinical relevance.

23.2 Pathophysiology
23.2.1 Temperature regulation
In homeothermic organisms the normal body temperature is
maintained at a much greater range of ambient temperatures
than the so-called ‘indifferent temperature’ (Fig. 23.1). The
term indifferent temperature refers to ambient temperatures
at which the basic metabolic rate is sufficient to maintain
the normal body temperature. When the body temperature
decreases, heat transfer is lowered by vasoconstriction and piloerection as the first counter-regulation mechanisms. Simultaneously, heat production is increased by shivering and chemical
thermogenesis.
If these counter-regulation mechanisms become insufficient, the body temperature will decrease. How long the normal
body temperature can be maintained or when the counterregulations become insufficient mainly depends on the quo-
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tient between heat transfer and heat production. Heat transfer
to the surrounding media is directly proportional to the difference between body temperature and ambient temperature: the
higher the difference, the more rapid the decrease of body
temperature. However, the drop of body temperature slows
down once it approaches the ambient temperature.
The velocity of the drop of body temperature mostly depends
on the surface area size and the ‘stored heat’. The larger the
surface is, the more rapidly a body will cool. Since the surface
to volume ratio increases with increasing body height, small
children cool more rapidly than adults. Furthermore, the velocity of cooling depends upon whether there is convective or
conductive heat transport, for instance in water. In immersion
hypothermia, body heat loss is about three times faster than
during exposure to the same temperature in dry, cold air since
water conducts heat 20–25 times faster than air.

23.2.2 Duration of cold exposure
Understanding the pathophysiology of hypothermia is also
important in understanding the morphological findings seen
in hypothermia deaths. If the body cooling is very rapid and
the duration of the cooling process until death is short, autopsy
findings due to hypothermia may be scarce or even completely
missing, especially in case of immersion hypothermia. However,
data on the duration of exposure to cold before death, which
is, of course, positively correlated to the surrounding temperature, is only rarely be found in the literature. In immersion
hypothermia with a water temperature of about 5°C, death is
usually thought to occur after about 1 hour.
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The final cause of death is either ventricular fibrillation or
asystolia. Internal asphyxiation or hypoxia due to a left shifting
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speed of 1 km/h. If two layers of clothing are worn and the wind
speed is 5 km/h, survival times are calculated at 4 hours at
−50°C, 5.6 hours at −40°C, 8.6 hours at −30°C, 15.4 hours at
−20°C and >24 hours at −10°C (Türk 2010). However, the
survival time depends strongly on individual factors.

Thermic neutral zone

Body temperature Tb (°C)
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Figure 23.1 Relationship between body temperature, energy
exchange and ambient temperature in homeothermic organisms.
Normal body temperature may be maintained over a much wider
range than the ambient temperature due to counter-regulations
such as vasoconstriction, piloerection and chemical
thermogenesis. After Singer (1991).

For dry ambient temperatures Hirvonen (1976) published
his experiences regarding the duration of exposure. The estimated duration of exposure ranged from approximately 1.5
hours at −30°C to 12 hour at +5°C. In the majority of these
cases the estimated duration of exposure was between 3 and 6
hours at −10°C. Normally, death occurs at body core temperatures of about 25°C. However, lower temperatures may be survived, especially when body cooling happens rapidly.
Experiments carried out in Nazi concentration camps
revealed that at water temperatures of 4–9°C death occurs
within 50–100 minutes. However, survival times of 2 hours
have been described for shipwreck victims at similar temperatures. Survival in water temperatures of 16–17°C has been
observed to be about 5 hours, while in water temperatures of
7–8°C death will occur within 1 hour. In water temperatures of
0–4°C death will usually occur within 15–30 minutes. From
these observations mathematical models have been developed
to predict survival times at sea and in dry air (Türk 2010).
Extrapolated predictions of survival times of a naked, healthy
man in dry air are 1.8 hours at −30°C, 2.5 hours at −20°C, 4.1
hours at −10°C, 9 hours at 0°C and >24 hours at 10°C at a wind

For didactical purposes, several phases of hypothermia are differentiated – phase 1, the excitatory phase; phase 2, an adynamic phase (exhaustion); phase 3, a paralytic phase; and phase
4, the phase of apparent death (Table 23.1). Another classification of the signs and symptoms of hypothermia can be found
in Table 23.2. Although body core temperatures are given for
these different grades and phases, it has to be kept in mind that
the clinical picture at any given body temperature may vary
widely. The clinical phases are mainly characterised by functional alterations, for example within the muscular system from
shivering via a drop of the muscular tonus to a rise of muscular
rigidity, within the cardiovascular system from tachycardia to
sinus bradycardia to bradyarrhythmia, and within the pulmonary system from hyperventilation to depression of ventilation
to bradypnoea.
Haemodynamic and rheological alterations in hypothermia
are of importance for the development of morphological
changes, and are especially responsible for the rise of resistance
due to vasoconstriction and the increase of blood viscosity.
These functional changes are also of medicolegal importance as the muscular rigidity seen in hypothermia must not be
mistaken for rigor mortis (Fig. 23.2). After initial shivering
in body core temperatures of about 33–30°C, cold stiffening
occurs. The differential diagnosis should be easily made since
in muscular rigidity due to hypothermia, postmortem lividity
is missing, whereas in cases with rigor mortis, postmortem
lividity is present. There are several case reports in the literature
of living persons being pronounced dead due to great muscular
rigidity being mistaken for rigor mortis.

23.4 Epidemiology
As outlined above, deaths due to hypothermia are not restricted
to the winter season but can also be encountered in the spring
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Table 23.1 Clinical phases of hypothermia; in individual cases the progression of clinical symptoms may vary.

System

Phase 1
36–33°C

Phase 2
33–30°C

Phase 3
30–27°C

Phase 4
Below 27°C

Muscular system

Shivering

Drop of muscular tonus

Rise of muscular rigidity

Heart

Tachycardia

Sinus bradycardia

Bradyarrhythmia

Circulatory
system

Reduced perfusion of
body-surface

Rise of resistance due
to vasoconstriction

Rise of resistance due to
increased viscosity of
the blood

Ventilation

Stimulation of respiration,
hyperventilation

Central depression of
ventilation

Bradypnoea, apnoic pause
Decrease of compliance

Either
Further decrease of vital
functions
Or
Cardiocirculatory arrest
due to ventricular
fibrillation or asystolia,
cessation of breathing
and apnoea

Nervous system

Raised vigilance, confusion
Painful acra

Disorientation, apathy
Passing off pain

Unconsciousness, loss of
reflex

‘Excitation’

‘Exhaustion’

‘Paralysis’

‘Vita reducta’ – appearent
death

Table 23.2 Signs and symptoms with grades of hypothermia. Reproduced with permission from Nixdorf-Miller et al. (2006), © College of
American Pathologists.
Hypothermia grade

Core temperature

Signs and symptoms

Mild

32.2–35°C
(90–95°F)

Confusion progressing to impaired judgment and apathy
Unable to perform complex motor functions and ataxia
‘Umbles’ – stumbles, mumbles, fumbles and grumbles
Vigorous shivering, tachycardia, tachypnoea, bronchospasm, peripheral
vasoconstriction, increased cardiac output, hypertension, cold diuresis

Moderate

28–32.2°C
(82.4–90°F)

Dazed consciousness, irrational behaviour, slurred speech, delirium, hallucinations
Paradoxical undressing; hide and die
Hyporeflexia, rigidity, shivering reduced
Hypoventilation
Progressive decrease in cardiac output and pulse; atrial and ventricular cardiac
dysrhythmias; J-wave ECG changes

Severe

<28°C (72–82°F)

Waves of shivering interspersed with lengthening dyspnoea followed by apnoea
Decreased blood pressure, pulse, and cardiac output; ventricular dysrhythmias
Coma

Profound

<20°C (<68°F)

Flat EEG
Bradycardia progressing to asystole

ECG, electrocardiogram; EEG, encephalogram.

Body core temperaute (°C)
37 36 35 34 33 32 31 30 29 28 27 26 25
Muscle

Consciousness

Reflex

Respiratory
function

Shivering
Rigor
Relaxation
Clear
Apathetic, desorientated
Comatose
Normal
Negative tendon and pain reflex
Negative pupillary reflex
Tachycardia, tachypnoea
Bradycardia, bradypnoea
Possibly arrhythmia
Possibly ventricular fibrillation
Apnoea

Figure 23.2 Muscle tone, consciousness, reflexes and respiratory function in hypothermia. After Ellinger et al. (1998), © Springer.

CHAPTER 23   INJURIES DUE TO COLD

or autumn during colder periods. Furthermore, hypothermia
deaths do not only occur outside buildings but also indoors,
especially amongst the elderly. In various earlier autopsy series,
death due to hypothermia was mainly seen in people over 60
years of age; apart from senile mental deterioration and immobility, a lack of fuel for heating and open windows for fresh air
were identified as special risk factors. Other groups of persons
being most liable to suffer from accidental hypothermia are:
• Intoxicated persons (mainly by alcohol but also by other
drugs as well as tranquilisers or opiates).
• Newborns.
• Persons engaged in hazardous outdoor activities such as
climbing, mountaineering, sailing or fishing.

23.4.1 Paradoxical undressing and hide
and die phenomena
In outdoor and indoor deaths due to hypothermia, people may
be found partly or completely unclothed with scratches and
haematomas on the knees, elbows and feet or situated in a
hidden position under a bed or behind a wardrobe. A body may
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even be found underneath bushes or a piece of furniture or a
bicycle. This paradoxical undressing and hide and die syndrome may be observed in up to 20% of cases, most frequently
in moderate temperatures between −5°C and +5°C. The hide
and die syndrome seems to be a terminal primitive reaction
pattern which may be either a result of confusion and/or of
ancient reflexes similar to those of hibernating animals that
make the victim ‘seek shelter’. The paradoxical undressing may
be caused by an apparent sensation of warmth of the affected
individual. However, up to now the pathophysiology of both
phenomena is not clearly understood.

23.4.2 Localised hypothermia
Localised hypothermia of the skin and whole extremities may
cause more or less severe tissue injury but is usually not lethal.
In peripheral cold injuries, freezing and non-freezing injuries
can be distinguished (Table 23.3).
Three grades of frostbite can be seen in localised
hypothermia:
1. Violaecous discoloration, mainly on the tips of fingers, toes
or nose (dermatitis congelationis erythematosa).

Table 23.3 Peripheral cold injuries: freezing and non-freezing injuries. Reproduced with permission from Nixdorf-Miller et al. (2006),
© College of American Pathologists.
Non-freezing injury

Freezing injury

Temperature above freezing

Tissue temperature <0°C causing ice crystals/cellular architectural disruption

Repeat exposures

Microvascular blood stasis and thrombosis

Chilblain (pernio)

Superficial frostbite

Mild neuronal/endothelial injury

Injury of superficial epidermis/dermis

Dry conditions

No tissue loss

Hands/feet in patients of Raynaud’s
phenomenon
Repeat vascular spasticity/inflammation leads
to nodules, ulcers or plaques
Trench foot

Deep frostbite

Immersion foot injury

Injury involves deeper subcutaneous and musculoskeletal elements

Wet environments

Deep frostbite graded like burns:
First degree (grade I)
• most commonly involves exposed areas of the face, fingers and toes
• erythema and anaesthesia
• rewarming generally reverses process
Second degree (grade II)
• cutaneous vesiculation, oedema and erythema
• frozen epidermis is white and waxy
Third degree (grade III)
• haemorrhagic vesiculation secondary to microvascular injury and thrombosis
Fourth degree (grade IV)
• subjacent musculature, connective tissue and bone injury

Constant vasoconstriction leads to ischaemia,
bullae, ulcers, pain, loss of function or
gangrene
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2. Blisters filled with clear or haemorrhagic fluid (dermatitis
congelationis bullosa).
3. Bluish discoloration with blister formation and tissue
necrosis (dermatitis congelationis gangraenosa).
The main mechanisms in frostbites are thought to be freezing of
the tissues and obstruction of the blood supply to the tissues
(damage of endothelial cells, leakage of serum into tissues, sludging of blood cells). Frostbite occurs in dry, cold air. Less damage
may occur at temperatures above 0°C, with deeper tissues
changes and necroses occurring at temperatures below 0°C.

Table 23.4 Morphological changes in hypothermia, underlying
pathophysiology and diagnostic significance.
Morphological changes
Left shifting of oxygen–haemoglobin
dissociation curve:
• bright red colour of blood and lividity
• blood of the left ventricle bright red
compared to that of the right ventricle
Postmortem artefacts:
• cutis anserine (gooseflesh)
• scull fractures due to freezing of the brain

23.5 Morphological and biochemical
changes
The diagnosis of hypothermia is based on circumstantial evidence, the conclusion of cause of death and temperature measurements (e.g. if the body temperature is much lower than
expected for the given postmortem interval). By the end of the
19th century the morphological changes with the highest diagnostic validity for death due to hypothermia had been described:
frost erythema was reported by Keferstein in 1893 and in 1895
haemorrhagic spots of the gastric mucosa were named after
Wischnewsky. In Table 23.4 all the morphological changes due
to hypothermia as reported in the literature are arranged
according to the main pathogenetic pathways and their diagnostic significance.
Skin changes in general hypothermia are different from
those seen in local hypothermia. In general hypothermia,
frostbite-like injuries may be seen as swelling of the ears, nose
and hands but more striking findings are red or purple skin and
violet patches on the knees or elbows or over the outer aspect
of the hip joint (Fig. 23.3).
Frost erythemas should not be mistaken for haematomas
since they are macroscopically and histologically free of extravasation of erythrocytes. The pathogenesis of them is still unclear,
although plasma haemoglobin leaks into the tissue due to frost
damage of the erythrocytes. Histologically, frost erythema
appears as hyperaemia and mild dermal oedema and is positive
for haemoglobin within the epidermal and subepidermal skin
layers on immunohistochemical staining. According to different studies skin changes can be found in about 50% of cases in
hypothermia. They do not occur in immersion hypothermia.

23.5.1 Blood colour and lividity
Victims with hypothermia show a bright red blood colour and
postmortem lividity may be found. However, it had already
been shown in the 19th century that this is not a specific finding
of death due to hypothermia since it can also be seen in other
causes of death taking place at low ambient temperatures or as
a postmortem artefact if a body is exposed to cold ambient
temperatures during storage.

Haemorrhages and erythema
• frost erythema
• haemorrhagic gastric erosions
(Wischnewsky’s spots)
• haemorrhagic pancreatitis
• haemorrhages into muscles of the body core
• haemorrhages of the synovia, bleeding into
synovial fluid

Diagnostic
significance

−
−

−
−

+
+
−
(+)
?

Fatty changes
• liver
• kidneys
• heart

−
+
(+)

Non-specific changes
• brain oedema
• subendocardial haemorrhages
• pneumonia
• contraction of the spleen

−
−
−
(?)

Counter-regulations
• vacuolisation of liver, pancreas, renal
(proximal tubules) and adrenal cells, loss of
glycogen
• colloid depletion and activation of the
thyroid gland

(+)

(+)

23.5.2 Haemorrhagic spots of the
gastric mucosa
Wischnewsky (1895) was the first to describe multiple haemorrhagic gastric erosions as a sign indicative of hypothermia (Fig.
23.4). The lesions vary in diameter from 1 mm up to about 2 cm
and in quantity from only a few to more than 100 scattered
throughout the mucosa of the stomach. Histologically,
Wischnewsky’s spots are characterised by a necrosis of the
mucosa with haematin formation. Immunohistochemistry
revealed that the lesions react positively for haemoglobin.
Wischnewsky’s spots are a non-specific finding concerning the
underlying aetiology: similar changes of the gastric mucosa are
also found as a consequence of drug or alcohol abuse or in
stress or shock. Disturbances of microcirculation (haemoconcentration) and tissue amines, histamine and serotonine levels
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(a)

(b)

(c)
Figure 23.3 Frost erythema: (a) over the hip joint, (b) over the knee and (c) haemolytic reddish appearance of the subcutaneous tissue
but with no subcutaneous bleeding.

(a)

(b)

Figure 23.4 Haemorrhagic erosions of the stomach: (a) macroscopical appearance and (b) histology of haemorrhagic erosions with
necrosis of the mucosa, stained brownish due to haematin formation.
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seem to be involved in the pathogenesis. The incidence of
gastric erosions is variable, as they are found in 40–90% of
cases. They appear to be more frequent in elderly people
exposed to cold stress for a longer period but they can also be
found in newborns.

23.5.3 Pancreas changes
A variety of pancreatic changes has been described in hypothermia: focal or diffuse pancreatitis, haemorrhagic pancreatitis,
patches of fat necroses over the organ’s surface, increased levels
of serum amylase, haemorrhages and focal or diffuse interstitial
infiltration with leucocytes (Table 23.5). A retrospective analysis of more than 143 cases of death due to hypothermia revealed
that pancreatic bleedings are of no diagnostic significance in
these cases (Preuß et al. 2007). A further diagnostic finding of
unknown pathogenesis is the finding of empty vacuoles in the
adenoid cells of the pancreas.

23.5.4 Haemorrhages into the
core muscles
Haemorrhages into the core muscles, especially the iliopsoas
muscles, have been found in hypothermia-related deaths. They

Table 23.5 Pancreatic changes in hypothermia according to
different authors. Reproduced with permission from
Madea et al. (2008), © Springer.
Pancreatic changes

Reference

Focal or diffuse pancreatitis in 10% of
the patients (n = 50) who were treated
with hypothermia

Sano & Smith 1940

Among 13 cases of hypothermia, two
cases of haemorrhagic pancreatitis
and three cases of pancreatitis with
fat necrosis over its surface (38%)
occurred

Duguid et al. 1961

Focal pancreatitis or haemorrhagic
pancreatitis found in 29 of 43 cases
(67%)

Mant 1969

Haemorrhages into the gland in four of
22 cases (18%)

Hirvonen 1976

Raised serum amylase in 11 of 15 cases
(73%)

Duguid et al. 1961

Focal, non-haemorrhagic pancreatitis
with patches of fatty necrosis in 10%
of the animals in experimental
hypothermia

Fisher et al. 1957

Empty vacuoles in the adenoid cells of
the pancreas

Preuß et al. 2007

are believed to be due to hypoxic damage and are a rare finding.
They can be visualised by magnetic resonance imaging.

23.5.5 Other gastrointestinal lesions
Haemorrhagic erosions can also be found in the duodenum
and jejunum but much less frequently than in the gastric
musosa. If they are present, then they will also be found in the
stomach. Furthermore, haemorrhagic infarction of the colon
has been described.

23.5.6 Lipid accumulation
Fatty changes in the heart, liver and kidneys have been described
repeatedly in fatalities due to hypothermia. Of high diagnostic
significance are lipid accumulations in epithelial cells of the
proximal renal tubules (Fig. 23.5). This lipid accumulation is
always seen at the bases of the epithelial cells; there are no
concomitant changes of cell nucleus or plasma. There is a
strong positive correlation between the grade of fatty change
with the occurrence of macroscopic signs of hypothermia (frost
erythema and Wischnewsky’s ulcers). Since hypothermia represents a stress factor, an increased heat shock protein 70 (HSP70) expression may be demonstrated in renal tubular epithelial
cells and glomerular podocytes.

23.5.7 Postmortem biochemical
investigations
Blood, urine and vitreous humor should be retained for postmortem biochemical investigations. Catecholamine levels
(noradrenaline) in the blood and urine may be elevated and a
high noradrenaline/adrenaline quotient may be found in particular. Ketone levels are also frequently higher than normal and
an elevation of vitreous glucose may be observed. Together with
typical morphological findings and circumstantial evidence the
results of a biochemical investigation may be of supportive
diagnostic significance.
Morphological alterations due to exposure to cold may be
scarce in hypothermia fatalities and most of the findings are
non-specific. However, external and internal findings, and a
combination of frost erythema and Wischnewsky’s spots in
particular, are of high diagnostic significance since this combination cannot be found in connection with other causes of
death.

23.6 Criminal aspects
Most death cases due to hypothermia are accidental ones (e.g.
drug- or alcohol-related fatalities, sudden changes of temperature with homeless people, accidental immersion). If the cause
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(a)

1

2

3

4
(b)

Figure 23.5 Lipid accumulation in renal proximal tubules. (a) The lipid stains are always at the base of the cells. (b) Grading of fatty
changes (1 to 4).

of death is established as hypothermia, the underlying reason
should be searched for (e.g. alcohol or drug toxicity). Suicides
by hypothermia are comparatively rare although such cases
have been reported. Homicides by hypothermia are also rather
rare events.
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Electrocution
and Lightning

Ryan Blumenthal

24.1 Electrocution
No area of technical advance has had a greater impact on
human culture than electrical power. Tools of modern society
are increasingly electrical power driven owing to the ease of
transmission and efficiency of electromechanical and electrochemical energy conversion. However, as convenient as it is,
high power electrical circuits also present a constant threat to
society, especially to young children, electricians, construction
workers and home improvement fanatics (Lee 2000).
Electrocution fatality cases can be extremely difficult to
investigate. This field represents a super-speciality of forensic
medicine and as such, it is advised that only experienced forensic pathologists deal with these cases.
The majority of electrothermal injury cases are accidental in
nature, the rest are suicidal and the minority are homicidal in
nature. Electrothermal injury cases probably represent the field
of forensic medicine with the highest litigation rate. The quanta
of claims submitted for electrothermal injury cases may be
quite substantial. Where there is a claim, there is blame and it
is for the forensic expert to determine whether or not death was
due to electrothermal injury or not. Due to the highly specialised nature of electrothermal injury investigation, the forensic
pathologist may even sometimes find themselves consulting on
non-human (veterinary) electrocution cases as these are typically insured for substantial amounts of money. Electricity may
also be involved in human rights cases and the pathologist may
be called upon to consult on electrical torture cases. A thorough
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working knowledge of the pathology of trauma of electrocution
is therefore the desired outcome of this chapter.
This section will be divided into the typical electrocution
event and the atypical electrocution event.

24.1.1 Typical electrocution events
These are divided up as follows:
• Low voltage electrocution (120 or 220 V): a low voltage electrocution related death is typically defined as the passage of
a substantial electrical current at a voltage of less than 1000 V
through the body, which directly or indirectly results in the
death of the individual.
• High voltage electrocution: a high voltage electrocution
death is typically defined as the passage of a substantial
electrical current through the human body at a voltage
greater than 1000 V from a manmade device, which results
in the direct or indirect death of the individual.
Electrical injuries may be categorised as follows (Van Den
Burg 1996):
• True electrical injuries in which the person becomes part of
the circuit.
• Flash burns from current arcs across the body, causing
thermal injury.
• Flame or burn injuries associated with burning clothing.
Thermal burn injury is defined as the passage of electrical
current through ohmic conduction leads to Joule heating
that can cause severe burn injury in electrical-shock victims.
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Basic concepts in electrical injury
Basic electrical terminology
These are outlined in Fig. 24.1.
• Voltage (V). A volt is the unit of voltage (that can be thought
of as a pressure) that forces current to flow. Other things
being equal, the amount of current that flows is directly
proportional to the applied voltage.
• Resistance (R). As the name implies, this is the opposition
to current flow that an object (or person) provides. Other
things being equal, the greater the resistance, the less current
will flow. Therefore twice as much resistance gives half as
much current flow.
• Impedance. Impedance may be thought of as a more inclusive term than resistance. Impedance is the opposition to AC
and includes resistance, but also takes into account the
effects on current flow of capacitance and inductance. In
electrical injury, capacitance does allow more current flow
under some circumstances and must sometimes be considered along with resistance, though it is usually not a significant factor. Body tissues have little or no inductive effect at
power line frequencies.
• Ampere (A). An ampere is the unit of electrical current,
actually a flow of a certain number of electrons per second.
• Ohm (Ώ). An ohm is the unit of resistance that a material
has to the flow of electrical current. An ohm is the resistance
of a conductor such that a current of 1 A through the conductor produces a voltage of 1 V across the ends of the
conductor.
• Conductance. Conductance is mathematically equal to 1/
resistance.
• Direct current. Direct current is an unchanging direction of
current flow. A battery will deliver a direct current.
• Alternating current. Alternating current refers to an electrical source with changing direction of current flow. The
current will flow forward (positive) for a time and then
backward (negative). The transition from positive to negative again is a cycle. The number of transitions from positive
to negative and back again in 1 second is the frequency of

ring

Carbonisation

n
ow
kd

‘Burn-injury’ as used here specifically refers to tissue injury by
damaging supraphysiological temperatures. Burn effects are
related to protein alteration or denaturation, often followed by
recognisable changes in the optical properties of tissue (Lee
2000).
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Figure 24.1 A simplified diagram explaining the concepts of
volts, amperes and ohms in electrical injuries. Courtesy of
Professor Mary Ann Cooper, Department of Emergency Medicine,
Chicago.
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Time
Figure 24.2 A simplified diagram explaining the concept of
electrothermal injury. Courtesy of Professor Mary Ann Cooper,
Department of Emergency Medicine, Chicago.

the power source. A 60 Hz source will have 60 positive half
cycles which alternate with 60 negative half cycles each
second.
• Non-constant voltage source. A non-constant voltage source
would include a discharging cardiac defibrillator and a
capacitor.
• Ohm’s law. Ohm’s law is expressed as follows:
V = I ×R
where V = voltage across the resistor (in volts); I = current
through the resistor (in amperes); and R = resistance (in ohms).

Basic concepts regarding the flow of
electric current
Most of the effects of electric shock are related to the amount
of alternating current (AC) that flows. A certain number of AC
milliamperes may cause a startle reaction, a certain amount of
current may lead to pain, a greater amount leads to muscle
contractions and even more may stop the heart pumping. This
discussion is a simplification, as is true of most scientific
descriptions of real-life situations.
Electrocution events This is outlined in Fig. 24.2. This graphic
representation describes the interplay of what happens to the
skin with increased time and increased amperes. As can be seen,
there is an initial skin blistering which progresses to tissue
breakdown which progresses to carbonisation. The longer the
contact time – and the higher the amperes – the greater the
chance for tissue destruction.
‘Let-go’ phenomenon ‘Let-go’ is the amount of current in the
arm that will cause the hand to clench involuntarily, making it
impossible to let go of an energised object, with the individual
being frozen in the circuit. Most adults can let go at 6 mA AC
in the arm.
A current of 9 mA for men and 6 mA for women was the
level above which a person would be unable to let go and hence
would become frozen in an electrical circuit (Dalziel and Lee
1969).
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Startle reactions and reflex movements Startle, neural and
muscular reactions often result in serious injuries in people
who have received a small electric shock. Electric currents may
surprise a person, produce pain and lead to a variety of events,
including involuntary muscular contractions and resultant
movements. Serious and even fatal results may occur if the
person is working at height, located near traffic, operating
machinery or tools, or otherwise in a situation where uncontrolled movements could be dangerous. Typically, there may be
a scream or a shout when an individual is electrocuted which
may be interpreted as a startle reaction; although this is a nonspecific finding and may not be interpreted as being ipso facto
part of the electrocution event. A victim may scream or shout
simply from being surprised when losing balance and/or falling
from height.
Characteristics of skin burns
1. Electrothermal injuries: Electric currents have the ability to
result in injury without burns or current marks appearing
on the skin. Moisture, for example, will lower skin resistance, and if there is a significant amount of fluid, will
conduct heat from the area of contact. Increasing the area
of contact will under some circumstances spread the
current over a larger area and thereby reduce the current
per unit area of skin.
2. General appearance of burns: A classification of the severity
of burns is important in the medicolegal investigation of
such cases:
a. First degree burns: erythema and blistering without
loss of dermis. There is capillary dilatation and transudation of fluid into tissues, causing swelling. A split
may occur in the dermis to form a blister with an
upper cap of pale skin enclosing fluid. If small (<1 cm)
this blister may be resorbed, leaving a reddened base.
A first degree burn will heal without scarring.
b. Second degree burns: destruction of the full thickness
of the skin. The epidermis is coagulated or charred,
and a central zone of necrotic tissue is surrounded by
first degree burns or a zone of hyperaemia, or both.
The central necrosis sloughs in due course and the
epidermis grows in from the margins. This injury
cannot heal without scarring, which usually contracts
during the healing process, causing puckering and distortion of the surface.
c. Third degree burns: destruction of the deeper tissues
below the skin. This may be of any severity, from
damage to subcutaneous fat to loss of muscle, bone –
even a whole limb.
d. Fourth degree burns: this term is somewhat controversial and may or may not be recognised by trauma
specialists. Some experts consider fourth degree burns
to represent advanced charring with carbonisation of
skin tissue.
e. Degrees of burns: the size of the burn wound must be
estimated. The burn area is traditionally estimated by
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using the so-called surgical ‘rule of nines’, which is
sufficient for prognostic purposes, although for the
pathologist a more precise anatomical description of
the areas burned is essential for the autopsy report. If
the burns are widespread, then large areas of skin may
be damaged and functionless. A large area involved
may be more dangerous to life than a deeper, more
localised burn. It is generally considered that 30–50%
involvement of the total body surface area is incompatible with survival, especially in old people, children
and frail immunocompromised patients.
f. Pattern of burns: the morphology of cutaneous burn
injuries may sometimes give the pathologist an idea of
the type of heat applied as follows:
• Jet of flame pattern from methylated spirits and
gasoline detonations.
• Explosion pattern from explosions and electrothermal injuries.
• Flame pattern from direct flame effects due to open
fires or ignited clothing.
• Immersion pattern.
• Spilling pattern.
Consideration of these patterns may assist in the reconstruction
of the electrothermal event (Fracasso et al. 2009).
At times the pattern of injury may assist with the reconstruction of the electrocution event, for example in the case of toddlers biting through electrical wires or placing their mouths
onto live electrical sockets (Figs 24.3 and 24.4).
Macroscopic and microscopic examination of skin burns
1. Current marks (Joule burns): the ‘Joule burn’ (cutaneous
electrical mark) is classically described as a collapsed
blister with raised (firm) edges from melting keratin. There
is a surrounding pale areola which is surrounded by a

Figure 24.3 Children often electrocute themselves by biting live
electrical wires. Courtesy of Professor Mary Ann Cooper,
Department of Emergency Medicine, Chicago.
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Figure 24.4 Childhood electrocution showing the entrance
wound oral cavity. Courtesy of Professor Mary Ann Cooper,
Department of Emergency Medicine, Chicago.

hyperaemic areola. Often there may be ‘puckering’ of the
surrounding normal skin as would be expected in electrothermal injuries (Fig. 24.5). Microscopic examination is
not 100% pathognomonic of electrocution, although one
should specifically look out for the following features:
a. The skin mark consists of vacuolation in the epidermis
and sometimes dermis, caused by the gas spaces from
the heated tissue fluids splitting the cells apart. The
affected tissues become more eosinophillic.
b. The cap of epidermis may be detached and raised into
a blister, with a large space beneath.
c. Look for the ‘demarcation zone’ where the epidermis
has separated from the dermis. The keratin layer
usually shows signs of heat coagulation injury.
d. The cells of the epidermis are often elongated with a
‘streaming’ and/or ‘combed’ appearance (Fig. 24.6).
2. Easily overlooked lesions/electrothermal burns: Skin lesions
may also be mistaken for electric marks or burns. Even a
simple collapsed blister on the finger may be mistaken for
an electrothermal injury. Therefore it would be prudent to
keep in mind the many scald wound mimics. Retroviral
positive patients may have skin lesions which may mimic
scald lesions, such as any of the infectious bullous lesions
caused by Staphylococcus or Streptococcus infections, or
pressure bullae which may occur from being bed-ridden.
3. Electric channels and electric pathways: Regarding the
current pathway, in the typical electrocution event, the
current enters at one point and then leaves the body at an
exit point, usually to the earth or the neutral conductor of
the electricity supply. The pathway of the current will

Figure 24.5 A patterned electric mark showing an electric burn
going down two fingers and into the web of the right hand. It is
probable that there was quite a long period of exposure. It may
be that the victim was paying out a line which was in contact
between the third and fourth fingers at the time of electrocution.

depend mainly on the relative resistance of various exit
points. It tends to take the shortest route between entry and
best exit, irrespective of the varying conductivity of different internal tissues. As a forensic pathologist, one is usually
concerned with fatal electrocution and three major events
may occur, which are a threat to life (Knight 2004):
a. The most common is the passage of a current across
the heart, usually when a hand is brought into contact
with a live conductor, and the body is earthed, either
through the feet or the opposite hand. It has been
claimed that the most dangerous is contact with the
right hand and exit through the feet – as this causes
the current to pass obliquely along the axis of the
heart.
b. Less often, the passage of a current across the chest and
abdomen may lead to respiratory paralysis from spasm
of the intercostal muscles and diaphragm.
c. Rarely, the current passes through the head and neck,
usually in circumstances when the head of a worker on
overhead power lines comes into contact with the conductor. In such instances, there may be a direct effect
on the brainstem so that cardiac or respiratory centres
are paralysed.
Always ascertain whether or not the victim was wet –
wetness most likely will save a life. If the majority of the
current flows over the body, this could have a protecting
effect on the heart and respiratory muscles. As far as defibrillation goes, it is safe to do it in a rainstorm or even a
puddle because the machine is designed to deliver the
energy between the paddles. However, emergency medicine
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Figure 24.6 Diagram of a typical Joule burn. Courtesy of Dr R. Blumenthal, Department of Forensic Medicine, University of Pretoria,
South Africa.

physicians have seen it short out across a chest that was too
sweaty or too covered with defibrillation gel more than
once in the field. Automated external defibrillators have
been anecdotally reported to be effective in a number of
these ‘wet’-type cases. An automated external defibrillator
is a portable electronic device that automatically diagnoses
potentially life threatening cardiac arrhythmias of ventricular fibrillation and ventricular tachycardia in a patient
and is able to treat them through defibrillation, namely the
application of electrical therapy which stops the arrhythmia, allowing the heart to re-establish an effective rhythm.
4. High voltage injuries: With high voltage injuries (>1000 V)
severe deep cooking of tissue may occur at the contact sites
(in contrast with high voltage lightning injury – milliseconds) – this is due to the increased/prolonged time of
contact with the high voltage electrical source – hence,
probably seconds of contact. Bear in mind that high voltage
electrocution fatality victims will probably present some of
the most severe pathology of trauma you will see in your
career. These victims are often grotesquely mutilated by the
high levels of current and voltages. According to Fish and
Geddes (2003b) high voltage burns often involve burns due
to the following:
a. Arcing or flash burns. Where the contact is less firm,
an air gap (albeit narrow) exists between the skin and
conductor, and the current jumps the gap as a spark.
In dry air 1000 V will jump several millimetres and
100 kV about 35 cm. This is at extremely high temperatures – about 4000°C (Knight 2004).

b. Passage of current through the body with heating.
c. Ignition of clothing.
Mixed burns are said to occur when two or more types
of burn occur together.
High voltage burns may have multiple spark lesions,
producing a crocodile-skin effect. Lower voltage burns may
resemble high voltage burns, with charring and extensive
blistering and deep muscle damage if contact is prolonged
(Knight 2004).
The skin lesions represent a thermal burn wound from
heating of the epidermis and dermis as the current passes.
(Theoretically, the heat generated may be determined from
the formula GC = C2R/4.187, where GC is the heat in gram
calories per second, C is the current in amperes and R the
resistance in ohms; Knight 2004.)
Where the time has been prolonged, the voltage is high,
or the conductor is large, the burn wound may be correspondingly severe with large areas of peeled blistered skin,
and a mixture of hyperaemia, deep scorching and shed
epidermis.
5. Earthing and grounding injuries: These should always be
considered in electrothermal injury cases. These lesions
may be similar to the original injuries, although they
may be less severe in nature. Reconstruction of electrocution events are often made possible due to the presence
and/or absence of earthing and/or grounding injuries.
One may determine, with some accuracy, the precise position of the body at the time of electrocution (Figs 24.7
and 24.8).
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Figure 24.7 Grounding injury. Always look for grounding injuries
on the feet or anywhere else where the body could have earthed
itself. Courtesy of Professor Mary Ann Cooper, Department of
Emergency Medicine, Chicago.

Figure 24.8 Grounding injuries may be mistaken for normal
‘blisters’ on the feet. In this particular case, features were in
keeping with that of grounding injuries. Always maintain a high
threshold of suspicion.

Case example of a high voltage electrocution event
Figures 24.9–24.11 were taken at a substation just outside Witbank, South Africa. The incident occurred whilst the deceased was allegedly trying to cut high tension electrical wire. A 50 Hz fault current flowed through the deceased (lots of energy, and clearly sustained).
The power lines had an 11 kV supply. This would cause the muscles to ′hold′ and the victim would be hooked up to the supply. The only
scenario is that the fault current went directly through the midsection of the body – literally burning it away. It could well be that the
victim got himself entangled between a phase conductor and another loop feeding to one of the surge arresters – so the victim had
current from either a hand or his head, to the loop encircling him. It would seem that this current was sustained for far longer than
would have been anticipated.

Figure 24.9 The scene of a high voltage death at a substation outside Witbank, South Africa. Courtesy of Mr Corrie Pieters and
Dr Ferdi Block, Mpumalanga Forensic Pathology Services, South Africa.
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Figure 24.10 Closer inspection of the area shown in Fig. 24.9
showing the limbs of the deceased suspended from the support
bar. Courtesy of Mr Corrie Pieters and Dr Ferdi Block,
Mpumalanga Forensic Pathology Services, South Africa.

24.1.2 Atypical electrocution event
These include microwave oven injuries, electroconvulsive
therapy injuries, diathermy injuries, fetal electrical injuries,
overhead power line contact, Taser contact (and other electronic control devices including electro-shock stun belts) and
defibrillation injuries, and contact with stun guns, cattle prods,
electric fences and other devices.

Microwave burn injuries
At microwave frequencies (100–100 GHz), dielectric heating is
more significant than Joule heating because both bound and
free water are excited by microwaves. A water molecule has a
small size but a large dipole moment; hence, water has a strong
perceptivity to microwaves, which induces water molecules into
rapid oscillative rotation and in turn heats up the whole tissue.
Exposure to ambient microwave fields is known to cause burn
trauma. Microwave cooking typically has a frequency of
2450 mHz (million cycles a second). Microwaves penetrate food
by about 3 cm, unlike infrared radiation in conventional
cooking with a wavelength only one-quarter as long, which is
mostly absorbed at the surface, where it causes the browning
reaction seen in food, which microwaves do not do. In both
cases, the absorbed energy agitates the food molecules, which
we call heat, and the heat is then transferred to the rest of the
food by conduction. The magnetron (the vacuum tube that
produces microwaves) sends a fixed amount of energy into the
oven’s cavity, where it bounces off the metal walls until they are
absorbed by the food. Microwave cooking can therefore be seen
as the equivalent of boiling, steaming, poaching, braising and
stewing. Microwave burns have different clinical manifestations
than low frequency electrical shocks. The epidermis may not be
burned unless it is very moist. The microwave field penetration
into tissue has a characteristic depth of approximately 1 cm,
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Figure 24.11 The charred remnants of the torso of the
deceased shown in Fig. 24.10 found on the ground below the
cables. Courtesy of Mr Corrie Pieters and Dr Ferdi Block,
Mpumalanga Forensic Pathology Services, South Africa.

resulting in direct heating of subepidermal tissue water. Microwave heating is much slower in fatty tissues. There were two
case reports of children being put in a microwave oven. The
first child needed skin grafts and had no long-term adverse
effects. The other child required amputations of parts of one
leg and one hand (Alexander et al. 1987). Morbidity was due to
thermal effects.

Stun guns, Tasers and electro-shock stun
belt injuries
Stun guns, Tasers, electro-shock stun belts, cattle prods, most
electric fences and some other devices deliver short (generally
<0.1 s) pulses of current. To get continuous (tetanic) muscle
contractions, pulses need to occur with a frequency of 30/s.
This may result in loss of muscle control and the inability to
breathe and speak. Electric fences that put out continuous AC
current may be fatal. The devices that put out unpleasant pulses
at a rate of 30/s should not result in death unless there are
secondary events such as a fall, fire or explosion.

Electric fence injuries
To prevent directly lethal shocks to adults from electric fences,
any failure of the fence controller (power supply) must not
cause a continuous output greater than 5 mA in a 500 ohm load.
This will ensure that an adult will not be frozen to the fence.
This is because some adults will not be able to ‘let go’ when the
current is 6 mA AC.

Taser injuries
Taser is a homage to Thomas A. Swift’s Electric Rifle. The Taser
was invented by Jack Cover in 1974, and marketed by Taser
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International 60 years after being written about in the young
adult novel written by Victor Appleton and published by
Grosset and Dunlap: Tom Swift and His Electric Rifle; or Daring
Adventures in Elephant Land.
The Taser is a handheld conducted electrical weapon (CEW),
powered by two 3 V batteries, that induces neuromuscular incapacitation and pain by the application of a small electrical
current. The Taser fires two small dart-like electrodes, which
stay connected to the main unit by conductive wire as they are
propelled by small compressed nitrogen charges.
Tasers primarily function by creating neuromuscular incapacitation, which means that it interrupts the ability of the
brain to control the muscles in the body. The electrical current
stimulates both afferent sensory neurons causing pain, and
efferent motor neurons causing involuntary skeletal muscle
contraction.
Law enforcement officers utilise the weapon to obtain physical and psychological control of violently resistive subjects.
There has been controversy in the lay press with regard to the
use of these weapons and sudden in-custody death. Claims have
been made that these weapons have been responsible for over
300 such deaths. Amnesty International believes that there is
therefore a need for strict limits on the use of such weapons.
While the report found there was ‘no conclusive medical evidence’ to indicate high risk of serious injury or death from the
direct or indirect effects of CEW exposure in healthy normal
non-stressed adults, the study noted that the safety margins
may not be applicable in the case of small children, those with
diseased hearts, the elderly, the pregnant and other ‘potentially
at-risk’ individuals (Amnesty International 2011).

• Was resuscitation attempted? If so, by whom (professional
or non-professional)?

• How many other people were involved in the incident?
• Were there any survivors? If so, where are they?
• A medical history of the deceased must be given, specifically
any cardiac or neurological problems, pregnancy, and so on.

Scene investigation
• A timely and thorough scene investigation is critical, espe•

•
•

24.1.3 Standard operating procedures
Case history
If a witness is available it is important to ascertain the
following:
• A meticulous description of the electrocution event must be
given.
• What was the date and specific time of the incident?
• Where did the electrocution take place?
• Did they actually see the victim get electrocuted?
• Was this a high (>1000 V) or low (<1000 V) voltage electrocution case?
• Was death immediate or not?
• Was the victim dry or wet at the time of electrocution?
• What was the victim doing at time of electrocution? (e.g.
working on high tension cables, ironing, etc.).
• Does this case represent an injury on duty?
• Was there a loud scream, shout or cry from the victim prior
to death?
• Did the victim suddenly arch backwards prior to death?
• Did the victim state that he or she was shocked and then
take several steps before collapsing?

•

cially in low voltage electrocution cases, where few or no
physical findings at autopsy are common.
Paramount to scene investigation is safety. First and foremost, the scene should be ‘made safe’, as live electric wires
would pose a threat to emergency personnel, police service
officers, detectives, and so on. Care must be taken prior to
examining the scene (and body) to assure that the scene (or
body) is not still electrified. Often, the electricity will have
been turned off, but one must be sure to verify this. Death
investigators should approach the scene carefully to avoid
additional electrocutions, particularly in hazardous and
watery environments. Approaching the scene and body carefully is prudent if electrocution was not previously suspected
in the case and if the electrical hazard is still active (Dolinak
et al. 2005).
The scene would also have to be secured as quickly as possible to prevent any alteration of the electrical devices or
wiring.
The defective device may be the only evidence of electrocution after a thorough investigation and examination. Any
electrical devices associated with the deceased should be
secured. A potentially faulty device, such as a hand-drill,
should be X-rayed before opening to review the wiring in
situ.
A reliable electrical engineering consultation should be
obtained. Electrocution death scenes are typically complex
and an expert in the field, typically an electrical engineer, a
municipal electrical engineer or an authority from a contracted academic institution be called to the scene to record
the case for scientific and legislative purposes. Often, it will
be difficult for a medical person to understand what precisely happened from an electrical point of view; therefore
good communication with the electrical engineer should be
established. The electrical engineer may also have difficulty
understanding the medical perspectives. Both parties should
endeavour to simplify their explanations as much as possible
so as that they (and the courts) can understand it.

Postmortem examination
A complete postmortem examination should be performed.
Special attention should be paid to the following:
1. The external examination should include a meticulous
description of the clothing and shoes. The clothing and/
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2.
3.

4.

5.

6.
7.

8.
9.

10.
11.
12.

13.

14.

15.

16.

or shoes displaying any irregularities should be saved as
physical evidence.
Notes should be made of any evidence of resuscitation –
specifically any signs of defibrillation paddle marks.
Metal objects may have burned the underlying skin, or
may have been marked by the heat of electrical arcing.
Metallic objects such as jewellery, tooth fillings, spectacles,
belt, buckles, coins and pacemakers should be specifically
commented upon.
A meticulous description of the Joule burn should be
made, with particular reference to its appearance and
position on the body.
The type, pattern and distribution of any cutaneous electrothermal injuries should be documented, including
clusters of punctuate burns, blisters, partial thickness or
full thickness burn wounds, ‘crocodile skin’ or charred
burns.
Electrocution entrance and exit wounds need to be commented upon.
Pay particular attention to any ‘grounding’ injuries, which
can help reconstruct the position of the victim at the time
of electrocution.
The possible current pathway through the body should be
noted (e.g. through chest, head, etc).
Rupture of tympanic membranes should be noted (use an
otoscope), specifically, if there is reference in the history
to any explosive electrical event.
Mention should be made of singed and/or scorched hair.
Eye signs, such as retinal detachment (cataracts can be
difficult to demonstrate postmortem).
If the person electrocuted was working on a roof, ladder
or pole, additional fall-related blunt force injuries may be
seen.
Specific comment should be made as to amputations and
fractures. The amputated limbs should be meticulously
described.
The procedure for internal examination is identical to any
careful forensic autopsy. Specific attention should be paid
to the presence or absence of ‘electrical petechiae’ (Karger
et al. 2002).
The heart and brain should be carefully examined in the
fresh state or after formalin fixation if an abnormality is
seen or suspected. It is also important to note that not all
burn-appearing injuries are due to electrocution. Sepsis,
drug reactions and heat are just a few of the burn injury
mimics.
Finally, try and exclude any underlying risk factors in the
victim of electrocution (Bailey et al. 2001).

Special procedures
1. Diagrams should be constructed where possible, as
graphic documentation of electrical injury patterns assists
visualisation.
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2. Photographs should be taken from different angles and at
different distances. The relationship of any wiring or electrical devices to the body should be documented and
photographed.
3. Computed tomography (CT) and magnetic resonance
imaging (MRI) would be very helpful and should be used
if resources allow.
4. X-ray examination of the body may be helpful. X-ray
examination of the faulty electrical device may be helpful
(reviewed by electrical engineer).
5. Histology. Nuclear streaming or pallisading with disruption of the epidermis is the classic histological finding of
an electrocution burn. One should also specifically look for
electrically induced deposition of metal on human skin.
Staining for iron and copper may improve the diagnostic
sensitivity of electrical lesions.
6. If civil litigation is likely, then sections of the brain, heart
and skin mark(s) should be saved for possible future
re-examination.
7. Scanning electron microscopy should be used, if available.
8. Toxicology results must be noted (e.g. alcohol, recreational
drugs and carbon monoxide).
9. Collection and preservation of evidence or specimens, as
equivocal cases may require electrical testing of equipment
by an electrical expert.

24.1.4 Electrocution in water
There is a paucity of literature regarding electrocution in bodies
of water. There are a variety of types of electrical contact, each
with important characteristics. Understanding how electric
current reaches and travels through the body can help the clinician understand how and why specific accidents occur and
what medical and surgical problems may be expected (Goodson
1993; Fish and Geddes 2009).

Swimming pools
Most electrocutions occur while touching an electrical device
while in a pool. In this case, the body forms an electrical path
directly from the device to the ground. There are cases of touching the metal housing of a light while in a pool, but just floating
in the water is unlikely to lead to electrocution. Electrocution
requires a flow of current and current requires an electropotential difference in the direction of flow. It is unlikely that there
will be a difference in voltage, for example, between the head
and the feet in a pool of water.
Most cases of so-called pool electrocutions involve touching
or handling an electrical device while standing in or near a
pool. Touching or nearly touching an underwater light, a
metal ladder, the bottom and side of the pool at the same time
or a music system on the deck, may cause electrocution if
the person is grounded, but just floating in the pool, is very
unlikely.
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Electric eels
Electric eels are able to ‘shock’ living organisms in water. Electric eels shock and stun their prey. The electric eel (Electrophorus electricus), is an electric fish, and the only species of the
genus Electrophorus. It is capable of generating powerful electric
shocks, of up to 600 V, which it uses for both hunting and selfdefence. It is an apex predator in its South American range.
Despite its name, it is not an eel but rather a knifefish.
The electric eel has three abdominal pairs of organs that
produce electricity: the main organ, the Hunter’s organ, and the
Sach’s organ. These organs make up four-fifths of its body, and
are what give the electric eel the ability to generate two types
of electric organ discharges (EODs), low voltage and high
voltage. These organs are made of electrocytes, lined up so that
the current flows through them and produces an electrical
charge. When the eel locates its prey, the brain sends a signal
through the nervous system to the electric cells. This opens
the ion channel, allowing positively charged sodium to flow
through, reversing the charges momentarily causing a sudden
difference in voltage, which generates a current.
The electric eel generates its characteristic electrical pulse in
a manner similar to a battery, in which stacked plates produce
an electrical charge. In the electric eel, some 5000–6000 stacked
electroplaques are capable of producing a shock of up to 500 V
and 1 A of current (500 W).
The electric eel is unique among the gymnotiformes in
having large electric organs capable of producing lethal discharges that allows them to stun prey. There are reports of this
fish producing larger voltages, but the typical output is sufficient to stun or deter virtually any other animal. Juveniles
produce smaller voltages (about 100 V). Electric eels are capable
of varying the intensity of the electrical discharge, using lower
discharges for ‘hunting’ and higher intensities for stunning prey
or defending themselves. When agitated, it is capable of producing these intermittent electrical shocks over a period of at
least an hour without signs of tiring.
Electric eels are unlikely to cause a damaging electric shock
to humans but it will be an unpleasant experience.

Underwater welding
The fact that electric arc can operate under water has been
known for over a 100 years. The first ever underwater welding
was carried out by the British Admiralty Dockyard for sealing
leaking ship rivets below the water line.
Underwater welding is an important tool for underwater
fabrication works. In 1946, special waterproof electrodes were
developed in Holland by Van der Willingen. In recent years, the
number of offshore structures, including oil drilling rigs, pipelines and platforms has increased significantly. Some of these
structures will experience failures of its elements during normal
usage and during unpredicted occurrences like storms and collisions. Any repair method will require the use of underwater
welding.

During underwater welding, one of the underground
welding dangers is the risk of an electric shock. There is a possibility of electrocution if the welding equipment has not been
well adapted for the marine environment. Before using the
equipment underwater, it must be ensured that it is well insulated. Further precautions include shutting off the electricity
supply immediately after the arc is extinguished, and limiting
the open-circuit voltage of welding sets.
Underwater welders have been known to weld in estuaries
at high-tide and not at low-tide, when the water is less saline,
thereby decreasing their chances of electric shock.

Electrocution in the bath
This is possible due to the conductivity of water and the person
being grounded against the taps. So there is a possibility of
current passing through the body or flashing over the body with
the person being electrocuted by the high energy levels.
Knight (2004) reported the case of a homicidal electrocution
in the bath. An electric heater was dropped into the water with
the wire to the earth terminal deliberately disconnected. The
240 V supply entered the body diffusely through the water and
completed the circuit by earthing/grounding through contact
with the breasts against the metal taps, leaving electric marks
on the skin. When the earth safety wire was reconnected, the
voltage at the top of the bath fell to negligible levels, even
though the fuse did not blow.
Many devices have ground fault interrupters (GFIs). These
are designed to protect from electrical shock by interrupting a
household circuit when there is a difference in the currents in
the ‘hot’ and neutral wires. Such a difference indicates that an
abnormal diversion of current from the ‘hot’ wire is occurring.
Such a current might be flowing in the ground (earth) wire,
such as a leakage current from a motor or from capacitors.
More importantly, that current diversion may be occurring
because a person has come into contact with the hot wire and
is being shocked. When a circuit is functioning normally, all the
return current from an appliance flows through the neutral
wire, so the presence of a difference between hot and neutral
currents represents a malfunction which in some circumstances
can produce a dangerous or even lethal shock hazard.
GFIs are required by the electrical code for receptacles in
bathrooms, some kitchen receptacles, some outside receptacles
and receptacles near swimming pools. The horror story scenarios which led to these code requirements are things like
dropping a hair dryer or a portable radio into a bathtub with
a person, causing electrocution. A typical circuit breaker interrupts the circuit at 20 A, but it takes only about 100 mA to
electrocute a person in such a scenario. The GFI is designed to
detect currents of a few milliamperes and trip a breaker at the
receptacle or at the breaker panel to remove the shock hazard.
Macroscopic findings on the body in an electrocution in the
bath may include the so-called ‘water-line of lividity’ (the bath
water allegedly leaves a lividity impression of the level of the
water) and may also include grounding or earthing marks on
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Figure 24.12 Lightning has been implicated in the evolution of the first life on earth. And, in a strange paradox, lightning can also end
a life on earth within a millisecond. Courtesy of Bryan Smith, Phalaborwa.

the body such as where the body touched the chrome taps or
earth.

24.2 Lightning
Lightning has caused injuries to humans since humans evolved
on earth. Lightning has played a major part in nearly every
ancient religion and culture and continues to engender stories,
perceptions and myths in modern cultures (Auerbach 2011).
Lightning has been implicated in the evolution of the first
life on earth (Rakov and Uman 2003) (Fig. 24.12). And, in a
strange paradox, lightning can also end a life on earth within a
millisecond; lightning can cause the sudden death of a human,
animal, bird or even plant.
From a forensic pathology point of view, lightning is a fascinating topic. Keraunopathology is the study of the pathology
of lightning on the human and/or animal body.
Very little has been written about keraunopathology in
forensic pathology textbooks, with only a page or two dedicated
to the subject in much of the classic texts (Mason and Purdue
2000; Knight 2004). Much of what has been written constitutes
myth and has been passed down from mentor to student
without having critically tested the matter. Much of the field of
keraunopathology has yet to be scientifically verified.
The forensic pathology autopsy and medicolegal examination of an unwitnessed lightning death represents one of the
greatest thrills in the discipline (Cherington and Kurtzman
2001). There are many ‘mimics’ which could look like a lightning death and one wonders at the amount of undiagnosed
cases through the ages that have been missed or attributed

to other causes due to a lack of the fundamentals of
keraunopathology.

24.2.1 Physics of lightning strikes
Lightning discharge
The study of lightning discharge and formation is extremely
complex and involves an entire branch of physics and meteorology (Malan 1963; Rakov and Uman 2003).
Vladimir A. Rakov and Martin A. Uman, in their textbook,
classify lightning into upward lightning, downward lightning,
positive lightning and negative lightning, and it is possible to
get the following combinations: downward negative lightning,
downward positive lightning, upward negative lightning and
upward positive lightning.
The temperature of the lightning strike varies with the diameter of the strike and has been calculated to be about 8000°C
(14 000°F). Others estimate the temperature to be as high as
50 000°C (90 000°F). In a few milliseconds the temperature falls
to 2000–3000°C (3600–5400°F), that of a normal high voltage
electric arc.

24.2.2 Lightning scene investigation
• From a scene investigation point of view (Blumenthal 2006)
there are many signs to look for which are little known. It is
highly likely that these signs might not be looked for and/or
missed upon scene inspection.
• Always look for damage to a nearby tree (although there is
no concrete data on what the tree looked like before the
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(a)

(b)

Figure 24.13 (a, b) A vineyard struck by lightning. Note the brown discoloration of the leaves and the rapidity of the symptoms from
one day (a) to the next (b), and its distribution in the vineyard – only the one row was affected. Puffy white vascular tissue was shown
on histology (diagnosis confirmed by Professor Gerhard Pietersen; not shown here), which, together with the fact that there were some
thunderstorms the previous afternoon, led to the conclusion that lightning was the cause. Courtesy of Professor Gerhard Pietersen,
ARC Plant Protection Research Institute, University of Pretoria, South Africa.

•
•
•

•

•

storm); though it will be difficult to date the ‘freshness’ of
the tree damage. Leaves may be submitted to a plant pathologist for review. Sudden onset brown discoloration of leaves
after a thunderstorm is suspicious of lightning strike. Figure
24.13 shows a vineyard that was struck by lightning.
The ground may display a fern pattern. This fern pattern
may be subtle.
Soil may show fulgarite formation – bore or tube-like structures formed in sand or rock caused by lightning.
Often, a crater will be exposed in the earth, with rock
and sand being flung far afield. Craters of up to 2 m in
diameter have been reported. Other craters may be less
obvious.
Lightning does not read textbooks: there is one reported case
of lightning entering a window through a curtain. It is therefore possible for lightning to kill someone indoors (Fig.
24.14).
In order to preserve the case history for scientific purposes,
a relevant electrical engineering, academic institution or
other expert in the field, should if possible be advised of the
incident and be called to review the scene (Blumenthal
2006).

24.2.3 Lightning autopsies
There are a number of points regarding the autopsy:
• The external examination should always be meticulous.
There should always be a thorough description of the exter-

•
•

•
•

nal aspects of the body. For example, was there any singed
or scorched hair? Even some of the animal and bird lightning fatality cases have shown scorched hair and/or feathers.
Was this specifically looked for and commented upon in this
particular examination?
Were there any injuries that could have been construed as
cutaneous electrothermal injuries, including clusters of
punctuate burns, blisters or charred burns?
Was there rupture of the tympanic membranes (ear drums)?
This is a very good sign to look for and can help confirm or
exclude nearby lightning strike (Fig. 24.15). Was this sign
looked for?
Eye signs. It is always important to look for retinal detachment in the acute case. Cataract formation has been reported
in lightning strike survivors.
The procedure for internal examination is identical to that
of any careful autopsy. Specific internal organ findings in
lightning would include asphyxial signs such as petechiae
within the fissures of the lungs.

24.2.4 Special procedures
The following special procedures may further assist in the diagnosis of lightning strike:
• Virtopsy, CT, MRI and/or X-ray examination: these depend
on the facilities available. This would be most helpful to
determine and/or exclude if there was any underlying pneumomediastinum, surgical emphysema, fractures, and so on.
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(a)

(b)

(d)

(c)
Figure 24.14 (a, b, c) Lightning structural damage to a club house. Courtesy of I. S. McKechnie. (d) Lightning strike through an open
window. Courtesy of Professor Ian Jandrell, University of Witwatersrand, Johannesburg.

• Histology: widespread myofibrillar separation and fragmen-

Figure 24.15 A ruptured tympanic membrane after a lightning
strike. Courtesy of Dr Ryan Blumenthal, Department of Forensic
Medicine, University of Pretoria, South Africa.

tation with large areas of acute myofibre necrosis is sometimes seen in lightning strike survivors. The author has seen
this finding in a 10-year-old girl who died 10 days after
lightning strike. Upon autopsy examination, her heart
showed intramyocardial septal haemorrhage (Fig. 24.16). In
death through lightning strike, wave-like arrangement of
myocardial cells has been reported in the literature (Jansen
1984).
• Toxicology: this is always helpful from an ‘exclusion’ point
of view. The question is always what specific toxicological
substances would one suspect in this particular case scenario? Ethanol, carbon monoxide and recreational drugs
may be considered.
• Delayed death in lightning strike victims may be due to
myocardial damage or due to kidney failure from myoglobinuria (from muscular injury due to lightning strike).
Myoglobin is nephrosedimentary. This muscular injury
causes a toxic acute tubular necrosis which may cause death.
The proximal convoluted tubules are classically injured in
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24.2.6 Standard operating procedures
Case history

Figure 24.16 Intraseptal haemorrhage in a 10-year-old girl
struck by lightning. Courtesy of Dr Ryan Blumenthal,
Department of Forensic Medicine, University of Pretoria, South
Africa.

toxic acute tubular necrosis. Tamm–Horsfall protein casts
are common in the distal and collecting ducts together with
haemoglobin and myoglobin. Raised creatinine kinase, specifically muscle–brain creatine kinase (CK-MB), is suggestive of myofibre and/or muscular fibre damage.

24.2.5 Collation: determining the
mechanism of injury
Five mechanisms have been described in the literature. Firstly,
a direct lightning strike. Secondly, an indirect strike via contact
with an object, such as a pole or tree, which has been directly
struck. Thirdly, a side flash can occur from a stricken object,
such as a tree, to a nearby victim standing close by. Fourthly, a
person or animal standing near a stricken object, or near a close
flash of lightning to the ground, could be injured by so-called
step voltages produced by lightning flowing through the resistance of the soil beneath. This earth current can then also flow
in another pathway, namely, up one limb and down another of
the victim, which could result in injury or even death. Fifthly,
the so-called ‘fifth mechanism’, namely that bodies could be
sufficiently charged during the lightning leader process to cause
upward streamers to be initiated from them (Anderson 2001)
(Fig. 24.17a–e).
Look for signs suggestive of the ‘sixth mechanism’ of injury
(Fig. 24.17f) – namely, lightning explosive barotrauma – such
as in the case of a 48-year-old-female who was struck dead by
lightning in Pretoria, South Africa. Careful examination showed
secondary missile injury on her legs. This secondary missile
(shrapnel) injury was caused by the lightning striking the concrete pavement next to her. Small pieces of exploded concrete
were located lodged and embedded superficially within the skin
shrapnel wounds (Fig. 24.18).

If a witness is available it is important to ascertain the
following:
• Was there a storm?
• Was there lightning?
• Did they actually see the lightning strike the victim?
• Immediate death or not?
• Where was the deceased at the time of the strike (e.g. under
a tree, golf course, etc.)?
• Any attempted resuscitation applied?
• What was the activity of the deceased prior to death?
• A meticulous description of the lightning event must be
given.
• How many people were involved?
• Any survivors? If so where are they?
• Note the medical history of the deceased, specifically any
cardiac problems, and so on.
• A history of electrical storm activity should be ascertained
from the local weather service, as their lightning network
detection and location system should be able to assist with
the exact time and location of the strike.

Scene investigation
• At the scene there may be damage to nearby trees, such as
splitting or removal of bark.

• Arc marks may be present on the walls or nearby
structures.

• The ground may display a fern pattern.
• Soil may show fulgarite formation – bore or tube-like structures formed in sand or rock by lightning.

• There may be crater formation, which could cause secondary missile injuries.

• In order to preserve the case history for scientific purposes,
a relevant academic institution, or other expert in the field,
should if possible be advised of the incident, more specifically if there is any suggestion of litigation by a surviving
party.

Postmortem examination
A complete postmortem examination should be performed.
Special attention, with the noting of positive and negative findings, should be made of the following:
• The external examination should include a meticulous
description of the clothing and of any evidence of
resuscitation.
• Different clothing fabrics may react in different ways to
lightning.
• Metal objects may have burned underlying skin, or may have
been marked by the heat of electrical arcing. Metal objects
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Figure 24.17 The six mechanisms of lightning injury. (a) Direct strike, which is estimated to be responsible for only 3–5% of all
lightning morbidity. (b) Indirect strike, which is estimated to be responsible for only 3–5% of all lightning-related morbidity. (c) Side
flash, which is estimated to be responsible for 30–35% of all lightning-related morbidity. (d) Step potential, which is estimated to be
responsible for 50–55% of all lightning-related morbidity (i.e. probably results in the most number of lightning-related injuries). (e)
Upward streamer mechanism, which is estimated to be responsible for 10–15% of all lightning-related morbidity. (f) Lightning explosive
barotrauma, which is responsible for electro-shock wave and/or explosive barotrauma-related morbidity. Courtesy of Dr Ryan
Blumenthal, Department of Forensic Medicine, University of Pretoria, South Africa.
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Figure 24.18 (a) Diagram of a lightning event demonstrating the explosion of the concrete pavement on the right of the victim. (b)
Close-up view of the right side of the lower leg of the same female victim, showing lightning-related secondary missile injury from the
exploded concrete pavement. Courtesy of Dr Ryan Blumenthal, Department of Forensic Medicine, University of Pretoria, South Africa.

•
•
•
•
•
•

may show signs of fusing, zincification, cuprification and/or
magnetisation. Metallic objects such as tooth fillings, spectacles, belt, buckles, coins and pacemakers should be specifically commented upon.
The type, pattern and distribution of any cutaneous thermal
injuries, including clusters of punctuate burns, blisters or
charred burns should be noted.
Rupture of tympanic membranes should be noted (use an
otoscope) (Jones et al. 1991; Redleaf and McCabe 1993;
Gordon et al. 1995; Glunic and Roje 2001).
Mention should be made of singed and/or scorched hair.
Eye signs, such as retinal detachment should be noted (cataracts can be difficult to demonstrate postmortem).
Unique arborescent or fern-like injuries (Lichtenberg
figures) should be noted (Fig. 24.19).
The procedure for internal examination is identical to any
careful forensic autopsy.

Special procedures
• Diagrams should be made where possible, as graphic docu-

Figure 24.19 Lichtenberg figures of the skin.

• Collection and preservation of evidence or specimens, as
equivocal cases may require electrical testing of equipment
by an electrics expert.

mentation of electrical injury patterns assists visualisation.

• Photographs: both close-up and distance photographs
•
•
•
•

should be taken.
CT and MRI would be very helpful and should be used if
resources allow.
X-ray examination may be helpful.
Histology (Zack and Hammer 1997) is useful.
Toxicology: it would be useful to note the presence or
absence of the following toxicological substances: ethanol,
carbon monoxide and/or recreational drugs.

24.2.7 Conclusion
It is important to consider the survivors of the lightning strike.
There will be many questions and many myths which may arise
after the incident. For example, in South Africa amongst certain
cultures the entity of ‘lightning revenge attacks’ has been
described by the detective services, where survivors will seek
revenge on the so-called ‘senders’ of the lightning and will
petrol bomb the house of their considered enemies. A good
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website to refer lightning strike survivors is www.lightningstrike.org; Lightning Strike and Electric Shock Survivors International (LSESSI) is a non-profit support group by and for
survivors, their families and other interested parties. Also, refer
survivors and relatives to www.lightningsafety.noaa.gov./ for
handouts, indoor safety and outdoor risk reduction tips,
medical facts, history, survivor stories, photos, teacher tools,
kid’s page and more.

Useful websites
LSESSI (Lightning Strike and Electric Shock Survivors International),
www.lightning-strike.org.
National Weather Service, NOAA (National Oceanic and Atmospheric
Administration), www.lightningsafety.noaa.gov.
(Both last accessed 24 April 2013.)
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Starvation and Neglect

Burkhard Madea

25.1 Introduction
Starvation is a rare cause of death in industrialised countries
but it may occur as a result of child abuse, fasting to death or
in mentally ill people. Worldwide, starvation is one of the most
frequent causes of death. According to estimations by the UN,
25 000 people die daily due to starvation and intercurrent or
associated diseases. Starvation may become of major medicolegal importance if death results from deliberate withholding
of food, especially in infants.
The diagnosis of death as a result of starvation is normally
an easy prima facie diagnosis, with the visual features of starvation being known from contemporary famines. If there is
enough circumstantial evidence, the definite diagnosis of starvation will not be in doubt. Some examples of conditions that
may result in death from starvation are:
• Inability to eat (e.g. as a result of natural diseases such as
carcinoma of the oesophagus).
• Voluntary refusal of food (e.g. fasting to death, hunger
strike).
• Mental disease (e.g. anorexia nervosa, schizophrenia).
• Accidental entombment (e.g. colliery disasters).
• Deliberate withholding of food.
Internal as well as external factors may lead to an identical
picture of cachexia (Fig. 25.1). Therefore, in criminal acts
related to starvation in which the cause of loss of body weight
is suspected to be the result of deliberate withholding of food
(e.g. in the course of neglect of infants), the forensic pathologist
has to collect as much evidence as possible. This is because it is
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the underlying cause of starvation (i.e. ‘deliberate withholding
of food or neglect’), and not the diagnosis of starvation itself,
that will be doubted in following legal proceedings. A distinction between cause and effect is of great importance if criminal
charges are made.
In most of the cases, infants younger than 3 years of age and,
more rarely, elderly and/or helpless people are affected as
victims of deliberate withholding of food. Especially in infants,
it is important not only to estimate the actual loss of body
weight, but also to give an expert opinion on whether or not a
reduced body height may have been caused by chronic malnourishment. Classifications of protein–energy malnutrition
(PEM) that have been developed to estimate malnourishment
in developing countries are of great value for such purposes.

25.2 Clinical and autopsy findings
in starvation
The daily energy requirement of humans (Table 25.1) above the
basic metabolic rate mainly depends on the intensity of physical
activity. An empirical formula for calculating the basic metabolic rate is:
Basic metabolic rate in kilocalories/day
= body weight in kilograms × 25
Energy requirements in healthy children change age dependently (Table 25.2). Insufficient energy intake compared to the

496

PART III   TRAUMATOLOGY AND VIOLENT DEATH

Disease
malnutrition,
hunger
neglect

Loss of
appetite due
to disease
or therapy

High rate of
metabolism
in wasting
diseases

Reduced intake of food

Loss of body weight

Cachexia
Further
deterioration
of state or death

Physical and
psychological
impairment

Table 25.2 Energy requirements in healthy children (male and
female).
Age

Energy requirement
(cal/kg per day)

0–4 months

110

4–12 months

95

1–4 years

100

4–7 years

90

7–10 years

75

10–13 years

60/55

13–15 years

55/45

15–19 years

45/40

Table 25.3 Classification of malnutrition in adults by body–mass
index (WHO 1999).

Increased susceptibility
to infections

Figure 25.1 Pathogenesis of cachexia: circulus vitiosus in the
progredient stages of disease, malnutrition and neglect.

Body–mass index

Nutritional status

≥18.5

Normal

17.0–18.49

Mild malnutrition

16.0–16.99

Moderate malnutrition

<16.0

Severe malnutrition

Table 25.1 Daily requirements of calories in humans. From Bürger
et al. (1969).
Energy exchange
Mode of energy turnover

kJ/day

kcal/day

Basic metabolic rate

F 6300 kJ/day

1500 kcal/day

(body weight 70 kg)

M 7100 kJ/day

1700 kcal/day

Basic metabolic rate plus

F 8400 kJ/day

1900 kcal/day

leisure time requirement

M 9600 kJ/day

2300 kcal/day

Basic metabolic rate for

F 15 500 kJ/day

3700 kcal/day

heavy workers

M 20 100 kJ/day

4800 kcal/day

F, female; M, male.

requirement results in a negative energy balance with subsequent loss of body weight. Malnutrition has to be differentiated
from undernutrition. Undernutrition is the intake of an insufficient quantity of food, whereas malnutrition is defined as
feeding of inadequate quality. Malnutrition in adults is classified by the body–mass index (Table 25.3).
Symptoms and pathology of starvation have been comprehensively reported since World War II, based on experiences
and observations derived from the Nazi concentration camps.
The more or less constant symptoms of starvation develop in
a characteristic chronological order:
1. Loss of well-being and hunger, hunger pains and craving
for food.

2. Apathy and fatigue.
3. Weight loss, more rapid in the first 6 months of starvation
than afterwards.
4. Pigmentation, cachexia and hypothermia.
5. Extreme lethargy, mental retardation and loss of
self-respect.
6. Hunger oedema.
7. Reduced resistance to infections in general, and development of diarrhoea and tuberculosis, or of other intercurrent infections.
In advanced stages of starvation, death may occur suddenly
and unexpectedly. The main autopsy finding is an extreme
emaciation with loss of body weight and organ weights (Fig.
25.2 and Table 25.4). Nearly all organs except for the brain are
reduced in weight (Table 25.5). Loss of weight is very rapid in
the first phase but slows down after approximately 3 months.
Loss of body weight mainly results from the loss of subcutaneous adipose tissue and adipose tissue surrounding internal
organs, atrophy of internal organs and atrophy of muscles. The
loss of about 35–50% of body weight may cause death. Quite
characteristic is the loss of Bichat’s fat pad (corpus adiposum
buccae) (Fig. 25.3). Furthermore, the atrophy of endocrine and
reproductive glands (testes) is quite characteristic. In infants, a
complete atrophy of the thymus is mainly symptomatic of starvation as well as the diminution of the sizes of lymph nodes.
The gallbladder is commonly distended as a result of the
absence of food as a natural stimulant of bile excretion. The

497

CHAPTER 25   STARVATION AND NEGLECT

65
Jacques

Body weight (kg)

63
61

Succi

59

Levanzin

57
55
53
51
49
47
45

0

2

4

6

8

10

12

14 16 18
Time (days)

20

22

24

26

28

30

32

Figure 25.2 Loss of body weight in three male volunteers after complete withdrawal of food for 30 days (only water intake). After a
steep loss of body weight within the first few days, the decrease of body weight then slows down. The solid line represents the
calculated loss of body weight. After Giese and Hörstebrock (1962), reproduced with permission from Madea (2005).

Table 25.4 Loss of total body weight (%) and loss of weight of internal organs (%) as a result of inanition in humans. Reproduced with
permission from Madea and Banaschak (2004), © Springer; see this for study details.
Prym 1919

Krieger 1921
a

Giese 1944

Stein and Feinigstein 1949

Uehlinger 1948

Total body weight

Up to 27

38–43

Up to 40

n.d.

5–40; in most cases 30–40

Liver

11

42

28

46

30

Heart

23

33

24

20

30

Pancreas

ND

ND

ND

ND

10

Kidneys

6

36

0

25

10

Spleen

33

46

20

48

0

Brain

ND

4

ND

7

10

Adrenal gland

25

ND

0

ND

ND

Pituitary gland

ND

ND

0

ND

ND

ND, no data available (modified according to Giese et al. 1962).
a
Loss of body weight (in %) in malignant tumours 38%, in general infection and tuberculosis 43%, and in chronic diarrhoea 48.4%.

Table 25.5 Loss of body weight (%) and loss of weight of internal organs (%) in relation to normal weight values for differrent age
groups. Reproduced with permission from Madea and Lachenmeier (2005), © Elsevier.
Case no.

Age

Body weight

Case 1

3 months

53.3

Case 2

2.3 years

54

Case 3

2.5 years

Case 4
Case 5

Heart

Liver

Spleen

Kidney

Lungs

Brain

25

68.7

40.4

36

+13

37

37

24

46

30

+10

60

25

54

57

45

–

15

2.5 years

55

30

40

51

69

39

11

2.5 years

52

46

46

43

33

52

10

7.4
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(a)

(b)

(c)

Figure 25.3 Typical autopsy findings in starvation. (a) Emaciation with loss of Bichat’s fat pad, sunken eyes and protruding ribs.
(b) Complete loss of subcutaneous adipose tissue with a pronounced rib cage. (c) Loss of adipose tissue of the mesenterium.

stomach and small bowel are normally empty, but the presence
of extremely dry stool in the colon is another characteristic
finding. Even foreign bodies may be found in the colon, indicating that the starving person had tried to eat every thing accessible prior to death. The gross autopsy findings in paediatric
starvation can be summarised as follows (modified from Collins
2010):
• Decreased body weight.
• Reduction of adipose tissue.
• Reduced visceral adipose tissue.
• Atrophied skeletal muscles.
• Decreased organ weights.
• Blue pallor of the skin, pale ‘semi-translucent’ skin, thin
sketched skin over the face.
• Pressure sores.
• Areas of hypopigmentation.
• Dental caries.
• Brittle hair.
• Alopecia.
• Protruding occiput.
• Thin neck.
• Sunken eyes.
• Sunken cheeks/reduced buccal fat.
• Depressed fontanelles.
• Protruding ribs.
• Protruding vertebrae.

•
•
•
•
•
•
•
•
•
•
•
•
•
•
•

Protruding iliac crests.
Winging of the scapulae.
‘Knobby knees’ and joints.
Scaphoid abdomen.
Wrinkled skin over the joints and extremities.
Wrinkled skin and subcutaneous tissue over the buttocks.
Thinned walls of stomach and intestines.
Empty gastrointestinal tract.
Distended and filled gallbladder.
Dehydrated faeces, faecoliths.
Thymic involution.
Sticky serosal surfaces.
Tenting of skin with dehydration.
Diaper rash.
Secondary infections.
Typical picture of emaciation and exclusion of any other
concurrent cause of death are the prerequisite for a definite
postmortem diagnosis of death as a result of starvation.
If the diagnosis of death as a result of starvation is established, the actual cause of death has to be determined: preexisting diseases (e.g. malabsorption, malassimilation, cancer)
or withholding of food. Of special importance is an interview
with the carers concerning the personal history (e.g. abuse,
eating disorders, alcohol and drug abuse, domestic violence,
social skills). The carer has to be further interviewed regarding
feeding history, formula sample, manufacturer of formula for
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Table 25.6 Classification of protein–energy malnutrition (PEM).
Wellcome classification of PEM
Body weight
related to age

Without oedema

With oedema

60–80%
<60%

Malnourishment
Marasmus

Kwashiorkor
Marasmus

Gomez classification of PEM
Body weight
related to age
(% of reference
value)
90–110%

Normal

75–89%

Grade I:
malnourishment
(mild)

60–74%

Grade II:
malnourishment
(moderate)

<60%

Grade III:
malnourishment
(severe)

Table 25.7 Simplified classification of protein-calorie malnutrition.
Body weight
as % of
standarda

Oedema

Deficit in
weight for the
actual height

Underweight child

80–60

0

Minimal

Nutritional dwarfing

<60

0

Minimal

Marasmus

<60

0

++

Kwashiorkor

80–60

+

++

Marasmic
kwashiorkor

<60

+

++

a
Standard taken as 50th percentile of Harvard values. Modified from WHO
(1971).

Waterlow classification of PEM

Height (body height
for age in %)

Body weight–
height relation
(weight related
to height in %)

Normal

>95%

>90%

Mild

87.5–95%

80–90%

Moderate

80–87.5%

70–80%

Severe

<80%

<70%

content and concentration. The medical history and the birth
records have to be reviewed; the medical history of the starved
child has to be taken (including genetic conditions, growth
history, endocrine disorders, carer knowledge about normal
growth and development, eating patterns, types of food available in the house). The body measurements over time especially
have to be evaluated.
Histopathology serves mainly to exclude concurrent causes
of death and to provide clues regarding the underlying natural
causes of emaciation or to exclude them.

25.3 Classification systems
The anthropometric data of starved people and organ weights
are routinely compared to those of a reference population.

These data are the essential basis for the diagnosis of starvation.
However, reference values or percentile charts alone do not
allow a grading of the degree or stage of malnutrition.
Several classification systems have been developed to estimate PEM in developing countries over the last few decades.
These classifications are superior to percentile charts especially
for forensic pathologists because anthropometric data also
allow an estimate of the degree of malnutrition. The grading of
PEM has been successfully applied to affected individuals in
developing countries, but they may also be used for the classification of infantile malnutrition in cases of starvation as a
result of deliberate withholding of food.
It is essential to take full body measurements (and organ
weights) so that the total body size and proportions can be
related to reference values. The body weight should not only be
correlated to the expected weight for the respective age group.
Because undernutrition is not always acute but may also be
chronic, classification systems that were developed for chronic
PEM in the developing countries should also be used (Table
25.6). They may be especially helpful in distinguishing acute
from chronic malnutrition. More simple classifications like the
Wellcome classification or the Gomez classification of PEM use
the expected weight for the respective age group as standard
(Tables 25.6 and 25.7).
However, if these classifications are used, small infants will
always be light infants and chronic and acute undernutrition
cannot be discriminated. Furthermore, infants who are rather
tall for their age and have reduced body weights would be classified as normal and, accordingly, a chronic state of malnutrition cannot be recognised in those infants. However, these
classifications are superior compared to an estimation based on
percentile charts so far as a grading of the degree of malnutrition is concerned.
The Waterlow classification of PEM takes into account not
only the body weight, but also the height and the weight
expected for the actual height (Tables 25.6 and 25.8). Using this
classification system, it will become evident that these infants
are not only light for their age (50% loss of body weight compared to the standard value of the same age group), but are also,
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Table 25.8 Grading of protein–energy malnutrition.
Grade

Stunting (chronic malnutrition)

0

1

2

3

>95%

95–87.5%

87.5–80%

<80%

>80%

90–80%

80–70%

>70%

Actual height in % of normal height of respective
age group
Wasting (acute malnutrition)
Actual weight in % of normal weight for height

Information based on the Waterlow classification. By using this table a grading of both chronic malnutrition (stunting) and acute malnutrition (wasting) can
be achieved.

as a consequence of chronic malnutrition, impaired in their
growth.
An application of the Waterlow classification using the
anthropometric data of 12 starved children revealed the following: nearly all infants were way below the critical values for
severe malnutrition given in the literature. In all cases, the
actual weights in per cent of the ideal weight for height ranged
near or below 70%. Limiting values for fatal starvation are
missing in the literature. On the one hand, there are only a
couple of published case reports on starvation using the Waterlow classification; and on the other, the actual body weight at
the time of death also depends on various other factors such as
dehydration, infection, and so on. Since most cases show a
weight quotient below 70% this may be an indication of the
validity of the grading of the Waterlow classification concerning the severity of starvation. Four of the infants over 1 year of
age presented stunted (height below 90% of normal height) for
the respective age group, whereas infants younger than 1 year
had mainly quotients above 90%. One may speculate that in
older infants undernutrition lasted longer (weight remained
constant as a result of stunting), whereas in younger infants
undernutrition caused death more rapidly without the possibility of compensation of body weight as a consequence of
stunting.

25.4 Death from starvation
25.4.1 Duration of starvation
Published data concerning the duration of starvation before
death refer mainly to adults, acute withdrawal of food and
liquids before death, or infants with congenital abnormalities
of the upper gastrointestinal tract. Altogether, it seems possible
to survive without food and drink for over 8–21 days. If a
person is only deprived of food, the survival time may even
increase to about 2 months although this is influenced by many
other factors. According to observations in 10 young previously
healthy hunger strikers (mean age 25.6 ± 0.7 years) the survival
period until death varied between 53 and 73 days (mean

61 ± 2.5 days). These data are of limited use perhaps only to
cases of chronic starvation especially in infants in which birth
was premature and failure to thrive is reported in the medical
records.

25.4.2 Physical condition prior to death
The medical records of the affected infants must be reviewed
to identify evidence of the duration of malnutrition (body
weight, height; Fig. 25.4 and Table 25.9). The medical expert
witness may be questioned whether or not at some time (days
to weeks) prior to death, undernutrition of the child could have
been recognisable (e.g. by carers, parents or health care workers);
and if so, the carers would have been obliged to request medical
advice and care. In such cases, it is recommended to extrapolate
on the time interval prior to death by taking as a baseline that
complete withholding of food results in a loss of body weight
of about 0.7–1% of the total body weight per day. Using the
Waterlow classification, the extrapolated body weight related to
the ideal weight for height gives an impression of the severity
of malnutrition. When withholding of food was not complete,
it can be assumed that the real body weight for the extrapolated
time was lower in a respective case of chronic starvation.

25.4.3 Immediate cause of death
Immediate causes of death in cases of starvation may include
infectious complications, ventricular tachyarrhythmia or
hypoglycaemic coma. Furthermore, starvation may be accompanied by dehydration as an immediate cause of death.

Dehydration
A man of 70 kg body weight consists of 60% water, altogether
42 L. The main part of the water can be found in the intracellular compartment (40% related to the body weight), while
interstitial and intravasal water make up for 16% and 4%,
respectively. Water metabolism as well as electrolyte metabolism
are regulated within narrow ranges to maintain homoeostasis.
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Figure 25.4 Scene of death. These monozygotic twins were found dead in an apartment that was in a state of total neglect.

Table 25.9 Development of height and weight of the twins shown in Fig. 25.4 from birth to death; cause of death: starvation.
Actual
height (cm)

Normal height
(cm) for age

Height: % of
normal height
for age

Actual
weight (kg)

Birth

42

46

91.3

1.50

2.40

1.70

88.2

1 month

44

50.5

87.1

2.52

3.20

2.20

114.5

1 year

66.5

76.1

87.4

5.90

10.15

7.40

79.7

2.5 years

79

92.3

85.6

6.51

13.60

10.70

60.8

Birth

42

46

91.3

1.62

2.40

1.70

95.3

1 month

45

50.5

89.1

2.52

3.20

2.30

106.36

1 year

64.5

76.1

84.8

6.00

10.15

7.00

85.7

2.5 years

79.5

92.3

86.1

6.20

13.60

10.75

57.9

Date

Normal weight
(kg) (50%
percentile for age)

Ideal weight
for height (kg)

Weight: % of
ideal weight
for height

Case 1

Case 2

The loss of 15% of body water following acute dehydration and
over 20% following longer lasting dehydration is fatal. Although
the extracellular space makes up only one-third of the whole
body water, the single water spaces are regulated mainly by the
extracellular fluid compartment. The regulation of water–
electrolyte metabolism may be reversibly or irreversibly disturbed by the following ways:
1. Ambient factors (e.g. haemorrhages, thirst, hot
environment).
2. Diseases of the regulating organs (e.g. enteritis, renal insufficiency, burns, respiratory insufficiency).

3. Diseases of regulating endocrine organs (e.g. diabetes
insipidus, Addison’s disease).
However, external factors (point 1), such as hypertonic
dehydration due to liquid deprivation, forced feeding of salt or
water intoxication are of utmost forensic importance. Classical
autopsy findings to substantiate the diagnosis of hypertonic
dehydration are:
• Poor skin turgor.
• Tenting of skin.
• Sunken eyes.
• Dry galea and dry organ surfaces.
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Table 25.10 Vitreous humour values.
Antemortem
abnormality

Flame
photometry

Ektachem
400

Beckmann
Astra

Dehydration
Sodium (mmol/L)
Chloride (mmol/L)
Urea nitrogen
(mg/dL)

>155
>135
40–100

>165
>125
40–100

>155
>140
40–100

<130
<105
<15

<135
<95
<15

<130
<110
<15

Low salt condition
Sodium (mmol/L)
Chloride (mmol/L)
Potassium (mmol/L)

During life, a loss of body water results in an elevation of
sodium, chloride and urea nitrogen levels in the blood; therefore, it can be diagnosed quite well. Due to a postmortem loss
of selective membrane permeability, a diagnosis based on
serum electrolyte levels at the moment of death is impossible
postmortem. Serum values at the time of death can quite well
be reflected in the vitreous humour which has a characteristic
‘dehydration pattern’ (Table 25.10), showing an elevation of
sodium, chloride and urea nitrogen that can be diagnosed postmortem. In all cases of suspected dehydration, vitreous humour
should be analysed to use the values in the quest for the determination of the cause of death. However, conclusions must be
drawn carefully and based on a complete morphological and
toxicological status.

25.5 Physical neglect
Physical neglect is defined as deprivation of necessary care
including sufficient nourishment and hydration. Neglect is seen
as a specific form of child abuse but also in older helpless
people. Neglect in such cases is defined as an intentional or
unintentional failure to provide the necessary care to an elderly
person. Neglect can have the appearance of inadequate nutrition, hydration, clothing and hygiene or inadequate repositioning of people who have the risk of developing pressure ulcers.
Pressure ulcers can develop within a few hours, and for patients
at risk of developing pressure ulcers frequent repositioning of
the body is necessary. Pressure ulcers are often seen over the
sacrum, heals and scapulae.
In most cases of physical neglect of children the perpetrators
are female since it is usually the mother who cares for the child.
In particular ‘unwanted children’ or children of ill mothers
(addictive or psychiatric disorders) are at risk. Cases of physical
neglect almost exclusively affect babies or infants who are
dependent on the care of others due to their stage of development (under the age of 3 years).
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Infanticide

Thomas Bajanowski and Mechtild M. Vennemann

26.1 Introduction
Killing of children of all ages is known within various cultures
and different time periods. It has been known from ancient
civilisations and has been performed sometimes as a social and/
or economic necessity without being described then as a crime.
Today, three different terms are used to describe different variants. Neonaticide refers to the killing of a newborn infant
within the first 24 hours of life by a parent, usually by the
mother (Farooque and Ernst 2003; Putkonen et al. 2007). If a
child in the age range between the second day of life and 1 year
is killed the term infanticide is used to describe the crime
(Bourget and Bradford 1990; Putkonen et al. 2007). A more
general term which can be used independent of age is filicide
(Resnick 1969, 1970).
In times when child death rates decrease due to infectious
diseases, accidents and tumours in developed countries, the
incidence of filicides for younger children increased in some
areas and countries (Finkelhor 1997; Krous et al. 2002). The
incidence of infanticide is estimated to be 8/100 000 in the USA
and less than 3/100 000 in Canada (Table 26.1). In 2010, 48
children less than 6 years of age were victims of homicide in
Germany (7.1/100 000) while the number of all unnatural
deaths (including accidental deaths) at less than 1 year of age
was 53 in the same year (7.8/100 000; GBE 2011). It has to be
stressed out that the number of neonaticides and infanticides
may be higher than the official statistics because a number
remains unrecognised as filicide. Therefore these figures are
likely to be underestimated (Shelton et al. 2010).
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It is easy to kill a newborn or an infant, for example by soft
covering of the mouth and nose causing suffocation or by
intensive shaking. External findings may be very discrete or
absent. An external examination of the corpse may not lead to
a clear diagnosis. A newborn may be placed in a small plastic
bag and the corpse can be eliminated easily. Found after days
or weeks, the corpse may show signs of advanced putrefaction.
Pathological investigations may lead to non-specific findings
and finally to an unclear diagnosis (Fig. 26.1). Only in cases of
mothers who show medical complications, of neonates/infants
showing severe and obvious violence, or cases with an unsophisticated scene of death are noticed by family members,
health professionals or medical doctors can the cause of death
determined more easily.

26.2 Stillbirth
According to the World Health Organization (WHO), a
stillbirth is a baby with a birth weight of 500 g or more, 22 or
more completed weeks of gestation or a body length of 25 cm
or more who died before or during labour and birth (WHO
2004). A foetal death is a death before 22 completed weeks of
gestation (WHO) or 24 weeks of gestation in the UK (NHS
2011).
It is difficult to estimate the worldwide burden of disease of
stillbirth, because in most countries good vital statistics are not
available and many countries do not even have a register for
stillbirths. It is estimated that each year 3.3 million babies are
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Table 26.1 Incidence of neonaticide and infanticide in
various countries.
Country/state

Incidence per
100 000

Reference

Colorado, USA
Washington
State, USA
USA

3.1
6.9
8.0 infants
2.5 preschool age
1.5 school age

Siegel et al. 1996
Cummings et al. 1994
Herman-Giddens et al.
2003
Bennett et al. 2006
Friedman et al. 2005

Canada

2.9 infants

Friedman et al. 2005

Sweden

0.6

Somander & Rammer
1991

England + Wales

4.3

Marks & Kumar 1996

England + Wales

6.3

Bropokman & Nolan
2006

New Zealand

4.5

Dean 2004

Tanzania

27.7 (neonaticide)
0.54 (infanticide)

Outwater et al. 2010
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Box 26.1 Known risk factors for stillbirth.
•
•
•
•
•
•
•
•

Chronic hypertension
Haemolysis, elevated liver enzymes and low platelets (HELLP)
syndrome
Diabetes mellitus
Systemic lupus erthymatosus (with anti-Ro or anti-La
antibodies)
Untreated thyroid disease
Prolonged pregnancy (40 + 10 days)
Previous stillbirth
Previous caesarean section

sonnel increases, the rate of intrapartum stillbirth should also
drop in these countries.
Stillbirth rates in high income countries have shown little or
no improvement over the past two decades (NCHS 2009). It is
estimated that one in 200 pregnancies reaching 22 weeks of
gestation will have a stillborn baby. Most stillbirths in developed countries are antepartum deaths; sometimes associated
with placental dysfunction and growth restriction but often
unexplained (Flenady et al. 2011). There are very few studies
on risk factors for stillbirth and the results are conflicting. There
are a few medical diseases which are known to increase the risk
for stillbirth like pre-existing hypertension or pre-existing diabetes, but also a previous abruption increases the risk for a
stillbirth (Box 26.1).
The official rate of stillbirth in Germany is shown in Fig. 26.2
(Genesis 2011). It is now 10 times the sudden infant death
syndrome (SIDS) rate. In the USA, the stillbirth rate is
estimated to be 5.5/1000 singleton births with a marked difference between African-Americans and non-African-Americans
(Getahun et al. 2007). That means in 2001, 26 359 stillbirths
were registered at the National Center of Health Statistics.

26.2.2 Pathology
Figure 26.1 Changes caused by putrefaction may led to
non-specific findings and finally to an unclear diagnosis.

delivered as stillbirths (Cousens et al. 2011). For each affected
family it is a major tragedy.

26.2.1 Epidemiology
Stillbirth rates in developing countries are mainly driven by
unattended births where the baby dies during labour or delivery. Maternal and child survival are part of the Millennium
Developmental Goals (MDG) (Target 4: reduce under-5 mortality rate by two-thirds between 1990 and 2015; Target 5A:
reduce maternal mortality ratio by three-quarters between 1990
and 2015). If the rate of births attended by skilled health per-

When examining a stillbirth, it is always important to examine
the placenta as well. The placenta may show calcifications,
which led to intra-uterine growth restriction (IURG) or blood
clots, indicating placental abruption.
The baby itself might exhibit an obvious reason for death,
such as the umbilicus wrapped around the neck or a prolapsed
cord. Another obvious reason for a stillbirth is a placenta previa,
where the placenta is not attached to the lateral uterus but either
over the cervix or nearby. If this is overlooked by the gynaecologist, at the beginning of labour, both the baby’s and the mother’s lives are at risk because of the extensive bleeding which will
require an emergency caesarean section. Another more obvious
reason for a stillbirth are genetic defects. Some of these are
easily detected like Down’s syndrome or a Turner’s syndrome;
some are more difficult like the fragile X syndrome.
Unrecognised diabetes of the mother might also cause stillbirth. Therefore many gynaecologists ask for early screening for
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Figure 26.2 The stillbirth rate in Germany between 1995 and 2010 (defined as a fetal death of minimal 500 g of body weight).

diabetes (BVF 2011). An unapparent infection with rubella
in the early pregnancy can cause stillbirth, as can other infections of the mother. Syphilis (Treponema pallidum) can be a
major cause of stillbirth, when the maternal prevalence is
high (Goldenberg and Thompson 2003). Coxsackievirus which
in humans normally causes hand, foot and mouth disease can
also cause stillbirth. Cytomegalovirus often causes few symptoms in the mother; leptospirosis, a bacterial infection that is
caught from animals such as cows, pigs, dogs and rats is also
a potential source. Listeriosis is often transmitted by eating
unpasteurised cheese or raw pork meat. Lyme disease is caused
by infected ticks and malaria is a tropical disease transmitted
by Anopheles mosquitoes (Ishaque et al. 2011), but these are rare
in developed countries, unless the mother travels during her
pregnancy.
Influenza A or B can also cause a stillbirth, that is why pregnant women are encouraged to have the seasonal flu vaccine
irrespective of their stage in pregnancy. Toxoplasmosis is an
infection caused by a parasite that is found in soil and cat faeces
(CDC 2011).
There are a number of known risk factors for stillbirth, like
having twins or a multiple pregnancy.
Being over the age of 35 was found to be a risk factor (Salihu
et al. 2008); and being younger than 20 years of age is also a
risk factor. Being a smoker also increases the risk; and in some
studies it was found that having a pre-pregnancy body–mass
index (BMI) of 30 and over increased the risk of a stillbirth
(Getahun et al. 2007).
The newest case–control study found an increased risk of
stillbirth if the mother slept on her back or on her right side
(Stacey et al. 2011). But this finding needs to be confirmed by
other studies in different countries and settings.
Because of a lack of research for most stillbirths the reasons
remain unknown. This is a tragedy for the parents as they do
not know why their baby died and they do not know what the
risk is for the next pregnancy.

26.3 Neonaticide
The term neonaticide was introduced in 1969 by Resnick to
distinguish this special group of deaths from the death of older
children. Although a number of other models and classification
systems of deaths of children have been developed (Guileyardo
et al. 1999; Bourget and Gagne 2002), the term neonaticide is
generally accepted as a specific homicide category because the
motivation of the perpetrator, the circumstances of the crime
and the psychosocial/psychiatric background show special
characteristics compared to other forms of homicide (Shelton
et al. 2010). Looking at the literature one can find numerous
reports dealing with different aspects as well as the incidence
in different countries.
Resnick (1996) described five different types of motivation:
1. Altruistic filicide: the perpetrator wishes to rescue the
child:
a. The crime is associated with the suicide of the perpetrator (the child should not be left alone with this
person).
b. To rescue the child from perceived affliction.
2. Psychotic filicide: the filicide is performed influenced by
hallucination, epilepsy or delirium.
3. Filicide of an unwanted child.
4. Filicide by chance (e.g. as a result of abuse, death not
directly wanted).
5. Filicide motivated by revenge: the child is killed to punish
the partner.
Bourget and Gagne (2002) combined the motivation and
the clinical situation in their classification whereas Guileyardo
et al. (1999) differentiated 16 subtypes of motivation.
In the 15th to 17th centuries, the killing of a newborn was
the most common crime (besides that of witchery) with which
women were prosecuted. During that time, this type of crime
was punished by draconic sanctions, usually by death. In France,
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England and Germany, the mothers had to prove that the
infant was stillborn (Mendlovitz et al. 1998; Rauch and Madea
2004) and not killed. At the beginning of the 18th century, this
type of crime was judged as a less severe act and a reduced
culpability of the perpetrator was assumed. Later, the crime was
attributed to the shame of unmarried mothers and/or psychological alteration of the mother caused by childbirth. In England,
the Infanticide Act was the legal basis to provide an explanation
for the neonaticide assuming that the perpetrators suffered
from puerperal psychosis which is a severe psychiatric disturbance triggered by birth (Oberman 1996). Today, some countries (e.g. the USA, Germany) prosecute neonaticides under
general homicide laws taking into account that some mothers
may be in a special mental situation directly after delivery
(including puerperal psychosis) which may partially explain the
crime and reduce their legal responsibility (Shelton et al. 2010).
Analysing neonaticides, Resnick (1970) found that this type
of crime has the lowest rate of conviction, and if the mothers
are convicted they received short prison sentences or even probation. Marks and Kumar (1993) found that out of a total of
45 cases investigated in England and Wales, mothers were
indicted in 16.
Analysing neonaticides, it is obvious that the offenders share
some characteristic features. The majority of infants are born
out of a hospital, without assistance by other people. Mothers
are usually younger than 25 years of age, unmarried and often
live in the parental home or house (Kaye et al. 1990; Porter and
Gavin 2010; Shelton et al. 2010). The existence of the pregnancy
is usually ignored or suppressed. Relatives and boyfriends do
not have knowledge of the pregnancy. Pregnancy associated
changes of the body are explained by other circumstances (e.g.
increased body weight). Pregnant women are surprised and
unprepared when the labour starts. Offenders are often characterised as passive, with infantile emotions or emotionally undeveloped or cold.
Mental illness may play a role in some cases (Lewis and
Bunce 2003; Krisher et al. 2007). Nevertheless, other motives
are possible and have to be taken into account during the investigation. Shelton et al. (2010) analysed the motivation of the
offenders and found that ‘the primary motive in all 45 cases was
that the child was undesirable or unwanted for personal gain,
be it for convenience, removal of burden, shame of sexual activity outside of marriage, and/or hindrance to future educational
and career goals’. Similar motivations are reported by Bätje
et al. (2011) who analysed 48 neonaticides and infanticides
from two regions of Germany.
In the literature, there are some reports of paternal neonaticides. Resnick (1969) found two such cases and included them
in his paper. Further cases were reported by Pitt and Bale (1995)
and Kaye et al. (1990).
A retrospective investigation of autopsy results obtained in
163 cases of neonaticide (Thomsen et al. 1992) showed that the
victims were well developed. The survival time (i.e. time
between birth and death) was short or very short. Air could be
detected in the stomach but not in the intestine. If the placenta
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Figure 26.3 The umbilical cord shows an irregular edge as a
result of cutting by an unsharp instrument.

could be investigated (n = 70) pathological changes were usually
not found. In 31 cases (19%), the umbilical cord was not cut.
In 39 cases (24%), the cord showed an irregular edge (Fig. 26.3)
while in the remaining cases the cord was cut by a sharp instrument showing sleek edges. In 61 of the total of 163 cases, a clear
cause of death was not diagnosed (37%). In the other 102 cases,
various causes were identified: suffocation by occlusion of the
mouth and nose (n = 39), suffocation by strangulation using a
cord (n = 16), suffocation by strangulation using their own
hands (n = 8), did not give care (n = 8), head injury (n = 8),
drowning (n = 12), sharp violence (n = 8) and hypothermia
(n = 3). The relatively high number of unclear diagnoses
shows that it may be difficult to estimate the time and cause of
death, in particular, if the corpse shows signs of advanced
putrefaction.

26.4 Investigation of mothers
and neonates
According to Knight, the forensic pathologist has to perform a
number of duties when investigating cases of infanticide: ‘to
assist in identifying the mother if she is unknown; to estimate
the maturity of the child; to determine whether or not the child
was stillborn and whether it had a separate existence; and to
determine whether its death was due to natural causes or to any
act of omission or commission’ (Knight 1991).
It is recommended that the investigation of mothers should
be performed by a gynaecologist, if possible in cooperation
with a specialist in forensic medicine. Important information
as to the size and position of the uterus, and the diameter of
the cervix uteri should be recorded. A complete restitution of
the uterus may be observed about 5–6 weeks after delivery.
From the size (and position) of the uterus conclusions can be
drawn with regard to the time of delivery (Heiss 1967):
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• Directly after delivery: in the middle between navel and
symphysis.
First day after delivery: one finger below the navel.
Second day after delivery: two fingers below the navel.
Third day after delivery: three fingers below the navel.
Seventh day after delivery: two fingers above the
symphysis.
• Tenth day after delivery: on the level of the symphysis.
As an important first step of the medical/police investigation, the question should be answered whether or not the pregnancy was known prior to birth or not (Rauch and Madea
2004). To clarify this question, medical documents on the pregnancy and medical investigations during pregnancy are important and should be analysed if possible. Furthermore, it may be
helpful to ask the father of the child, parents of the mother,
other relatives, colleagues and friends for their knowledge with
regards to the pregnancy. In a second step, the preparation of
the mother with regard to the delivery has to be investigated
and the following questions asked.
• Did the mother buy clothing for the baby?
• Did she contact a gynaecologist and/or a midwife? Where
did the delivery take place?
• Where were the infant, the placenta and the umbilical cord
found?
• Are there signs of atypical birth as rapid parturition or of
an affected physical or psychic state in the mother?
• How much time did the delivery take?
• Is it possible to estimate the amount of blood lost during
delivery?
• How did the mother cut the umbilical cord? Did she use an
instrument to do this?
• Are there witnesses of the birth?
• Was the newborn infant hidden?
If the mother of a newborn infant is not known, all the
characteristics which can help to identify the mother and child
should be recorded; information on the blood group of the
infant and placenta can be gained using DNA technologies.
Furthermore, the time of birth and the time of death as well as
the cause of death are important information to be gathered.
The autopsy of the corpse of a newborn is a mandatory part
of the investigation, and some special questions have to be
answered. Therefore special knowledge is necessary and some
autopsy techniques have to be applied that are different compared to adults or older children (Table 26.2).

•
•
•
•

26.4.1 Changes associated with the birth
and duration of life
During external examination, meconium can be found on the
skin around the anus. If birth is complicated by asphyxia of the
infant, first meconium may withdraw in utero. In cases of
uncomplicated delivery, withdrawal of the meconium can be
observed within about 10 hours after birth. If the infant survived for at least 2–3 days, meconium cannot be found in the

Table 26.2 Investigation of the corpse of a newborn. Reproduced
with permission from Bajanowski and Verhoff (2008),
© Springer.
Prior to autopsy

Measurement of the body temperature
(time of death)
X-ray investigation
Swabs for microbiology/virology
Cell culture for fibroblasts
Securing of evidence

External
investigation

Weight and length, signs of maturity
Signs of newborn?
Documentation of injuries (by photography)
Signs of malformations?

Internal
investigation

Detection of air embolism necessary?
Preparation of the tentorium of the
cerebellum
Preparation of the ocular bulb?
Preparation of the mastoid
Preparation of nasal meatus
Signs of malformation?
Viability?
Do lungs contain air (floating on the water
surface?)
Documentation of findings/injuries (by
photography)
Organ weights
Sampling of tissue specimens and body
fluids

After autopsy

Reconstruction of the body
Documentation, storage and transmission
of specimens
Organisation of additional investigations

intestine. Furthermore, vernix caseosa is present directly after
birth on the skin of the back as well as remnants of the umbilical cord. The edge of the umbilical cord may give information
about the instrument used to cut it. Caput succedaneum of the
galea aponeurotica may be present indicating cephalic presentation of the neonate.
The demarcation of the cord starts directly after birth.
During the first hours of life, swelling and rubefaction of the
skin around the navel can be observed showing an increasing
intensity with a maximum on the third day of life. Starting on
the second day, the navel sinks due to retraction of the cord
vessels under the level of the surrounding skin (Maresch and
Spann 1987).
The detection of air in the stomach and intestine makes it
possible to estimate the survival time of an infant. Air bubbles
in the stomach and duodenum indicate that the death occurred
within some minutes after birth (maximal time interval 30
minutes). If air bubbles can be found in the whole small intestine, the survival time reaches about 6 hours. If the whole large
intestine contains air, the survival time can be estimated at
about 12 hours (Rauch and Madea 2004). The detection of
meconium in the whole large intestine indicates a survival time
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of less than 2 days. If remnants of meconium are found in gaps
of the intestine, the survival time is shorter than 5 days.

26.4.2 Investigation for viability
and maturity
Detailed information on signs of maturity can be found in
older references (Fritsch 1901). Following the literature, a
mature newborn has a body length between 48 and 52 cm. The
body weight differs in a range of 2000–5000 g (on average
3250 g). Lanugo hair is not present at this stage. The bones of
the skull are non-relocatable. The head circumference reached
about 33–35 cm. The diameter of the head varies between 10
and 11.5 cm in the longitudinal direction, and between 8 and
8.5 cm from side to side. The big fontanelle has a length of
about 2.5 cm. The cartilage of the nose and ears are well developed. The testes can both be found in the scrotum. The large
pudental lips cover the small pudental lips. The nails of the
fingers and toes are stiff and their edges cover the tips of fingers
and toes. The distance between the navel and symphysis reaches
3–5 cm. The distal epiphysis of the tibia shows an ossification
centre of about 0.5–1.5 cm in diameter. The umbilical cord has
a length of about 40–60 cm, and has a white colour and a soft
consistency. The placenta varies in diameter between 15 and
20 cm and has an average weight of about 500 g. Furthermore,
standard sizes for different bones are available (Fritsch 1901).
For practical case work, it is usually sufficient to investigate the
parameters listed up in Table 26.3.
To investigate the infant for viability is essential. In general,
viability can be assumed if the newborn is mature (body length
>35 cm), does not show severe malformation and causes of
death relating to birth are not present. Circumstances explaining the death may include, for example, intracranial haematomas, severe malformation and severe (generalised) intra-uterine
infection. Severe immaturity may be a cause of death because
the function of important systems such as the regulation of
breathing or the regulation of body temperature can be disturbed. Intracranial haematomas may be caused as a result of
delivery if the head is compressed by the pelvis or as a result of
uterus contractions. Intra-uterine infections are frequently
caused by herpes viruses, cytomegalovirus, coxsackieviruses
and hepatitis viruses. Infections caused by bacteria and protozoa may occur. At present, one of the most frequent pathogens
is Toxoplasma gondii. Toxoplasmosis is characterised by lymphadenitis, hydrocephalus, icterus, hepatosplenomegaly and
intracerebral calcifications. Well known are the ocular and the
cerebral forms of toxoplasmosis (Jones et al. 2003). The ocular
form shows a retinochoroiditis. Histological diagnosis can be
established by the detection of a granulomatous inflammatory
infiltration of the choroid and areas of necrosis of Bruch’s
membrane.
If signs of maturity are not present, the gestational age may
be estimated using body length and weight (Fritsch 1901):

Table 26.3 Markers indicating good development and maturity of
a newborn infant.
Parameter

Value

Body length

≥48 cm

Body weight

≥2500 g

Head circumference

34–35 cm

Length of umbilical cord

c. 50 cm

Weight of placenta

c. 500 g

Nails cover the tips of fingers
and toes

Yes

Lanugo hair

Not present any more
(residues may be found
on the shoulders)

Testes are found in the scrotum

Yes

Large pudendal lips cover small
lips

Yes

Ossification centre in distal
femur epiphysis

Diameter ≥5 mm

Ossification centre in calcaneus

Diameter ≥9.5 mm

Distance from one shoulder to
the other

≥12.5 cm

• Fetuses at the end of the first month have a length of about
1.25 cm and show buds of the extremities.

• In the third month, body length reaches 9 cm, nails on the
hands and feet can be seen and the ossification centre can
be found in the ischiadic bone.
• At the end of the fifth month, the body length varies between
18 and 25 cm, the weight is about 350–450 g, hair on the
head can be developed and ossification starts in the heel
bone.
• At 7 months, the length is about 35 cm, the weight reaches
900–1400 g, the whole body shows lanugo hair and ossification centres may be found in the talus and in the sternum.
• At 8 months, the length is about 40 cm and the weight
1500–2000 g.
• At 9 months, the length is about 45 cm and the weight
around 2200 g.
For legal reasons, it is of great importance to differentiate
stillbirth and live birth. A living born neonate shows either
pulsation of the umbilical cord or heart action or breathing
activity or combinations of these markers (the German definition). In stillbirths, none of these three features are present. The
body weight for stillbirths should reach 500 g. If the body
weight is lower than 500 g, a miscarriage or spontaneous abortion took place.
If the fetus or embryo dies in utero and the corpse is not
delivered, characteristic changes occur which are called maceration. Maceration is caused by aseptic fermentative autolysis of
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Table 26.4 Maceration of the fetus. Reproduced with permission
from Kratter (1921).
Grade of
maceration

Changes in the corpse

Grade 1 (1–3 days)

Vesiculation of the skin, lysis of the
epidermis

Grade 2 (until 4
weeks)

Grey-brown colour of the corium,
umbilical cord and amniotic fluid;
easement of the junctures; slack
structure of the skull showing loose
sutures; transudation in body cavities

Grade 3 (>4 weeks)

Discoloring of the body, ‘lipoid’
transformation, perhaps
skeletonisation
Figure 26.4 Positive result of the flotation test of the lungs and
the organs of the neck.

the corpse which lies in warm amniotic fluid. These changes are
overviewed in Table 26.4.

26.4.3 Proof of live birth
The proof of live birth is usually taken by the detection of
breathing air in the lungs of a newborn. In children who have
had a first meal after birth, food in the gastrointestinal tract
may be found indicating a live birth. Nevertheless, the detection
of breathing may be difficult and the tests may be influenced
by external and internal circumstances leading to false-positive
or false-negative results. Therefore, the significance of the
hydrostatic test has been discussed controversially. In Germany,
the flotation test was documented as part of legal proceedings
in 1681. Schreyer applied the test to give proof of the innocence
of a woman who was prosecuted about the killing of her
newborn infant (cited by Rauch and Madea 2004).
Because of this discussion, the technique of the test was
modified and should be performed as follows (Rauch and
Madea 2004; Bajanowski and Verhoff 2008): The organs of the
neck are prepared ventrally, lengthening the skin cut up to the
chin. The trachea should be ligated directly below the larynx
using a clamp and for a second time directly over the bifurcation using suture material. The oesophagus should be ligated
by suture material between the diaphragm and the stomach.
Furthermore, the duodenum should be ligated near the pylorus
as well as the other parts of the intestine at different levels.
These ligatures should prevent the artificial entrance of air into
the lungs, stomach and intestine. As a next step, the organs of
the neck and the chest cavities may be taken in one block and
are put in a water-filled pot (Fig. 26.4). If the lungs swim and
hold the whole package on the water surface, the hydrostatic
test is positive, indicating breathing activity in the newborn
after birth. If the lungs including the other organs do not float
on the water surface, the result of the test is negative.

The test could be repeated using both lungs separately, using
all lung lobes and finally using small pieces of lung tissue. But
the diagnostic value of these repetitions is still under discussion. If the lungs do not float, it can be assumed that the infant
did not breathe air after birth, and stillbirth has to be the diagnosis. It is known that resuscitation attempts, putrefaction or
frozen tissue may lead to false-positive results while falsenegative results may be obtained if the newborn was brought
to water directly after birth and water aspiration occurred.
If it is unclear whether or not a positive result of the floatation test of the lungs could be due to putrefaction, the test can
be done additionally using small pieces of spleen and/or liver
tissue. In both organs, putrefaction gases develop at similar
time frames compared to the lungs. If spleen and liver specimens do float on the water surface, putrefaction gases will be
present in the tissue (Rauch and Madea 2004; Bajanowski and
Verhoff 2008).
The lungs of a newborn who lived and breathed after birth
do usually fill the chest cavities because of air inflation. Fully
respired lungs have medial edges overlapping the mediastinum.
The lung surface shows a grey-red colour. Some areas of atelectasis may be observed in incompletely expanded lungs. The
edges of the lung are more rounded by expansion compared to
stillbirth. The lung of a stillbirth is smaller compared to a live
birth, lies contracted against the mediastinum, shows a dark red
colour on the surface, is heavy and has a liver-like consistency.
On rubbing of small tissue specimens, crepitation cannot be
heard (Knight 1991).
Histologically, ventilated lungs are characterised by expanded
alveoli of round or oval shape. Epithelial cells are arranged
linearly. Elastic fibres may be stained using the methods of
Weigert or Gomori and are stretched (Gordon and Shapiro
1972; Adebahr 1992). Unventilated lungs show alveoli of varying
form and size, sometimes with a glandular structure. Epithelial
cell have cuboid or columnar forms. Elastic fibres are not
extended. Although some authors recommend performing
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histological investigations to answer the question over live
birth, Gordon and Shapiro (1972) noticed that lung histology
is more suitable to determine the gestational age of fetuses than
to answer the question over live birth. They were not able to
demonstrate a correlation of histological findings and the result
of the floating test. They investigated some cases of stillbirth
and some deaths which occur directly after or during birth
showing obviously well expanded lungs (alveoli) and giving
negative results of the hydrostatic tests. In contrast, they
described cases showing fetal atelectatic lungs/alveoli and positive hydrostatic tests (Gordon and Shapiro 1972).
Most authors agree that it is possible to differentiate (without
any doubt) a fully expanded lung (which can be seen after
a noticeable survival time) and the lung of a stillbirth. But,
problems may arise if a minimally respired lung shows intermediate changes. Janssen summarised the discussion and
stated: ‘according to the present level of knowledge and the
possibilities for examination, ventilation of the lungs alone
cannot be taken as a certain indication of a live birth’ (cited by
Knight 1991).
In a second step (after the floating test of the lungs) the
stomach and intestine may be tested in a similar way. The
ligated stomach including the intestine is put into the water.
Segments which do not contain gas will sink while other segments containing gas/air will float on the surface. The intestine
can be opened under the water surface. If gas bubbles rise, this
can be due to swallowing of air after birth (Rauch and Madea
2004). The interpretation of this test shows similar problems
compared to the inflation test of the lungs. In particular, the
test can be influenced by putrefaction.
In the case of frustrated breathing activity, air may be found
in the stomach but not in the lungs. Then, the positive results
of the stomach floating test by means of a negative lung floating
test may indicate the live birth of the infant.
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deaths occurred in preterm infants, as compared with 40.9% in
2008 (Liang et al. 2011).
Post-term infants show a higher mortality rate compared to
mature infants. Prolonged pregnancy is defined as a pregnancy
with a gestational length of more than 293 days. About 5–10%
of all pregnancies are complicated by such length. Olesen et al.
found that the risk of perinatal death was 1.33 (95% confidence
intervals 1.05–1.68) compared to term delivery in Denmark
(Olesen et al. 2003).
Congenital anomalies may involve different organs such as
the heart (e.g. transposition of the large vessels, complex malformations with defects of the ventricular septum), central
nervous system (e.g. anencephaly), intestine (e.g. atresia) and
lungs.
The detection of birth trauma during autopsy is possible if
special techniques are applied, as for example in the preparation of the bridging veins, the sinus of the dura mater and the
tentorium of the cerebellum (Fig. 26.5). Strangulation by a loop
of umbilical cord is a rare event, but may cause death prior to
or during birth. At autopsy, the lungs are not expanded and a
strangulation mark should be present.
Unnatural death in neonates is mainly caused by neck compression, occlusion of the airways, suffocation, hypothermia,
blunt trauma or sharp violence (Rauch and Madea 2004). All
these causes of death are documented by a number of case
reports in the literature. Neonaticide by failure to offer proper
care is rare. Neonates who have wet skin show a tendency to
develop hypothermia. Nevertheless, survival times of some days
are described. During autopsy, the typical changes associated
with hypothermia may be found. Furthermore, these infants
may show an obstruction of the airways by mucous or amniotic
fluid (Rauch and Madea 2004).

26.4.5 Sampling during autopsy
26.4.4 Causes of death
An important question to resolve is the cause of death. To
exclude any natural cause of death including death associated
with birth complications is essential to provide proof for
neonaticide.
The most frequent causes of natural death associated with
birth or during the perinatal period are immaturity, post-term
pregnancy, malformation, intra-uterine asphyxia, injuries
resulting from birth, dysfunction or insufficiency of the placenta. Smith et al. (2010) reported the following frequencies for
different causes of perinatal deaths obtained from the UK.
Deaths due to immaturity were the most common (44.5%),
followed by those due to congenital anomalies (24.1%), intrapartum events (10.6%), infection (9.1%), accidents and other
specific causes (7.0%) and sudden infant deaths (2.9%; Smith
et al. 2010).
In China – one of the 10 countries with the highest number
of neonatal deaths in the world – in 2003, 33.6% of all newborn

Organising the sampling procedure is an important task which
has to be done before and during autopsy. The aim is to take
all the necessary specimens, smears, tissue samples, and so on,
that could be useful in performing additional investigations.
This includes mainly histology, immunohistochemistry, toxicology, metabolic screening, clinical chemistry, microbiology,
virology and genetic testing. Sometimes, it can be difficult
or impossible to take sufficient material to perform all necessary investigations. In such cases, a decision has to be made
about which investigations are of higher or lower priority
(Table 26.5).
The following is an overview of sampling procedures.

Smears and specimens for
microbiology/virology
This includes smears from the airways, tympanic cavity, intestine, lung, heart, spleen and brain. Furthermore, smears and
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(a)

(b)

(c)
Figure 26.5 (a) Small haematomas on the skin of the face caused by blunt trauma. (b) Small subdural haematoma caused by a
ruptured bridging vein. (c) Massive haematomas of the galea and epidural space caused by blunt trauma.

specimens from other locations may also be necessary. Any
contamination should be avoided by using one-use material.

Tissue specimens for histology and
immunohistochemistry
Histology is a mandatory component of the investigation. Even
in newborns and infants, some diseases do not show the typical
changes as known in adults, and may only be diagnosed by
histology. The suitable cutting and staining scheme is described
by Bajanowski et al. (2007). Tissue specimens should be of an
appropriate size and should be representative of the whole
organ. Immunohistochemical investigations may be helpful to
diagnose myocarditis and various types of pneumonia. If some
antibodies are not suitable for use in paraffin-embedded material, specimens should be frozen and stored at a temperature of
−20°C without fixation.
If a case is suspicious for unnatural death, tissue specimens
from injured regions can be investigated to determine the time
of injury.

Specimens and body fluids for
metabolic screening
The simplest test for metabolic diseases is the histological investigation of liver tissue for iron (Berlin blue staining). A positive

result will be obtained in a number of different diseases. Further
investigations can be done using some dried blood drops on a
Guthrie card (four to five drops, each 0.5–1.0 cm in diameter).
By tandem mass spectrometry, it is possible to diagnose the
most important and most frequent diseases. Functional disturbances can be investigated using cultures of fibroblasts. Fibroblasts can be taken from the skin or the heel tendon and can be
stored for some hours in a nutrient solution.

Genetic investigations
To clarify whether or not the death is attributed to hereditary
disturbances, for example of cardiac rhythmic function (e.g.
long QT syndrome, Brugada’s syndrome, various types of cardiomyopathy) or to metabolic diseases it is recommended to
take material for DNA extraction (1 mL of blood, 5–10 g of liver
or spleen). The material can be stored at −18 to −20°C for a
longer time (weeks or months). Furthermore, cultures of
fibroblast can be used for these investigations.
Sometimes it is necessary to perform maternity/paternity
testing. Three millilitres of blood stored in ethylenediaminetetraacetic acid are sufficient. Alternatively, a few microlitres of
frozen blood or material from frozen tissue samples can be
used. Furthermore, it can be recommended to take five drops
of blood on filter paper (5 × 5 cm) as a routine procedure. This
can be dried and stored within a paper wrapper at room
temperature.
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Table 26.5 List of priorities differentiated for various types of cases. Reproduced with permission from Bajanowski and Verhoff (2008),
© Springer.
Investigation

Newborn

SUDI/SIDS

Time of death

3

2

X-ray

1

1

Infection

Metabolic diseases

Unnatural death
1

3

2

Smears for traces (mouth, anus, vagina)

1
1

Smears for microbiology
(nose/throat)

1

1

3

Culture of fibroblasts

2

4

1

1

2

2

2

2

2

4

3

Lengths and weights

1

Cerebrospinal fluid
Signs of maturity

1

Test for air embolism

4

2

Tentorium

1

Eye bulb

1

Regional lymph nodes

3

3

Salivary glands

2

2

Mastoid

2

2

1

Nasal meatus

2

Floating test

1

Organ weights

1

1

1

1

1

Histology

1

1

1

1

1

Immunohistochemistry

2

2

2

3

4

Microbiology/
virology

2

2

1

2

3

Toxicology

2

2

2

Neuropathology

3

2

3

2

3

4

1

Genetic investigation

2

1
2

SIDS, sudden infant death syndrome; SUDI, sudden and unexpected death in infancy.
Degree of priority: 1, mandatory; 2, important; 3, recommended; 4, helpful; no number, of less value.

Investigation of traces
In general, the same techniques are used as described for adults.
Depending on the case, it is possible to take traces from the skin
using swabs (see Table 26.5).
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Death during Pregnancy

Eberhard Lignitz, Gerhard Kernbach-Wighton and
Veronique Henn

27.1 Analysis of maternal mortality
Clear definitions are a substantial requirement for a country’s
consensual regulations. Furthermore, maternal and infantile
mortality rates provide important statistical data for the health
system of a country. A maternal death case is defined as the
death of a woman during pregnancy or within 42 days following birth, provided that it is linked to pregnancy or its medical
treatment. Accordingly, accidents or other accidental incidents
are excluded. It is helpful to divide the death cases into two
subgroups representing cases which are directly and those that
are indirectly due to gestation. ‘Direct’ cases are the direct consequence of pregnancy, birth or puerperium including appropriate or inappropriate treatment or its mission. ‘Indirect’ cases
are the result of a pre-existing disease or of an illness originating from the time of the gestation and which has deteriorated
substantially due to the pregnancy itself.
The group of deaths not due gestation comprises all unnatural deaths such as accidents, suicides and homicides accidentally occurring during pregnancy. Late maternal deaths occur
later than 42 days and up to 1 year following the end of pregnancy. Death cases during gestation, so-called pregnancyrelated deaths, represent deaths among pregnant women and
others who die within 42 days following childbirth without
further assessment of the cause of death. The statistical rate of
maternal mortality comprises all direct and indirect death cases
related to 100 000 live births.
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27.2 Pregnancy as a physiological
process with specific risks
Pregnancy commences with the nidation of the fertile egg cell
and finishes with the ejection of the placenta. The duration of
pregnancy postconception is on average 267 (range 263–273)
days (= 38 weeks or 9.5 lunar months at 28 days) or around 280
days (= 40 weeks or 10 lunar months), respectively.
A pregnancy requires a number of adaptive processes from
the maternal organism which may simultaneously represent
hazards to the mother and/or child. The uterus grows continuously with an increasing weight from 60 to 1000 g with a 7–10fold dilatation of the muscle cells. Up to the 4th month of
pregnancy, the thickness of the wall of the uterus increases up
to 2.5 cm before continuously decreasing to 0.5–1.0 cm. From
the 10th week of pregnancy, the blood volume increases (in
favour of the plasma volume) as well as the average cardiac
output (the uterus alone makes c. 20%). Body weight increase
in the mother at the end of the pregnancy totals up to approximately 10–12 kg (child c. 3.5 kg, amniotic fluid 1 kg, placenta
0.5 kg, uterus 1 kg, breasts 0.5 kg, blood 1 kg, interstitium 3–4 kg)
(Table 27.1).
To preserve life, there are a number of physiological changes
which may become relevant under certain pre-existing conditions. The growing uterus is compressing the pelvic veins and
may act as a mechanical obstacle causing local thromboses. The
latter may also be boosted by plasmatic hypercoagulability
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Table 27.1 Level of the fundus of the uterus during the course of
pregnancy and postpartum. Reproduced with
permission from Stoeckel and Wagenbichler (1998).
Month

Week

Level during pregnancy

5th

20th

Approximately in the middle between the
umbilicus and symphysis

6th

24th

At the level of the umbilicus

7th

28th

Two fingerbreadths above the umbilicus

8th

32th

Middle between the umbilicus and xiphoid
process (umbilicus gradually filling in)

9th

36th

At the costal arch close to the xiphoid
process (highest level), umbilicus filled
in the 0–40th week. In the middle
between the umbilicus and xiphoid
process (as at the end of the 8th month
the abdomen has dropped); umbilicus
prominent; lower section of the abdomen
markedly prominent

Daypostpartum

Level during first days of puerperium

Immediately
postpartum

Two fingerbreadths above the umbilicus
after expulsion of the placenta

1st day postpartum

One fingerbreadth above the umbilicus

5th day postpartum

Between the umbilicus and symphysis

10th day postpartum

Two fingerbreadths above the
symphysis

found during pregnancy and also causing the danger of pulmonary embolism. However, in general it is only a disturbance of
the balance between blood flow, vascular wall metabolism and
blood coagulation resulting in local thrombosis. The final
period of gravidity is characterised by an increased oxygen
demand and consumption leading to a rise of respiratory rate
and cardiac output. Such changes with the increase of the heart
muscle mass during pregnancy may become a risk if there are
pre-existing vessel diseases or other pathological alterations of
the heart. Further stress may originate from birth, producing
during labour an extreme load on the heart.
In summary, all the adaptive adjustments of maternal
haemodynamics cause an increase of the circulating blood
volume by 30–40% (1.5–2.0 L), which itself provides some protection against blood loss during child birth. Also, possible
psychological lability postpartum may potentially lead to autoaggressive behaviour and also to criminal aggression towards
others.

27.3 Maternal death directly
due to gestation
Among all deaths directly linked to gestation and examined in
East Berlin, 27 were seen to result from exsanguination due to

Figure 27.1 Tubal pregnancy showing the wall of the tube with
the lumen (X) and placental villi (box) in the exterior wall regions
(H&E, 2.5×).

rupture, atonia or premature removal of the placenta; 20 cases
were caused by toxicosis; and 22 cases were due to embolism
(thromboembolism, amniotic embolism and air embolism). A
further 10 cases originated from abortion, 19 from infections
and four from cerebral haemorrhage.

27.3.1 Death during early pregnancy
(1st to 4th month)
Extra-uterine pregnancy
More than 95% of cases with extra-uterine pregnancy involve
the tube with its middle and distal third. The trophoblast penetrates the mucosa and the wall of the tube. It mostly ruptures
within 6 weeks due to its continuous growth, but sometimes
within 12 weeks. On the one hand, this is due to its growing
size; on the other hand, there is also the eroding effect of the
chorionic villi. This has given rise to the saying ‘In the tube, the
egg is not only digging its bed but also its own grave’. The mortality rate has been given at around 2%. Tubal ruptures are life
threatening and may lead to death by exsanguination within a
short period of time. Preceding symptoms may be very minor
and non-characteristic (e.g. back pain), circumstances which
often result in forensic autopsies due to an undetermined cause
of death. The postmortem diagnosis of exsanguination is considerably supported by the amount of blood loss into the
abdominal cavity. It must be highlighted that the histological
findings of a decidualisation of the mucosa of the uterus do
not represent a proof for nidation having taken place (Figs 27.1
and 27.2).
In case the embryo is still alive, the decidua formed within
the uterus in the situation of an extra-uterine pregnancy compared to that of normal uterine pregnancy differs only regarding a lack of trophoblast cells and placental villi. After death of

518

PART III   TRAUMATOLOGY AND VIOLENT DEATH

Figure 27.2 Tubal pregnancy showing placenta villi with typical
trophoblastic epithelium (blue arrow), Hofbauer cells (red arrow)
and regressive changes; also seen is the adjacent decidualised
stroma of the tubal wall (yellow star) (H&E, 20×).

an embryo, the decidua undergoes regressive changes, but due
to a lack of inflammatory changes spontaneous emission almost
never takes place. In the first instance, shrinkage of the stroma
develops gradually but finally changes to higher degrees. These
changes result in the glands collapsing showing a positive Arias
Stella phenomenon meaning a bright overinflated cytoplasm of
the glandular epithelium combined with the nuclei appearing
grotesque. The so-called Arias Stella phenomenon is characterised by hormonal overstimulation in the case of primary death
of the embryo caused by the placenta surviving for a longer
period of time. Depending on the degree of retrogression, the
Arias Stella phenomenon may represent the only certain sign
of a preceding pregnancy. Such changes may be present for a
number of weeks following the death of the embryo. It may be
difficult to answer the clinically and forensically important
question of a possible differentiation between extra-uterine and
intra-uterine abortion based on abrasion material samples,
even if all available histological special methods are used. A
clear decision can only be made based on the detection of fetal
tissue. Eventually, decidua may also occur without pregnancy
(e.g. in persisting corpus luteum, tumour of the granulosa cells,
ovarian cancer).

Abortion
An unexpected death during the early phase of pregnancy
usually raises the suspicion of abortion, especially under forensic conditions and also if the legislation in different countries
offers the possibility of legal abortion based on special legislation. But legal abortion is not without any risks. Furthermore,
there are a number of reasons for an abortion to be performed
apart from external interventions which may lead to emission
of the embryo (up to the 10th week of pregnancy), mostly based
on genetic disturbances, or to emission of the fetus (from the

10th week of pregnancy on). If it has reached a body weight
above 500 g, it has to be declared as stillbirth according to the
laws on personal status.
In cases of abortion that do not suggest a criminal background but a normal or legal one, an ‘abortus imminens’ can
be differentiated clinically which may raise fears of an imminent abortion. However, it is finally still a matter of normal and
intact pregnancy. It is the same with an ‘abortus incipiens’
which shows the symptoms of the beginning of abortion but
still representing an intact pregnancy. It is only the ‘abortus (in)
completus’ which terminates a pregnancy. The forensic pathologist has to focus their attention in order not to overlook spontaneous abortions which may also originate from infections
during early pregnancy, intra-uterine masses caused by preexisting tumours, endocrine and immunological factors, chromosomal aberrations or fetal congenital abnormalities and
which may possibly wrongly incriminate the pregnant woman
iatrogenically. All these abortions may also gain forensic relevance due to complications caused by haemorrhages which
may be more or less intense. If an abortion develops and
becomes febrile, this may raise the danger of endotoxic shock
by Gram-negative bacteria or anaerobes leading to a possibly
fatal outcome. In the case where a forensic expert witness report
is required, this has to be based on the specific findings gained
from a thorough gynaecological examination. Any septic abortion is always very suspicious for having been initiated in a
criminal way. Until the ban on legal abortions was lifted (1974
in Western Germany), the septic abortion was one of the main
factors responsible for maternal mortality.
Following an abortion, the histological appearance of the
uterine mucosa shows acute endometritis with the remains of
the decidua and placental tissue present. Endometritis can be
caused by a number of different noxae to which the reaction of
the endometrium is not similar in all cases. There may be
inflammatory infiltration with granulocytes within the stroma
and the epithelium of the glands causing necroses and haemorrhages. Histological examination should focus on abnormalities of the villous structure which may represent indications of
constitutional disturbance and therefore spontaneous abortion.
In numerous cases, an analysis of the tissue structures enables
a conclusion to be drawn regarding the genesis of the abortion
(Figs 27.3 and 27.4).

Illegal (criminal) abortion
According to its definition, the term ‘illegal abortion’ means the
prohibited termination of a pregnancy in violation of the legal
regulations in force. In countries with appropriate legislation
comprising termination based on certain specified periods of
time, the ‘illegal abortion’ is mostly a matter of history.
An incomplete (double-timed) abortion during the first 3
months of pregnancy is always suspicious for being the result
of a criminal intervention; also all abortions followed by fever,
and in special cases it commences with fever with the uterus
still being inactive (closed cervical os). The behaviour of the
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Figure 27.3 Abortion showing placental villi with typical
trophoblastic epithelium and stroma vessels containing
nucleated erythrocytes (arrows) (H&E, 20×).
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internal lesions due to the use of certain instruments is strongly
indicative of criminal abortion attempts. Such injuries especially include perforations of the posterior fornix or of the
posterior wall of the cervix uteri, respectively, due to the physiological anteflexion of the uterus. Localisations of injuries more
to the right or left side of the body of the pregnant woman
concerned may be indicative of self-attempted abortion or
abortion by a third hand. In the case of right-handedness of a
woman attempting abortion, injuries may be expected to be
located more frequently on the left hand side of the body,
whereas in cases of abortion by a third person injuries are more
often seen on the right-hand side.
It should be mentioned that the group of people who were
formerly criminal abortionists comprised medical doctors (frequently suffering from addictions), midwives and also medical
laypersons who were driven by different motives, but mostly
offered their ‘services’ for money. The case example highlights
these circumstances.
Case example
In a regional hospital, a surgeon who also used to perform gynaecological operations during his former occupation as a surgeon
also carried out initiation of abortions during the late period of
pregnancy by opening the amniotic sac. This was done by him
for commercial reasons only. The medical superintendent of the
gynaecological department continued the treatment of complicated cases always knowing about that these abortions had been
initiated by his colleague. However, it was impossible for him to
report his colleague to the police as he himself carried the title
of a medical doctor he had not received legally, and the surgeon
also knew about this background. Therefore, both colleagues had
a case against the other. At one time, a pregnant woman collapsed suddenly while on a train following such an intervention
and had to receive emergency treatment. This was the moment
that all foul play came to light. The surgeon was sentenced to
prison and the medical superintendent had to change his place
of work.

Figure 27.4 Abortion showing endometrium with strongly
secretorily activated glands (Arias Stella phenomenon)
(H&E, 10×).

woman may also be indicative, if for example she refuses
medical help and assistance or if there is evidence of contradictive statements and findings.
However, due to numerous medical causes, an early termination of pregnancy must not be criminalised a priori. However,
the criminal abortion became so frequent during the 20th
century that almost no other (natural) causes have to be taken
into consideration.
The most frequent methods for illegal abortions have been
an often incomplete curettage of the pregnant uterus, injections
of fluids, mostly of soapy solutions, and also puncturing the
capsule of the ovum. These procedures are associated with a
number of severe complications such as perforation or inflammation of the uterus, peritonitis, injuries to other abdominal
organs as well as considerable haemorrhage. The presence of

From a morphological point of view, there is always the
requirement for histological examination of abortion or curettage material and also for the examination of the uterus in case
of death. There is a predominance of necrotic, purulent fibrinous inflammation of the decidua with haemorrhages and
thrombi. When there is regressively altered chorionic villi in
combination with conglomerates of trophoblasts (so-called
chorial migrating cells), these can be taken as strong proof for
uterine pregnancy.
The most usual mechanical and intra-uterine means for
abortion have been summarised by Jarosch (1975). One of the
most frequently applied methods identified is an injection of
solutions of different types.

Soapy abortion
This method was observed as one of the most frequent
procedures to provoke a criminal abortion via intra-uterine
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instillation of soap solution. Therefore, the associated morphology shall be presented in brief. However, these descriptions
might be of a more nostalgic value. Based on an examination
of 31 deaths following instillation of soapy solutions, Schwerd
(1959) has given a detailed description of the appropriate
examination procedure in such lethal cases.
Macroscopically, there may be local acid burns and histolog
ically differing depths of deep necroses of the endometrium and
myometrium, haemorrhage, dilated and thrombosed vessels
and also signs of inflammation. Evidence of fat is not regarded
as obligatory, but there are reports about the presence of fat
embolism following an injection of ointments containing fat.

with necroses, icterus and cholestasis with final development of
hypoxic tissue damage to the brain. All of these findings are
time dependent on the duration of the shock symptoms. Disturbances of the microcirculation within the adrenal glands
may result in extensive haemorrhages (e.g. Waterhouse–
Friderichsen syndrome). In the case of septic pyaemia, there
may be a transfer of germs resulting in metastatic pyaemic
abscesses most frequently seen in the kidneys but often
also seen in the liver. Macroscopic and histological examinations may therefore be well supported by bacteriological
investigations.

Gas (air) embolism
Internally active agents
Apart from agents particularly suitable to induce an abortion,
there is no knowledge about other abortives. If such agents as,
for example an administration of quinine, is successful, then it
has to be concluded that the substance was given at a rather
high dosage also resulting in toxic effects for the pregnant
woman herself.

Causes of death due to illegal abortion
Sepsis and endotoxic shock
Most of such causes due to illegal abortions originate from
infections by Gram-negative and anaerobic germs. These enter
the body and may cause disturbances of blood coagulation,
inflammatory reactions and disturbances of the complement
system in the case of an inadequate state of the immune system
in general. There may be a loss of pro- and anticoagulatory
functions of the endothelium, resulting in a preponderance of
prothrombotic activity and following disseminated intravasal
blood coagulation. However, this development leads to loss of
coagulation factors so the clinical picture is accompanied and
dominated by multiple haemorrhages.
The systemic damage results in multiorgan failure from
vasodilatation, exudation of plasma and disseminated coagulation. Microthrombi may become (microscopically) visible in
the vascular areas of the venules, capillaries and arterioles; furthermore, there may be necrosis due to reduced perfusion,
ischaemia and exudation of protein-rich fluids with the latter
becoming visible from reduced organ weights. Manifestations
of shock in the organs can be evaluated anywhere on a macroscopic and microscopic level: the full appearance of shock lungs
(i.e. acute respiratory distress syndrome) may also be characterised by the presence of pulmonary hyaline membranes. The
heart may show subendocardial haemorrhages and lytic reactions to the myocardium. Shock kidneys in a state of oliguria
and anuria may appear swollen and tubular necroses may
develop which can turn to bilateral necroses of the renal cortex
in extreme cases (e.g. the Shwartzman reaction); ischaemic
damage to the walls of the intestines may cause a type of peregrinating peritonitis. A swollen and fatty liver may present

Fatal air embolism requires about 120 cm3 minimum of embolised gas volume. Gas embolism usually becomes apparent with
a certain temporal delay and in most cases following a change
of the position of the patient after surgical intervention.
Case example
When a 25-year-old woman had no menstruation for 2 months,
her husband contacted a ‘foreign’ woman to come along to their
home. There, she tried to induce abortion by use of a balloon
filled with water. Following the instillation of the fluid, the wife
suffered from nausea and vomiting. Shortly after the pregnant
woman had got up from her bed, she collapsed suddenly and was
found dead. The cause of death was air embolism. The fatal
amount of air originated from the balloon which had not been
completely filled with water.

Gas embolism may often be diagnosed macroscopically
from a largely dilated and bloated right ventricle and gas
bubbles are found within the coronary arteries. The amount of
gas present has to be measured by appropriate techniques. At
the same time, a gas sample has to be retained for the purposes
of gas analysis so as to be able to check the composition of
the gas. However, the production of gases by autolysis
should be kept in mind as it might be responsible for superimpositions and artefacts, respectively, making an assessment
more difficult.
In general, the diagnosis of air (gas) embolism can be made
macroscopically. The blood in the vena cava, in the right ventricle and the pulmonary trunk vessels appears frothy. Under
certain conditions, the amouns of gas may be embolised in
a reverse way or paradoxically. The brain areas which have been
damaged by ischaemia may show all possible transitional
findings between fresh necroses and neuronophagy. The histological examination for embolised air should only be carried
out by well-trained and experienced specialists. First observations reported by Adebahr (1955, 1960) showed optically empty
vesicles surrounded by aggregations consisting of nucleated
blood cells and thrombocytes originating from a swirl of
embolised gases in the circulating blood, a fact that has since
been confirmed experimentally.
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27.3.2 Death during birth
Haemorrhage/exsanguination
Extensive bleeding is the most dangerous and substantial complication of giving birth. The reasons for this are manifold and
ruptures of the uterine myometrium should also be noticed
(for bleeding see Section 27.3.3).

Amniotic embolism
Ruptures within the placenta during intense labour may cause
components of the amniotic fluid such as squamous epithelium, vernix caseosa or meconium to enter the uterine vessels
resulting in fatal embolism. Evidence can only be found by
microscopic examination and requires certain experience.
Amniotic embolism is an exceptionally rare event, but is associated with high maternal (80%) and infantile lethality (40%).
Multiparity is regarded as a predisposing factor. The clinical
symptomatology is biphasic and initially respiratory insufficiency occurs being replaced by consumptive coagulopathy
after several hours, with microthromboses from fibrin and
platelet aggregates in the peripheral vascular system as its morphological equivalent. In the case of causal ruptures within the
placenta, it is thromboplastin originating from tissues that is
initiating coagulopathy. Consumption of coagulation factors
and thrombocytes leads to haemorrhagic diathesis predominating the macroscopic picture.

27.3.3 Death in childbed
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in hypovolaemic shock. In retrospect therefore it is incomprehensible that in some cases of fatal exsanguination following
child birth, an estimation of the lost blood volume has caused
major problems and is often even forgotten. Measures and
figures do not only have their appropriate place in pathology
but also in clinical medicine, as the practice of measuring and
weighing is easy. So it is a rather regular but incomprehensible
observation that cloths or gauze bandages are not weighed or
even that continuous measurement of the shock index is not
done. Once the regulative systems of the body are not functioning due to long periods of lack of oxygen, even massive blood
transfusions cannot resolve the problem. Therefore, the levels
of haemoglobin and haematocrit cannot be considered to represent appropriate evidence regarding the use of a sufficient and
expeditious blood substitute.
During the first half of pregnancy, the following pathological
haemorrhages have to be considered: abortion and extrauterine gravidity. During its second half, consider placenta
previa and early removal of the placenta. During labour, according to Pschyrembel (1962, 1994), haemorrhages can be associated with certain phases of birth. At the first stage of labour, it
could be placenta previa, deep insertion of the placenta, early
removal of the placenta or rupture of the uterus. During the
expulsion period, rupture of the uterus, bleeding from tears,
perineal and vaginal ruptures and an insertion velamentosa
have to be taken into account, and also atonic afterbleeding
during the third stage of labour (Fig. 27.5).
The morphology of exsanguination is undisputed. There can
be a predominance of pallor of the skin, visible and internal
mucosae of the internal organs, especially affecting the kidneys,
thyroid gland, liver and intestines. Centralisation of the blood

Endometritis postpartum
Retention of placental or decidual tissues following childbirth
regularly results in endometritis, mostly combined with haemorrhages. Postpartum, in most cases, endometritis shows remnants of the placenta, decidua or egg membrane which always
present with inflammatory or necrotic infiltrates. Also parts of
the myometrium may demonstrate inflammatory interstitial
infiltrates, and often also chorial cells which are the remnants
of the chorial invasion. Haemorrhages are the consequence of
alterations of the vascular walls showing hyaline degeneration
and destruction of elastic fibres.

1.822mm

Haemorrhage/exsanguination
Among deaths during and following pregnancy, bleeding to
death plays the most dominant role. Blood loss during birth
or following giving birth is acceptable within certain narrow
limits. But these are narrow restrictions and therefore Pschyrembel (1962, 1994) recommends that all losses exceeding
500 mL have to be replaced. This means substitution of the
volume lost, but replacement specifically by blood should be
carried out as soon as possible. Blood loss of over 40% results

1.409mm

Figure 27.5 Postpartum atony of the uterus showing the
endomyometrium border with stroma vessels extremely dilated
(H&E, 2.5×).
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circulation only slowly results in exsanguination pallor of the
lungs, brain and myocardium. Instead of this, there may be
areal or stripy subendocardial haemorrhages especially within
the subaortal outflow region of the left ventricle. It is not appropriate to draw the reverse conclusion, namely that subendocardial haemorrhages represent a proof of exsanguination as such
bleedings can also be observed in cases of hanging, gunshot
wounds, rare poisonings or a state of shock due to other reasons.
Cerebral oedema can be found regularly. Postmortem lividity
is absent or only sparse (postmortem lividity represents a
certain sign of death and its absence is a valuable diagnostic
criterium for blood loss). Each single feature alone cannot be
considered to be a proof of exsanguination. The diagnosis of
‘bleeding to death’ results from the summation of several of the
findings mentioned. Depending on the actual source of bleeding, this may concern an internal haemorrhage, as for example
intraperitoneal in the case of ruptured extra-uterine pregnancy
or intra-uterine in the case of atonic bleeding (including evidence of the whole lost blood volume or part of it) or it may
also concern an external haemorrhage (e.g. atonic bleeding).

Thrombosis/thromboembolism
The obligatory precondition for fatal pulmonary artery embolism is thrombosis within a venous blood vessel (mostly, the
pelvic veins and/or the veins of the lower extremities are the
sources of the emboli). The causal chain is reflected by Virchow’s triad (hypercoagulability, haemodynamic changes and
endothelial dysfunction). The embolus is spread via the blood
stream to the target area. There can be a morphological differentiation between the precipitated thrombus due to a
damaged endothelium with growth by apposition into the
lumen of the vessel (the picture of a so-called mixed thrombus).
The other type is the agglutinative thrombus regularly obliterating the vessel, preferably originating from stasis and stagnation, respectively, of the blood stream within a certain vascular
region. Initially, it is moist and elastic but then with ageing
due to sintering a structure is created comprising a fine fibrin
network with embedded erythrocytes. From the fifth day on,
growth of capillaries and fibroblasts can be seen ‘organising’ the
thrombus and causing degradation using proteolytic enzymes
and finally its gradual recanalisation.
Once whole thrombi or parts of them are embolised into the
vascular area of the lungs, this may result in occlusion of the
main and smaller lung arteries under the clinical picture of
fulminant pulmonary embolism. Occlusion of segmental arteries may develop clinically inapparently, but may cause haemorrhagic pulmonary infarctions due to an increased blood
pressure in the pulmonary circulation. The embolised thrombotic material is relatively dry, riffled at its surface and also
rather fragile. Confusing real emboli with elastic wet postmortem thrombi (cruor or buffy coat thrombi) is mostly due to a
lack of experience. Older emboli can also be partly adherent to
the wall.

27.4 Maternal death indirectly due
to gestation
Among a total of 17 investigated deaths indirectly due to gestation (Lignitz and Förster 1991), the following were mainly
found: pulmonary diseases, inflammatory renal diseases, haema
tological illnesses and alterations of the cardiovascular system.
Single cases furthermore showed spinal muscular dystrophy,
diabetic coma, thromboses and aneurysmic haemorrhages.

27.5 Iatrogenic maternal death
Case example
This case illustrates the combination of an acute postnatal complication – blood loss (without transfusion of provided blood) –
with a pre-existing disease, namely myocarditis. A 19-year-old
daintily built woman was diagnosed pregnant with twins. Due to
this and also because of a permanently imminent premature
delivery, she was hospitalised 6 weeks prior to date as a high
risk pregnancy. Early birth was attempted to be avoided by
administering 29 toxolytic infusions, and tachycardia resulting
from this medication as a side effect had to be treated. Known
anaemia was treated only insufficiently. Finally, the pregnant
woman faced forceps delivery due to a fetal indication with only
60% of the regular haemoglobin level. Delivery was accompanied by a loss of 450 mL of blood (notably the lost volume was
only estimated but not measured). Several hours later, she again
lost blood (600 mL, again only estimated) due to atonic afterbleeding, so that she was given permanent infusions. When the
ordered conserved blood arrived, the doctor in charge was not
informed (another noteable organisational fault). The woman
died without having received blood. During resuscitation, she
sustained a rupture of her liver and around 900 mL of blood were
later discovered in her abdomen. A postmortem revealed all the
typical signs of anaemia due to blood loss, and histological examination showed considerable myocarditis. Several doctors had
been involved in the treatment of this woman. A board of experts
labelled this as an ‘avoidable death case’, with this statement
only referring to the sustained blood loss and the omitted blood
transfusion as the main factors causing death. This judgment did
not take into account the diagnosed myocarditis and the enormous preceding load to the circulatory system resulting from
the toxolytic medication. The procurator fiscal only brought up
a charge against the doctor who had finally been involved in the
treatment (duration of treatment 3 hours). She had neither been
involved in the prenatal treatment of the patient nor had she
been in charge of the delivery itself. Based on the clinical and
laboratory data, the forensic medical expert raised doubts about
the blood loss having been the only cause for the death of this
pregnant woman, meaning that, according to the criteria of the
expert board, this death case should only have been classified
as ‘conditionally avoidable’. Subsequently, the female doctor was
granted a full discharge by the courts over three instances.

In investigated material originating from Berlin (n = 113) covering mortality around childbirth, each eleventh maternal
death case could have been avoided based on the assessments
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by the expert commission. This means that a lack of diagnostics, within therapy or care and organisational particularities
had been found responsible for fatal outcomes. Due to multiple
various patterns regarding individual assessments, all iatrogenic faults had to be reclassified and are presented in Box 27.1.

Box 27.1 Iatrogenic damage associated with peripartum
maternal deaths in East Berlin from 1969 to 1987 according to
assessments carried out by the Commission for the Reduction
of Maternal Mortality (after reclassification).
Exsanguination (11 cases)
• 4 misjudgments of a rupture
• 2 wrong evaluations of blood loss
• 1 misjudgment of a state of shock
• 1 delayed surgical intervention (operation)
• 1 delayed transfusion and surgical intervention (operation)
• 2 insufficient blood substitutes following caesarean section
(1 in combination with early removal of the placenta and
coagulopathy)
Infections (sepsis, peritonitis; 12 cases)
• 1 neglect of fever
• 2 cases of no or insufficient antibiotic treatment
• 1 surgical intervention (operation) by an incompetent doctor,
unrecognised sepsis
• 1 wrong diagnosis
• 4 following caesarean section (dehiscence of sutures, inadequate aftercare)
• 2 after tubal pregnancy (1 unrecognised, 1 septic shock follow
ing iatrogenic perforation of the rectum during operation)
• 1 following speculum delivery and unrecognised cervical
rupture
Embolism (8 cases)
• 1 improper assessment of the placenta during home delivery
• 1 wrong diagnosis
• 1 wrong diagnosis associated with delivery of twins
• 2 lacking anticoagulant therapy with severe varicosis and
phlebitis
• 2 lack of antithrombotic prophylaxis following surgical
interventions
• 1 after unnoticed symptoms of embolism associated with
pregnancy advice
Gestosis (3 cases)
• 2 misjudgments of symptoms of gestosis during pregnancy
• 1 misjudgment of eclampsia due to incomplete monitoring of
delivery
Hepatic dystrophy (1 case)
• Undiagnosed hepatitis in pregnancy
Incident during anaesthesia (1 case)
• Incident due to undiagnosed goitre
Diabetic coma (1 case)
• Delayed hospitalisation with pathological blood sugar levels
Suicide (1 case)
• Fall from height (window) with known gestational psychosis
following discharge according to the patient’s wish
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27.6 Maternal death not
due to gestation
Eighteen deaths of this type were observed in East Berlin
between 1969 and 1987, nine of whom were suicides and one
a homicide. The remaining cases comprised ulcerative colitis,
appendicitis, chronic hepatitis, carcinoma of the stomach, and
also three cases of cerebral haemorrhages (plexus papilloma,
haemangioma and angiomatosis). No accidents were found.
Most of the suicides happened during the time prior to the
introduction of the law about legal abortions.
Suicides may harm the embryo according to the method
used, by a lack of oxygen or direct toxic effects. In case of homicides and accidents, possibly direct traumatic consequences to
the fetus must be noted.
Blunt force impacts towards the abdomen as, for example,
in the case of road traffic accidents, punches or kicks, may result
in removal of the placenta or retroplacental haematoma with
subsequent necrosis of the embryo and life-threatening haemorrhages. In road traffic collisions, the abdominal part of the
safety belt alone may cause trauma to the pregnant uterus
without any external injuries being visible, but absolutely
causing fatal effects for the embryo.

Useful websites
Bürgerliches Gesetzbuch Familienrecht, www.buergerliches-gesetz
buch.info/bgb/160d.html.
Wikipedia entry, http://de.wikipedia.org/wiki/Frühgeburt.
Wikipedia entry, http://de.wikipedia.org/wiki/Schwangerschaftsab
bruch.
(All last accessed 26 April 2013.)
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Auto-Erotic Death

Gerhard Kernbach-Wighton and Burkhard Madea

28.1 General aspects
It is well known in the field of forensic medicine that most
auto-sexual activities take place hidden from the public and in
concealed locations. The first reports about death in connection
with auto-erotic activities date back to around 1900 in the
German literature. However, it is still important for doctors to
be aware of this situation, as many of them have been mislabelled suicide or even homicide by the investigative authorities
as some authors have described such fatal cases as ‘accidental
hanging with a sexual background’. The individuals concerned
are mostly discovered in locked-up rooms. It is also the experience from death investigations that there is usually no knowledge among the next of kin about such sexual preferences. In
most cases, it is the scene of death itself with its particular
characteristics which is most indicative.
Mostly, the individuals involved are men originating from
all age groups and professional backgrounds, but usually
beyond adolescence and middle age. The phenomenon is
almost unknown in women. Auto-erotic deaths represent fatal
accidents (‘operational accidents’) which occur as a direct consequence of the auto-erotic activities of single individuals being
used for sexual stimulation and masturbation without a sexual
partner. Under such circumstances, sexual stimulation is provoked and increased by central nervous system stimulation as
a consequence of a depression of the cortical controlling functions (e.g. lack of oxygen, narcotics) or the peripheral stimuli
especially to the erogenous zones (e.g. mechanically or by electricity). The sexually stimulating effects of hypoxia in connection with strangulation are well known, as is the use of plastic
bags for oro-nasal occlusion, but the actual mechanism has not
yet been clarified. Sometimes, the individuals concerned also
aim to achieve a situation of personal fear and pain (masoHandbook of Forensic Medicine, First Edition. Edited by Burkhard Madea.
© 2014 John Wiley & Sons, Ltd. Published 2014 by John Wiley & Sons, Ltd.

chism). Essentially, erotic fantasies are deliberately induced by
partial cerebral ischaemia, mostly achieved by some form of
hypoxia or pressure on the neck.

28.2 Categorisation of death cases
Death by strangulation represent the most frequent type, and
this occurs partly with self-restraints (Fig. 28.1). Behrendt and
Modvig (1995) have highlighted three main criteria of autoerotic deaths:
• Clarity of the event.
• Absence of other people.
• Death caused by a mechanism aiming at sexual satisfaction
(‘lethal paraphilia’).
Typical scenes of death can be described as follows:
• Typically, the individual involved is discovered in a room
that is locked internally, only rarely from outside the
premises.
• The individual is often found undressed with the genitalia
exposed or wearing female underwear or special clothes
made from rubber or leather (fetishism). Sometimes, signs
of ejaculation or condoms to collect the sperm can be seen.
• Often there is pornographic literature, images and videos,
sometimes mirrors or photographic or video equipment.
Once sexual gratification is achieved, the person returns to
normality by release of the restricting apparatus, but occasionally the device malfunctions and death ensues. Hypoxia may be
induced by masks, pads on the face or envelopment in plastic,
but self-suspension or semi-strangulation is the most common
mode; narcotics can also be involved. Ligatures and other items
used for restraints should always be documented in detail to
help in the reconstruction of events.
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(a)

28.3 Possible mechanisms of death
The body itself may exhibit signs of sexual stimulation and
usually also represent the mechanism or the trauma leading to
death. The following ‘methods’ are most frequently observed:
• Strangulation: the deceased is found in a situation of suspension, often by a ligature, in a hanging, sitting or even
standing position. Death represents the unsuccessful attempt
to reach sexual satisfaction by ‘dosed hanging’. However, the
individual lost control due to increasing hypoxia. Cases of
self-strangulation outwith hanging are rarely found.
• Asphyxia: covering the respiratory orifices (i.e. the nose and
mouth) with a plastic bag, sometimes additionally fixed with
adhesive tape, resulting in a lack of oxygen and an increase
in carbon dioxide. An additional use of volatile substances
which are inhaled may be observed (e.g. acetone, alcohols,
petrol, ether, chloroform, halogenated hydrocarbons) so that
acute toxicity has also to be considered as a cause of death
(chromatographic detection from organ parts and especially
the lungs to be retained in head-space vials).
• Positional restraints (death in an abnormal body position):
this group of cases can often be found associated with autoerotic activities. The position the deceased is found in and
the death scene may give an indication that the posture may
have been responsible for death due to pathophysiological
and other functional alterations. It is not rare that the postmortem examination does not reveal a pathomorphologically definable cause of death so that the latter has to be
deduced from the body position alone. Characteristic constellations at a death scene comprise positional asphyxia,

(b)

Figure 28.1 A 39-year-old
male showing multiple
restraints following
auto-erotic activity. (a)
Frontal view. (b) View of the
back with intense
strangulation of the neck.

head-down position and crucifixion, amongst others. The
death mechanism ‘positional asphyxia’ has to be taken into
consideration if the deceased is found in such a body position that might offer a plausible explanation for mechanical
restrictions of the respiratory and the cardiopulmonary
function at the same time – another cause of death can be
excluded (e.g. acute toxicity).
• Death by electricity: a fatal current flow can be caused by
electric cables fixed to the genitalia, anus or nipples. The
devices used may be simple or sometimes very complex.
• Death by mechanical injuries: lesions such as stab wounds
are rare. However, the possibility of internal injuries (e.g.
perforation of the intestines caused by insertion of items
into the rectum or urinary bladder) should always be
considered.
Following a variety of sexual fantasies, numerous types of
auto-erotic activities can be found. All permutations of perverse behaviour may be seen in association with these deaths,
but in most cases, they must be regarded as accidents, even
though in a minority, it seems that the victim must have anticipated a fatal outcome. Therefore, an auto-erotic death represents an unnatural death which means that the next of kin
cannot usually rely on private accident insurance.

28.4 Typical injuries to male
genitalia and special cases
Injuries to the male genitalia can also result from a special
variant of auto-sexual activity, namely from so-called ‘kobold
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injuries’. They may even result from using the suction device of
a vacuum cleaner from the German brand ‘Kobold’ to insert
the penis into the pipe of a vacuum cleaner. As a consequence
of auto-erotic activities, items being used for rectal masturbation and inserted into the anal orifice can cause injuries to the
intestinal wall or may get lost within the rectal cavity. Such
items getting lost in the rectum (such as bottles, light bulbs and
candles) have therefore to be removed by surgical procedure.
There have also been reported cases in which individuals have
committed suicide who could not get help from a medical
doctor due to a deep feeling of shame. It was only at autopsy
that foreign bodies were discovered and with them also the
motivation for suicide.
Five case reports have been published on accidental autoerotic deaths caused by volatile substances with further questioning for possible non-sexually motivated accidents (Musshoff
et al. 2006). In contrast to typical auto-erotic fatalities with
death being caused by asphyxia mostly originating from
mechanical compression of the neck, atypical auto-erotic accidental deaths may involve sexual self-stimulation by for example
electrocution or inhalation of volatile substances. It is especially
in cases of lethal volatile substance abuse that differentiation
between suicide or a (non-)sexually motivated accident may
result in major problems. Head-space solid–phase microextraction (HS-SPME) and gas chromatography–mass spectrometry
(GC/MS) would have to be used in such cases. The substances
found comprised among others chloroform, toluene, O-xylene,
M-xylene and P-xylene, propane/butane and brake cleaner containing a wide range of different volatile substances. Analysis of
volatile substances can be very complicated should no headspace sampling be performed at autopsy. Two cases were diagnosed as atypical auto-erotic accidental deaths based on the
findings at the scene of death and a discussion of reconstruction and circumstances of death. The importance of considering volatile substance abuse in atypical auto-erotic asphyxia
always has to be highlighted. Therefore, in cases of suspected
lethal inhalative toxicity, head-space sampling should always be
performed at autopsy and an auto-erotic motivational background should be taken into consideration for differential diagnostic purposes.
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Death in Abnormal Positions:
Physical Restraint

John C. Hunsaker III

29.1 Custody and restraint death
The investigation of human deaths in custody – sudden or not,
and involving law enforcement or other officials – requires a
meticulous, comprehensive modus operandi by the medicolegal investigative agency. The purpose of this chapter is to
address the narrower topic of in-custody sudden deaths of individuals who are either undergoing attempted restraint or
subdual, or have been subdued, and who die during subdual or
over a brief (minutes to an hour) period after the encounter.
The focus of this discussion addresses sudden death during
restraint due to an abnormal body position, catalogued by most
experts as ‘restraint asphyxia’. Whether prolonged or instantaneous, the tactics employed to subdue a violent subject are
contained in the use-of-force continuum (US Department of
Justice 2011), as shown in Fig. 29.1. Options range from mere
presence and words to lethal modalities, such as firearms.
During an encounter, use of the various means of control may
escalate and overlap. Commonly, one option involves physical
force to place a resisting subject in various positions to gain
control. In deaths during or from subdual, the cause of death
is nearly always multifactorial (Aiken et al. 2011).
Most law enforcement agencies and government-sanctioned
caregivers have policies that guide their use of force. These policies describe an escalating series of actions an officer may take
to resolve a situation. This continuum generally has many
levels, and officers are instructed to respond with a level of force
appropriate to the situation at hand, acknowledging that the
officer may move or skip from one part of the continuum to
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another in a matter of seconds. It is precisely because of the
multifactorial dynamics of these encounters that sorting out a
single causal factor producing a lethal outcome is not often
feasible in view of the current state of knowledge about the
extrinsic and intrinsic components that have potential to cause
death.
Sudden in-custody death (Robinson and Hunt 2005), initially employed in the 1980s to describe unexplained deaths
with police involvement, revolves around the control methods,
force equipment and the types of restraint employed by
responding personnel to control the resisting person. Police and
detention officers by law have legitimate authority to use reasonable force to effect an arrest, to overcome unlawful resistance, in self-defence, to prevent a crime, to protect a third party,
to protect the person from harming him or herself and for the
provision of medical assistance. Medical care personnel likewise
have a legitimate need and interest in using physical control
methods and equipment to control and restrain a combative
patient for medical intervention and safety purposes.
Restraint asphyxia is a concept used by forensic pathologists
to characterise a death in which many factors (Dettmeyer et al.
2009) in various combinations are deemed to have played a
role: prone restraint; behavioural disturbances with psychosis
and aggression; use of illicit and prescription drugs; pre-existing
cardiac, respiratory and debilitating diseases; and electrical and
chemical restraints. Sudden death may be due to multiple contributing factors. In many cases, however, a specific or single
proximate cause of death is not identified with reasonable
medical probability (or, in some jurisdictions, reasonable
medical certainty).
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Use of force continuum

Level five

Deadly force

Firearms and strike
to vital areas

Level four

Hard techniques

Strikes and takedowns

Level three

Soft techniques

Occupational come
alongs and wrist locks

Level two

Verbal commands

Clear and deliberate

Level one

Officer presence

Physical appearance
Professional bearing

Figure 29.1 Diagram of one of many use-of-force continuums.

The events invariably involve the actions of either official
custodians (e.g. medical or mental health personnel) or various
law enforcement officers (hereafter, police), and are characterised by varying degrees of physical violence. Subjects requiring
restraint characteristically exhibit abnormal behaviour, attributable to mental disturbance or drugs. Subdual techniques may
cause harm to the subject, bystanders and arresting police. Specifically, this discussion examines policies and procedures,
medical issues and investigatory aspects of sudden in-custody
restraint deaths (SIRD). Ross and Chan (2006) provide a thorough review of SIRD.
The primary purpose of the medicolegal investigation is to
determine independently the cause and manner of death, typically to a reasonable degree of medical and investigative probability. As captain of the ship, the forensic pathologist oversees
a multidisciplinary approach to answer these key questions and
may consult experts in death investigation: toxicology; pharmacology; other medical specialties such as emergency medicine,
cardiology, neuropathology, neurology or psychiatry; electrophysiology; and biomechanics.
Luke and Reay (1992) refer to the ‘slippery slope’ underscoring the pitfalls of classifying in-custody deaths by the forensic
pathologist. Commonly, pathological findings are scant. The
most thorough and complete autopsy with ancillary laboratory
studies most frequently yields findings that are insufficient to
account for death. Asphyxia from any cause is a mechanism of
death and denotes corporeal lack of oxygen (O2) and increase
of carbon dioxide (CO2). Asphyxia results from many varied
circumstances, and terminal asphyxia is the end point in all
causes of death. Death is attributed to asphyxia only when it is
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a direct cause, not an effect of death. If the mechanism of death
is attributable to asphyxia, the forensic pathologist must accept
two fundamental truths:
• No findings at autopsy are diagnostic of the mechanism.
• Findings commonly present in asphyxia are seen in other
medical conditions (Ely and Hirsch 2000).
Many of the classic signs attributed to asphyxia (e.g. cyanosis, plethora, visceral hyperaemia, fluidity of blood, cutaneous,
conjunctival, mucosal and serosal petechiae, pulmonary and
cerebral oedema), however, are not only non-specific and
extremely variable, but may be absent at autopsy. In such cases,
the diagnosis critically rests on extensive evaluation of the circumstances, history, scene investigation, reconstruction of terminal events, a heightened understanding of pathophysiology
and exclusion of other factors. Evidence-based criteria suitable
for forensic applications are generally equivocal or non-existent.
Generalisations as to the time necessary for an individual to
asphyxiate may not be possible in a specific scenario. Underlying factors such as the presence of stimulant or depressant
drugs, the physiological condition of the victim (e.g. stressrelated elevation of catecholamines) and the individual’s underlying age and health must be correlated with findings upon full
autopsy. Appropriately selected consultants greatly advance
the solution to the puzzle when physical findings are noncontributory. Collegial consultation should be sought regularly.
Comments to the media and next of kin should be circumspect
and accurate, even in cases where a most comprehensive investigation yields no reasonable explanation. The uninitiated, certainly the media and public, fall victim to the post hoc logical
fallacy with the assertion that the cause of death was due to
some form of restraint because death occurred during or after
restraint. A rush to judgment about certification of cause and
manner of death after restraint is fraught with peril.
Even though the prevalence and incidence of SIRD globally
are not tabulated, such death investigations are not uncommon
among forensic pathologists around the world. Deaths proximate to restraint in health care settings were surveyed in the
UK in 2003 (Paterson et al. 2003). Jurisdictions like California
in the USA have gathered data on in-custody deaths generally
for over 30 years. The most comprehensive compilation of data
in the USA has been reported only since 2003 by the Department of Justice (DOJ), Bureau of Justice Statistics. A recent
survey (Burch 2011) indicates that law enforcement agencies
throughout the USA reported 4813 deaths attributable to the
Arrest-Related Deaths programme from January 2003 to
December 2009. Such deaths include more than those attributable to struggle during subdual, and are limited to policerelated events (‘died during or shortly after law enforcement
personnel attempted to arrest or restrain them’). Ho (2005), a
close observer of data on deaths in custody, narrowed the broad
categorisations of the DOJ statistics as of 2005, retrospectively
summarising media reports. He indicated multiple factors
during subdual that contributed to death in the absence of
mechanical trauma. In a slightly different context, Ross (2005)
evaluated 43 reports on police use of force from 1968 to 2003:
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two-thirds indicated that a high proportion of resisters were
either chemically or mentally impaired when subjected to physical force or implements.
Subjects aggressively resist restraint for various reasons:
avoidance of incarceration, substance abuse, delusion or confusion. The instinct to fight is typical and, if driven by drugs, is
accompanied by herculean strength. DiMaio and DiMaio
(2006) argue that excited delirium underlies such behaviours
in many encounters. This may be considered an ‘intrinsic factor’
associated with SIRD (O’Halloran and Lewman 1993; Gill
2008; Nova Scotia Department of Justice 2009; Samuel et al.
2009; Vilke et al. 2011).
In order to determine most accurately the cause of death in
the case of attempted or successful subdual (restraint) of a
delirious frenzied adult, it is necessary to analyse punctiliously
the step-by-step freeze-frame sequence of events and actions
immediately preceding and during the attempts to gain control
of the resistor, designated the ‘situational template’ by Luke and
Reay (1992). The forensic pathologist needs to be explicit in
explaining the requisite kind of data to the case investigators.
This should include a punctilious account by participants and
uninvolved eyewitnesses of such attempts to subdue, control
and arrest the resistor up to the time of apparent or actual
cardiorespiratory arrest, and during the interval immediately
thereafter. An appealing scheme is to conceptualise the investigation of in-custody deaths into stages:
1. Pre-custody (period prior to physical contact by the
subduer).
2. Pre-incarceration (time from direct or indirect physical
contact until subject is under control).
3. Incarceration (transfer of custody to another agency,
whether medical or penal).
Most SIRD encompass stages 1 and 2.
In addition to findings at autopsy, including laboratory
studies, the best approach in making such a determination is to
conduct a re-enactment of events of all individuals interacting
with the deceased within the relevant time frame (O’Halloran
2004). Re-interviewing witnesses, prompt re-enactment of the
episode with the aid of photography and video, and reconstructing the sequence of events are necessary to sort the various
mechanisms, especially when autopsy provides no clear cause
of death. One option is to conduct a formal inquiry (e.g. a
coroner’s inquest in jurisdictions based on English law) which
should include taking sworn testimony and going to the site to
perform the re-enactment.

29.2 Extrinsic factors
29.2.1 Use of force options
Various extrinsic factors in attempted subdual not involving
direct physical contact are not considered in this discussion.
However, when they are relevant to a specific death investiga-

tion, they must be scrutinised. The following applications of
force may play either a sole or contributory role in death: chemical irritant agents such as pepper spray (oleoresin capsicum),
tear gas/mace (aerosolised 2-chlorobenzalmalononitrile), electronic incapacitation devices (stun guns, Taser; Vilke et al.
2011), explosive distraction devices and kinetic impact munitions (e.g. blunt impact projectiles such as rubber bullets,
bean bags and paintball guns). This analysis assesses restraint
asphyxia – a variation of positional asphyxia – involving compression of the neck or torso, and other forms of so-called
maximum physical restrain:
A functional central nervous system controls vital respiration, which is effected by three interrelated factors (Reay et al.
1992):
1. A patent airway connecting the lungs to the gaseous external environment.
2. Efficient gas exchange (O2 in, CO2 out) between alveoli and
alveolar mural capillaries.
3. Functional skeletal muscles of the thorax (diaphragmatic
and intercostal) and secondarily cervical and upper extremity that expand or contract the chest volume and thereby
create a ‘bellows apparatus’ facilitating the passage of gases
in and out of the body.
In the absence of mechanical trauma, techniques of restraint
that are potentially fatal (Brinkmann et al. 1981), either significantly obstruct the airway over at least several minutes, or
mechanically compromise breathing, or act in some combination of the two. Airway obstruction from neck holds may
obstruct the airway, but, primarily anecdotally, the more
common cause of death results from carotid artery compression. A body position or objects that block both mouth and
nose produce upper airway obstruction, while extreme hyperflexion at the neck may occlude the trachea (i.e. lower airway
obstruction). A body position or object(s) that impede or altogether prevent the mechanics of breathing is another modality
of restraint asphyxia. Either form may kill the restrained person.

29.2.2 Neck holds
Neck holds (Vilke 2006), commonly and incorrectly called
choke holds, in various applications may cause lethal asphyxia
by that form of restraint, rarely by airway constriction or by
carotid artery compression (Reay 1998).
Anatomically, the neck is a complex structure. In the context
of neck compression, the critical structures are the airway,
arteries and veins, bones (hyoid and cervical spine), nerves
(vagus, spinal cord), tongue and cartilages. The carotid bodies
gauge O2 and CO2 in blood and, with hypoxia, trigger an
increase in heart and respiratory rates. Carotid sinuses measure
blood pressure; with hypotension, these receptors may increase
cardiac output and cerebral blood flow via the autonomic
nervous system. Compression of the carotid artery may cause
stroke, and potentially death, particularly in the elderly, by
interruption of adequate blood flow to the brain (in spite of
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Figure 29.4 Carotid sleeper hold.

Figure 29.2 Mechanical restraint – constriction of the anterior
neck.

Figure 29.3 Bar hold.

the contribution from the vertebral arteries) or dislodgement
of atherosclerotic plaques that embolise. Compression of one
or both carotid sinuses may trigger either bradycardia or asystole. Vagus nerve stimulation slows the heartbeat.
In view of these potentially life-threatening hazards, Dick
and emergency medical specialists recommend use of the jaw
thrust airway manoeuvre, which hyperextends the neck by
using the hands on the jaws and is incapable of causing airway
occlusion or vagal stimulation (Dick 2003).
Various types of neck holds have been used by police during
attempted subdual, but most have fallen into desuetude because
of associated risks. The common ones are as follows:
• Mechanical hold: a device such as a baton is placed over the
anterior neck. The restrainer uses both hands to pull backwards, and may injure the airway and compress the carotid
arteries (Fig. 29.2).
• Bar hold (also known as the bar arm hold or choke hold):
This is similar to the mechanical hold, except that the ‘device’
is the restrainer’s forearm (Fig. 29.3).
• Carotid sleeper hold (called variously the sleeper hold,
carotid restraint or later vascular neck restraint): the forearm

Figure 29.5 Shoulder pin restraint.

of the restrainer is flexed at the antecubital fossa over the
anterior neck, designed to compress the carotid arteries, not
the airway (Fig. 29.4).
• Shoulder pin restraint: a variation of the carotid sleeper in
which one of the subject’s arms is hyperextended at the
shoulder and pinned against his neck, also designed to compress the carotids and spare the airway (Fig. 29.5).
Because the risk of injury or death from the carotid sleeper
is deemed by police to be less than the application of fists and
batons, this form of restraint is considered appropriate for
younger people. It requires 11 pounds per square inch (psi)
(7734 kgf/m2) of pressure to occlude the carotid arteries; if both
are firmly compressed by a neck hold, loss of consciousness
ensues in 10–15 s; 4.4 psi (3094 kgf/m2) of pressure occlude the
jugular veins, effectively compromising outflow of blood from
the brain and face (DiMaio and Dana 2007). The theory of
carotid sinus stimulation inducing bradycardia and asystole to
date has rested on a matter of exclusion (Kornblum 1986a,
1986b), as there is no anatomical expression at autopsy to
support this pathophysiology, and no reports of death (Reay
1998). Virtual absence of death related to carotid sinus
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(a)

(b)

Figure 29.6 (a) Hogtie prone restraint without pressure on the back. (b) Hogtie prone restraint with pressure to the lower back.

syndrome – even in the more susceptible elderly – strongly
militates against this mechanism in the younger population
(Mallet 2003).

29.2.3 Restraint asphyxia
Positional asphyxia is a long recognised mechanism of death
defined by a body position or entrapment that prevents respiration and, uncorrected after a few minutes of apnoea, causes
death. ‘Restraint asphyxia’, which has a more specific meaning,
was introduced in the early 1990s and has gained currency since
(O’Halloran and Lewman 1993).
Restraint, whether physical from components from one or
more human bodies (e.g. hand, feet, head, trunk) or mechanical
from application of an instrument, ranging from any kind of
conventional shackles (e.g. handcuffs) to straps, may impair
breathing non-trivially when the subject is prone (i.e. a consequence of forceful prone restraint). To conclude that restraint
asphyxia was causal in death, the forensic pathologist should
consider the following features:
1. The complete examination has excluded all other traumatic, chemical, environmental and natural factors.
2. The type of physical or mechanical restraint was of a duration and type accepted by dispassionate investigators to
interfere with the capacity to breathe.
3. The subject’s inability to extricate himself from the asphyxiating predicament has been explained (Belviso et al. 2003).
Most common reasons for such failure to extricate have been
summarised as follows: ‘Victims of positional asphyxia do not
extricate themselves from dangerous situations due to impairment of cognitive responses and coordination resulting from
intoxication, sedation, neurological diseases, loss of consciousness, physical impairment or physical restraints’ (Byard et al.
2008).

One form of restraint used by police is ‘hogtie restraint’
(hobble or maximal restraint) (Fig. 29.6), which has three
features:
1. Binding the wrists together behind the back.
2. Hobbling the subject by binding the ankles together.
3. Flexing the knees and tying the bound ankles to the bound
wrists.
Reay and co-workers initially investigated the effects on
respiration of subjects restrained in the hogtie position and
reported significant impairment on recovery (Reay et al. 1988).
Implicit in their conclusion is that prone position significantly
impairs diaphragmatic motion, thus disallowing the thoracic
volume to expand and the subject to ventilate. Typically, diaphragmatic motion is the sole driver of breathing by non-erect
healthy people – whether supine or prone – and only when
ventilation is impaired do the accessory muscles assist the diaphragm and intercostals as a means of increasing or decreasing
chest volume. In 1992, Reay and colleagues attributed by exclusion the death of three violent uncooperative agitated (from
drugs or mental illness) arrestees to positional asphyxia from
prone position in a police vehicle, as autopsy revealed no cause
of death (Reay et al. 1992). After Reay et al.’s inaugural report
in the forensic literature, various clinicians (Chan et al. 1998)
conducted clinical measurements (cardiorespiratory function
and recovery) on ‘healthy subjects’. Most of these studies use
healthy subjects (characterised as having a body mass index
<30 kg/m2, negative urine toxicology screen, with levels of exertion carefully chosen for safety, and who exhibit no stress of
fear or anger) under various conditions of restraint and position and concluded there was no significant pathophysiological
change, as claimed by Reay et al.. By 1997, such reports encapsulated the ongoing controversy whether restraint asphyxia in
its various forms either caused or contributed to death during
subdual. Many forensic and clinical studies have been undertaken since the mid-1990s to the present time. Researchers in
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Austria, also conducting clinical evaluations on volunteers,
reached conclusions diametrically opposed to those of Chan
et al. (1997) and Schmidt and Snowden (1999) by summarising
their results, as follows: ‘Hobble restraint in the prone position
leads to a dramatic impairment of hemodynamics and respiration. Upright position and frequent control of vital parameters
are necessary to prevent a possibly fatal outcome in people in
hobble restraint’ (Roeggla et al. 1997).
Within several years thereafter Chan et al. (2004) produced
other reports on restraint, body position (hogtie restraint, prone
maximal restraint) and application of weight to the back (25
and 50 lb (11.4 and 22.7 kg)) of a prone subject, respectively,
concluding that fatal asphyxiation does not occur under the
experimental conditions examined (Chan et al. 1998). In the
2004 laboratory study, weight was applied only to the upper
back, unlike many actual confrontations involving application
of significant force to the lower back. Chan, with Neuman
(2006) and others, more recently opine that the effect of the
hogtie position on ventilation is trivial: a 225 lb weight (102 kg)
on the back of a subject following vigorous exercise and then
hogtied prone does not constitute an asphyxiating restraint
(Michalewicz et al. 2007). Researchers from Austria examined
the effect of the placement of considerably lower weight (up to
25 kg (55 lb)) on the lower back of healthy subjects and
concluded that it does significantly compromise diameter of
and blood flow in the inferior vena, but not cardiac output
(Krauskopf et al. 2008). Neuman (2006) emerges as a strong
critic of Reay’s investigative reports. He debunks the methodology, statistical approach and conceptual presumptions about
the dynamics underlying the effects of exercise on gas exchange
and O2 consumption, and asserts that the laboratory experiments of his group establish that the hogtie position has no
significant untoward physiological consequences. He also questions whether heavy weight placed on the back of the prone
resister has been scientifically established to impair ventilation
significantly, just as the exercised-induced ‘metabolic acidosis’
theory (vigorous exercise→metabolic acidosis→restraintrelated ventilatory compromise→hypercarbia) is unproved. To
the consternation of critics, he proposes that these prone positions for restraint and transport are medically preferable, in that
they prevent aspiration and are not ‘physiologically disruptive’.
Critics of these self-proclaimed controlled clinical studies
claim that the laboratory experiments have no connection to
real-life situations involving frenzied individuals experiencing
attempted or completed subdual by police (Howard and Reay
1998). Reay, while acknowledging the value of controlled investigations and a sound understanding of respiratory pathophysiology, has consistently argued restraint deaths ‘on the street’ are
likely due to factors not measurable in the laboratory using
healthy volunteers. He is one of many forensic pathologists who
hold, given the current state of knowledge, it is not valid to state
that various means of restraint have no contribution to lethal
outcome (Reay and Howard 1999).
Only recently has it been recognised that other specialties
may have experiences antedating the current controversy, which
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have some bearing on the issue of prone position and effects
on ventilation. Surgeons and anesthesiologists regularly place
patients prone for various reasons for access to a posterior
surgical field. In recognition of the difficulty of allowing effective movement of the diaphragm, these specialists have developed specially designed tables and support apparatuses to
facilitate ventilation. Clearly, this situation, in which the unconscious patient is medicated and artificially ventilated, also is
quite different from the real-world field restraint scenarios.
These specialists do, however, provide experiential evidence
that prone position on a flat surface significantly restricts
breathing (Sud et al. 2008). More recent controlled laboratory
studies comparing four different restraint positions prompted
the investigators to conclude that some positions are riskier
than others, and caused a significant deterioration in pulmonary function (Parkes 2008).
During real-time situations in which subdual is undertaken,
it is valuable to separate into segments the conditions under
which extreme muscle exertion occurs. Most commonly in the
initial stage before intervention, the subject is emotionally frenzied and physically hyperactive, for various reasons all subsumed under the now-accepted category of excited delirium.
Within minutes, or in some cases hours, the subject may reach
near physical exhaustion, especially in the context of disease
states such as chronic lung or organic heart disease. The next
stage of the struggle involves attempted restraint of the hyperactive combative out-of-control person. In the last stage, prone
restraint of the physically innervated subject, who may perceive
such efforts by police or staff as hostile, tends to compromise
respiration, which worsens as the subject attempts to escape the
entrapment. Such circumstances are widely at variance with
the conditions of laboratory experiments of Chan and others
(Chan et al. 1998, 2004). Reay et al. (1992) took into consideration the extent of exertion during the various phases, the
habitus of the resisters (in terms of high body mass index or
expansive abdominal girth), and whether or not drugs were
present. Considering multiple factors that may converge in
subdual, a recent investigatory panel (Nova Scotia Department
of Justice 2009) from Canada tended to downplay strongly
the role of forms of subdual in death, in essence opining that
more study is needed: ‘Research on the impact of restraints
(either individually or in combination) is inconclusive and
many questions remain to be answered regarding the impact of
restraints (including . . . [electronic control devices]) on at-risk
individuals. The panel urges that a process be established to
systematically evaluate subsequent scientific studies as they
become available and that this assessment be used to inform
policy regarding the use of restraints on acutely mentally ill
individuals’.
Concise, balanced summaries of the various kinds of
restraint-associated asphyxia, the disputes among forensic
and clinical researchers concerning whether or not restraint
asphyxia is a competent cause of death, and how courts have
settled civil matters in wrongful death lawsuits in the USA as
of 2008 have been published by the research-driven non-profit
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organisation Americans for Effective Law Enforcement (AELE
2008, 2009).

• Delirium: incoherent speech, hallucination.
• Resistance to restraint:
‘Super-human’ strength, likely related to imperviousness
to pain.
• Sudden cardiorespiratory collapse either during or following
restraint, often following a rest period.
Theories and research in an effort to elucidate the aetiology
of excited delirium focus on the following:
• Effects on vital signs/electrocardiogram (EEG):
○ Heart rate (increased HR).
○ Respiratory rate (increased RR).
○ Temperature (no effect).
• Acidosis:
○ Lactate
(transient increase with unclear clinical
significance).
• Rhabdomyolysis (Knochel 1990).
• Epinephrine/adrenergic ‘storm’.
Even as forensic pathologists did decades earlier, the US
organisation of emergency medical physicians currently accept
excited delirium as a ‘real’ syndrome without established aetiology (Vilke et al. 2011).
The most common cause of pulseless electrical activity
(PEA) (a state where electrical activity can be recorded from
the heart but there is not enough blood flow out of the heart
to maintain a pulse or blood pressure), which is commonly the
earliest recorded cardiac arrhythmia by emergency responders,
is respiratory insufficiency leading to respiratory failure and
hypoxia. Intravascular volume loss leading to hypovolaemia
may exhaust cardiovascular compensatory mechanisms and
result in PEA. Findings at autopsy and laboratory results in
emotionally disturbed people indicating dehydration and low
haematocrit likely represent some degree of hypovolaemia.
Hypoxia can diminish cardiac contractility by causing disturbances of inotropic substances, including calcium and calciumtroponin interactions, and reducing intracellular energy
reserves (O’Halloran and Lewman 1993).
Natural diseases, which the restrained person may exhibit by
history or autopsy, cover a wide spectrum of explanations for
death associated with restraint. In some instances, they may
be solely causal, contributory to, or wholly unrelated to death.
Common natural conditions are well known to the active
forensic pathologist. A thorough autopsy will uncover these
potential confounders:
• Cardiac:
○ Atherosclerosis coronary artery disease.
○ Myocardial ischaemia infarct.
○ Hypertensive cardiovascular disease.
○ Cardiomyopathy.
• Central nervous system:
○ Cerebral, cerebellar, pontine haemorrhage stroke.
○ Seizure disorder.
• Pulmonary:
○ Chronic obstructive pulmonary disease (Meredith et al.
2005).
○ Hypersensitivity reactive airways disease asthma.
○

29.3 Intrinsic factors
Even though the distinction between extrinsic and intrinsic
factors may seem artificial and difficult to justify because of
overlapping considerations in these investigations, the theory
of causality or contribution from unique pathological, physiological and pathophysiological characteristics of the resisting
subject serves as a reasonable construct for consideration as an
altogether separate category, an analytical approach that is sui
generis, from the extrinsic modalities described above. Virtually
any active forensic pathologist encounters pathological or constitutional aspects of the human body in everyday practice that
serve as competent causes of death. In sound evidence-based
practice, there is no need to exclude these when evaluating
whether or not restraint asphyxia (O’Halloran and Lewman
1993) during official subdual played a role, large or small, in
causing death.

29.4 Controversies: excited delirium
Excited delirium is one of several terms that describe a syndrome that is broadly characterised by agitation, excitability,
paranoia, aggression, great strength and unresponsiveness to
pain, and that may be caused by several underlying conditions,
frequently associated with combativeness and elevated body
temperature (Wetli and Fishbain 1985). Sympathomimetic
agents, for example cocaine, methamphetamine, epinephrine
(adrenaline) and dopamine, predominate. A smaller cohort of
excited delirium affected people with sympathomimetic poisoning experience malignant hyperthermia, which carries a risk
of death regardless of police actions or method of subdual.
There are other forms of combative, agitated behaviour that
require subdual. Such groups are often grouped together under
the umbrella of emotionally disturbed people (Samuel et al.
2009). Emotionally disturbed people may be mistaken for
people with excited delirium, and a subset of these may in fact
display features of excited delirium. However, not all emotionally disturbed people who require subdual have the syndrome
of excited delirium. Although the term ‘excited delirium’ is of
recent coinage, such conditions among mentally disturbed
institutionalised patients, well before any type of medication
for treatment, were thoroughly described by Bell (‘Bell’s mania’)
in the literature over 150 years ago (Bell 1849).
Characteristic features of excited delirium include the
following:
• Substance abuse or psychiatric history.
• Agitation, anxiety.
• Aggression, hyperactivity, violent behavior.
• Hyperthermia: sweating, nudity.
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• Obesity and multiple complications.
• Diabetes mellitus:
Hypoglycaemia.
Hyperglycaemia – diabetic ketoacidosis.
• Mental disorders:
○ Psychoses.
○ Altered mental state.
• Toxicological features:
○ Chronic use/abuse.
○ Acute toxic effects.
○ Withdrawal emergencies, including delirium tremens.
A concise summary of conditions that can mimic excited
delirium by causing altered mental status and sudden death is
tabulated in the White Paper Report on excited delirium syndrome (Vilke et al. 2012), where the authors summarise conditions that cause altered mental status.
Clearly, multiple medical problems may cause or mimic
the agitated delirious state and altered mental status, resulting
in behaviour that is very similar to a person experiencing
excited delirium and which the restraining official must assess
during the pre-incarceration phase. On the street or in the
governmental institution, it is not always possible for someone
with professional medical training clinically to evaluate the
subject who is exhibiting behaviours resembling excited delirium. Such behaviour results from a wide range of clinical signs
and symptoms, from coma through varying degrees of confusion to frenzied, violent agitation and delirium. Medical
determination of the etiologies requires professional clinical
observation, review of medical history, and precise description
of the circumstances surrounding the acute event. The opportunity for observation and careful testing is unavailable to the
non-medical official during real-time restraint. Immediate
restraint versus potentially lifesaving care is always in the
balance in such encounters.
○
○

29.5 Investigation of death in
custody: restraint and
body position
If a death occurs with involvement of law enforcement or custodial personnel (in some form of governmental setting), who
are subduing, restraining or apprehending a violent often irrational subject resisting arrest, the death will be investigated by
the appropriate forensic pathologist (medical examiner or coroner’s office) as an in-custody death. These encounters often
provoke accusations and emotional outbursts by the family
members and community activists, and can also lead to litigation. Deaths following various kinds of restraint involve both
complex and predictable issues. The investigation needs to
include consideration of information that may not be gathered
in a routine death investigation or other in-custody death investigations. Doing too much is preferable to not doing enough.
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Under the direct specific guidance of the certifying forensic
pathologist, death investigators will need to collect information
from multiple sources. Furthermore, the forensic pathologist
who performs the autopsy will need to review such information, and thereafter likely seek additional information. The
autopsy may produce findings that require further explanation
and trigger or require additional investigation.
The following investigatory paradigm may be of value:
1. Freeze-frame timeline of all events with attempts to verify
the circumstances immediately preceding, during and after
restraint. Accuracy of the dates and times of reported
behaviours causing police or medical personnel to restrain
the subject, particular details of the manoeuvres and
modalities of restraint and the subject’s response, and specification of actions taken up to unresponsiveness and death:
a. Activities prior and proximate to the incident.
b. Emotional state.
c. Reaction to each form of restraint – by subject and by
restrainers.
d. Review of witness accounts, police reports, use-offorce reports, emergency medical services records,
medical and psychiatric records and any videos, photographs or digital images of the events.
e. Determination of recorded body temperature and
ambient temperature with documented dates and
times.
2. Visitations:
a. Scene of restraint.
b. Subject’s place of residence or last place to visit to
determine if additional medical history or evidence of
drug use exists.
3. Medical conditions as determined by the medical history,
medical record review and medical conditions determined
at autopsy:
a. Cardiac history, including review of any electrocardiograms or other cardiac function or laboratory tests,
which have been performed in the past.
b. Seizure history to rule out history of seizures or to
clarify the nature of a past seizure disorder.
c. Medication history: drugs, dosage, frequency, duration, compliance and tolerance.
d. If death occurred after arrival at a hospital, obtaining
blood drawn upon arrival at the hospital so it may be
tested for intoxicants, including medications, if needed.
4. Drug use history, not only prescription, but illicit drugs as
well as alcohol and recreational drugs.
Each jurisdiction has its unique set of standards, policies and
practices pursuant to the extent and performance of investigatory and autopsy procedures, which may be tailored to a specific
type of death. In the USA, best current practice presumes that
the investigation and autopsy are performed and documented/
reported in accordance with the National Institute of Justice’s
Death investigation: a guide for the scene investigator (1999) and
the National Association of Medical Examiners’ Forensic autopsy
performance standards (Peterson and Clark 2006).
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Some components apply to virtually every death investigation. However, additional information and procedures may be
warranted in every restraint-associated death-in-custody investigation (Sathyavagiswaran et al. 2007) as follows:
1. Performance of a complete, meticulous autopsy of the
scope usually performed for deaths in-custody with appropriate histological sampling of organs:
a. Specific documentation of all forms of mechanical
trauma in every body region, including the genitalia.
b. Location and character of petechiae.
c. Description of pertinent negative findings.
d. Cardiac pathology consultation.
e. Neuropathology consultation (e.g. brain, spinal cord
and their coverings).
2. Photography:
a. Multiple images with scale and accurate colours.
b. Whole body.
c. Pictures of high quality resolution for enlargement.
3. Preservation and appropriate storage of components of
sexual assault (e.g. the hair, fingernail clippings/scrapings,
swabs of body orifices including the mouth, rectum and
vagina, and external genitalia, clothing).
4. Radiology:
a. Cervical and other regions of interest.
b. Postmortem angiography (especially for the evaluation of vertebral or carotid arteries).
c. Computed tomography and magnetic resonance
imaging.
5. Comprehensive forensic toxicology of autopsy specimens
and any retained antemortem samples, specifically including tests for alcohol, nervous system stimulants, common
drugs of abuse, anti-seizure drugs and therapeutic drugs
often prescribed for psychiatric disorders.
6. Determination of the nature of any other forms of subdual
or restraint that were employed in the case in question.
7. Utilisation of appropriate consultants such as cardiologists,
cardiac pathologists and neuropathologists as needed.
8. Other specialised laboratory tests:
a. Samples for genetic testing for prolonged QT
syndrome.
b. Brain samples with biomarkers associated with excited
delirium (Mash et al. 2009).

29.6 Certification of death
The agency responsible for conducting the death investigation
should ultimately be responsible for certifying the cause and
manner of death. Determining whether or not body position
and restraint asphyxia constitute a proximate or contributory
cause of death during subdual is a major challenge. Equally as
challenging for the death certifier is the determination of the
manner of death. The manner of death classification (e.g. homicide, suicide, accident, natural or undetermined) is dependent

on autopsy findings in conjunction with all relevant information, including the circumstances surrounding death as determined by a medically objective investigation independent of
law enforcement (NAME 2002).
On the one hand, some forensic pathologists opine that
most deaths should be certified preferentially as ‘accident’
(O’Halloran and Lewman 1993, 1994) unless the circumstances
militate compellingly in favour of ‘undetermined’. They assert
that no professional consensus exists. Hirsch, on the other
hand, invokes the generic term ‘homicide,’ in the non-criminal
sense, as death at the hands of another as the proper certification (Hirsch 1994).
Consideration of restraint asphyxia is part of the differential
diagnosis. Prone position is commonly used in restraint, and
restraint by more than one restrainer may render assessment of
combined weight difficult. If obstruction of the mouth and
nose, and compression of the neck are ruled out, compression
of the torso (e.g. chest, abdomen or both) by sitting, lying,
kneeling, standing or manually pushing on the back needs to
be considered because it may cause mechanical interference
with breathing. The mechanism producing bleeding in the
muscles over the larynx is typically compression of the neck;
petechiae of the thymus and trachea are non-specific, but in
specific contexts are consistent with asphyxia as a relevant
mechanism. Death via trunk compression typically takes a
couple minutes, so establishing duration of such restraint, if
any, is crucial to the investigation. There is debate among forensic pathologists whether restraint asphyxia by itself or in combination of other factors described above is causal in death. The
forensic pathologist must carefully scrutinise the controlled
laboratory studies conducted by clinical specialists to determine whether restraint asphyxia can be ruled out. To date, none
of these studies has faithfully replicated real-life subduals on
the street. Re-interviewing witnesses, prompt re-enactment of
the episode with the aid of video and reconstructing the
sequence of events are necessary to sort the various mechanisms, especially when autopsy provides no clear cause of death
(O’Halloran 2004).
At the conclusion of a comprehensive investigation with
input from all necessary consulting specialists, a reasonable
conclusion on cause of death – based on the current state of
scientific knowledge – is that it is multifactorial, including
restraint asphyxia.
Accordingly, formulations as to the cause of death should
indicate the certifier’s best judgment about the proximately
causative and contributory factors. Certification of death following any form of restraint can be difficult because:
• Information needed to draw conclusions may be scant, contradictory or unavailable.
• The relative causative or contributory roles of underlying
disease, drug intoxication, drug-induced agitation or delirium, restraint or subdual, or possible direct electrical or
indirect stresses of conducted energy device (CED) deployment may not be amenable to reasonable determination.
• Typically, multiple factors are involved such as:
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Repeated or prolonged deployment of the CED.
○ Agitated state or delirium.
○ Intoxication.
○ Use of multiple methods of subdual or restraint.
○ Acidosis, hyperthermia or rhabdomyolysis.
○ Underlying natural disease such as heart disease, sickle
cell trait and cardiomyopathy among others.
In cases of multiple forms of subdual or restraint such as
carotid sleeper hold, pepper spray, handcuffing, hobbling, hogtying, slaps, ASP (Armament Systems and Procedures, Inc.)
baton strikes, chest compression, CED deployment and others,
it is difficult to determine which, if any, apply and to differentiate contributory methods from non-contributory ones. Prudence and caution may require the certifier to use generic
formulations in these complex cases and simply state that multiple forms of subdual or restraint were used. If there is reasonable evidence that one or more specific forms of subdual or
restraint did cause death, such cases can be so certified.
O’Halloran and Frank (2000) propose the following based on
actual cases:
• Asphyxiation due to restraint.
• Cocaine intoxication and asphyxia from restraint.
• Hypoxic encephalopathy following cardiac arrest due to
positional asphyxia.
• Traumatic asphyxia with neck compression and positional
asphyxia.
• Asphyxia due to restraint and suffocation.
• Asphyxia due to compression of the neck and chest due to
restraint.
• Arrhythmia/asphyxia while restrained due to cocaine
toxicity.
• Arrhythmia/asphyxia during prone restraint due to cocaineinduced agitated delirium.
• Agitated delirium with restraint.
Descriptive recapitulations or ‘situational statements’
describing the scenario of events may be preferable when conclusions on the cause of death cannot be reached definitively
(Luke and Reay 1992) as follows:
• Cocaine-induced delirium resulting in physical subdual.
• Cardiac arrhythmia while being restrained by police during
arrest.
○
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Sexual Homicide

Philip Beh

30.1 Introduction
Homicide is as old as human history, as evidenced by the marks
of fatal skull injuries seen in archaeological relics. The recognition of a class of homicide as ‘sexual homicide’ is a rather new
phenomenon in the context of human history. The concept of
a ‘sexual homicide’ arose from the pioneering studies of Ressler
et al. and their subsequent publication in 1988 of Sexual Homicide – patterns and motives. They began their studies on multiple homicides and in particular multiple homicides committed
by a single assailant. Their study drew on detailed information
about the crime scene, crime investigation, trial transcripts and
most significantly direct investigative interview of the convicted
murderers who were all serving time in prison. A total of 36
murderers were involved; of these seven had been convicted of
killing one victim and the rest multiple victims. In total these
36 murderers were known to have killed 118 victims. The
authors’ identification of the variety and multitude of homicides where a strong element of sexual acts and/or sexual drivers
led them to propose the notion of a new category of homicide,
which they called sexual homicide.
This study triggered the formation of the FBI’s Behavioral
Study Unit, the development of a whole new field of criminal
profiling as well as the launch of a nationwide database for the
reporting of violent crimes, the Violent Criminal Apprehension
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Program (VICAP), and an ambitious publication Crime
Classification Manual which aimed to codify all crime in the
USA (Douglas 1992). A recent study derived from homicides
recorded in the National Violent Death Reporting System proposed yet another category – sexual violence associated homicide; time will tell if this term is found to be practical or
meaningful (Smith et al. 2011).
Despite all the above, it was quite vague as to what was or
was not a sexual homicide. Furthermore, the average forensic
doctor is unlikely to encounter a case of sexual homicide in his
or her career; still less so a series of sexual homicides. Also,
unless there is a system that allows for homicides to be matched
and compared with those occurring in other police jurisdictions in the same country or even in different countries, the
recognition of a serial sexual homicide may never be made.
More importantly, the determination of a sexual homicide
requires the detailed documentation and processing of the
primary and all subsequent homicide scenes. It is the ‘scene’
that is relied upon most by the few experts of sexual homicides.
It is important to differentiate serial homicides from ‘mass
murders’, although they both causes the death of multiple
victims. The ‘mass murderer’ is one who has set off an explosive
or a fire that led to multiple deaths. The serial sexual
homicides are a series of homicides perpetrated over time
usually by a lone individual driven by a ‘warped’ sense of sexual
motivation.

540

PART III   TRAUMATOLOGY AND VIOLENT DEATH

Box 30.1 Crime scene evidence suggestive of sex-related
homicide. From Geberth (2003).
Victim’s attire
• The type of attire on a victim (dressing up)
• The lack of attire on a victim (naked or semi-naked)
• Torn or ripped attire of a victim
Seminal stains
• Presence of seminal stains on the body
• Presence of seminal stains on the clothing
• Presence of seminal stains near the body
Injury
• Injury to genitalia/sexual organs
• Mutilation of sexual organs
Positioning of body
• Sexualised positioning of the body at the scene
Evidence of substituted sexual activity
• Fantasy
• Ritualism
• Symbolism
• Masturbation
• Bondage
Multiple stabbings/cuttings of the body
• Slicing wounds
• Slashing wounds
• Overkill type injuries

30.1.1 Definition
The practical and simple definition by Geberth (2003) is useful
to readers as well as to death investigators. The term ‘sex-related’
homicide was proposed and should be considered likely when
the following are observed at a crime scene (Box 30.1). Practically, Geberth proposed that sex-related homicide fall into four
categories:
1. Interpersonal violence covering a range of assaults including domestic violence related homicides.
2. Rape and sodomy oriented homicides.
3. Deviant oriented homicide.
4. Serial homicides.
The above ‘classification’ is instinctively understood by
homicide investigators and prescribes the line of investigation
and the evidence that should be collected from the crime
scene. Sadly, it is impossible to recognise that it is a serial homicide unless there is prior information available to the frontline
homicide investigator. Hence, it requires a high degree of
awareness to the possibility and disciplined effort to insist on a
thorough and complete processing of a homicide scene, particularly when the investigator feels that it is unlikely to be
category 1, 2 or 3.

30.2 Profiling offenders in a
sex-related homicide
Despite the short history of ‘sexual homicides’ or ‘sex-related
homicides’, an important observation and pattern has been discerned and is helpful for those who are able to create profiles
of the likely killer to assist homicide investigators. At its most
basic level, it proposes two different types of offenders: the
organised versus the disorganised offender. Ressler et al. (1988)
not only describe the likely crime scene and the behaviour of
the offender before, at and after the crime, they also describe a
likely personal background and upbringing for the offender.

30.2.1 Crime scene suggestive of an
organised offender
The crime scene is perhaps the easiest understood element of
the profile for such offenders and can be described as follows.
The investigator will get an overall sense that the crime showed
evidence of ‘planning’ and of ‘control’. Evidence of planning
could involve the type of victim, for example a prostitute, who
is an easy prey or a victim who is known to be living alone.
Other evidence may be the time of the offence suggesting that
the offender had ‘studied’ the neighbourhood and deliberately
chose a time where the assault would be least likely to be discovered or noticed. Implements or weapons used were brought
to the crime scene; means of seeking help were disabled such
as cutting of phone lines, and so on. The sexual act(s) and the
killing appears planned and deliberate; the death of the victim
almost appears avoidable in that it appears as a deliberate act
to kill. The victim is also more likely to be restrained or in some
way incapacitated.
The body of the victim may have been hidden if left at the
scene or it may have actually been removed from the scene and
the body not recovered until some time later. Where the body
of the victim is found, it would be clear that the injuries inflicted
on the victim were deliberate and were antemortem in nature.
They may appear to be deliberate in their intention to create
fear and to inflict pain. The means of escape with or without
the victim would often also suggest planning such as the use of
the victim’s car.
In general, the scene would appear ‘neat and tidy’ in as far
as there do not appear to be random acts of damage and evidence of an uncontrolled fight or struggle by the victim. It
would be unusual for the organised type of killer to leave
behind at the scene obvious evidence that would link the killer
to the scene, such as the murder weapon, and so on.

30.2.2 Crime scene suggestive of a
disorganised offender
In contrast to the organised offender, the first impression
that a homicide investigator will get on arriving at the crime
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scene of a homicide perpetrated by a disorganised offender is
that of the ‘mess’ of the crime scene. Things are everywhere,
damaged or displaced in acts suggestive of an explosive fit
of rage and loss of control. The victim is less likely to be
restrained as they are often attacked and killed in a ‘blitz’ with
little forewarning. Hence it is not uncommon that they may
have been surprised and attacked from behind or right at the
doorway as soon as they opened the door. It is also not uncommon that there will be ‘overkill’ in terms of the extremeness of
the injuries inflicted. Where the victim may have struggled, the
scene will most likely be covered with blood spatter evidence.
The weapon is more likely to have been something originating
from the scene and that was handy. The disorganised offender
typically leaves a large amount of trace evidence and appears
to have a total disdain as to whether the crime would be discovered or not. The victim here is also less likely to be restrained.
Sexual acts directed to the victim are likely to have been after
the kill. It has also been described that the offender has an
irrational likelihood of covering the face of the victim or of
damaging the face of the victim. The body of the victim is also
more likely to be left obviously exposed with almost no attempt
to hide the body.
Sadly, crime investigators can only begin to recognise such
patterns if they have been involved in a substantial number of
homicide scenes and where scenes of crimes are processed in a
very timely and systematic way. It is not uncommon worldwide
that police forces encounter only a small number of homicides
and personnel attending crime scenes never get to achieve any
degree of experience because of the small numbers of homicide
scenes that they encounter.
It is always difficult to understand the apparent frequency of
serial homicides in some jurisdictions and an almost absence
in others. Cultural and political issues may be indicated as suggesting the decadence of certain cultures and religions; however,
a more likely reason may be the lack of a well coordinated
national police agency where there is frequent and easy exchange
of crime information. Purely in terms of population numbers,
it is incomprehensible that there are such rare reports of serial
homicides in Europe, Russia, South America and Asia. There
has also been an explosion of experts in criminal profiling
appearing in the popular press and on 24 hour news media. It
is debatable how much experience many of these ‘experts’ have
and it is even more surprising how little accountability there is
on what they have offered in their profiles.

30.2.3 Profile of a serial killer
Despite some efforts at studying or trying to understand the
‘making of ’ a serial homicide offender, very little is really understood. However, a typical profile would include the following
(adapted from Geberth 2003). Serial killers can be white, black,
Hispanic, Asian or Native American; in fact, they could be of
any ethnic group. Ninety-five per cent are male and they come
from all cultures, nationalities, education levels, economic
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levels and sexual orientations. Serial murders may or may not
have superior intelligence; however, most are streetwise. Serial
killers are methodical and cunning, and they plan and research
their crimes. They are self-centred and display complete indifference to others. They thrive on self-gratification and the
murders express their control; sometimes for the pleasure of
possessing the power of life and death over another person.
‘The serial killer is a 24 hour a day killing machine always on
the prowl for a victim’ (Geberth 2003).
Schlesinger (2000) in quoting Kraft-Ebing repeats the suggestion that despite the diverse clinical pictures, serial homicides consist of three fundamental components: (i) sexual
sadism; (ii) intense fantasy; and (iii) a compulsion to act out
the fantasy.

30.3 Crime assessment
Keppel et al. (2003) proposed the need for a much more professional, multidisciplinary approach to investigating serial sexual
homicides. The emphasis was placed on a systematic evaluation
of the probative evidence found at the crime scene. This evidence includes circumstantial, physical and direct evidence
found. It also suggests paying attention to the absence of evidence. From this approach Keppel and Walter (1999) suggest
that the following outcomes are possible:
• Determining the physical, behavioural and demographic
characteristics of the unknown offender (profiling).
• Developing post-offence behaviour of the offender and
strategies for apprehension.
• Developing interviewing strategies once the offender is
apprehended.
• Determining the signature of the offender.
• Determining where evidence may be located.
Keppel and Walter (1999) proposed four categories of
offender known to commit multiple murders over time:
1. Power assertive rape murderer.
2. Power reassurance rape murderer.
3. Anger retaliatory rape murderer.
4. Anger excitation rape murderer.
Details of these four categories of rape murderers are summarised in Table 30.1.

30.4 Conclusions
The reader is encouraged to read widely the literature that
continues to be produced in this very sensational area of criminal behaviour. The best the average forensic doctor can do and
should do is to ensure that the scene of all deaths are recorded
and processed in as much detail as possible, autopsies are
detailed and complete and performed with an open mind.

Homicidal
patterns

Dynamics

The victim is often one of
opportunity and surprise
If the rape-assault occurs in a
home and the husband is present,
he may be required to watch the
assault or to participate
When the victim is attacked on her
own territory, the body is left
undisturbed
When the victim is abducted from
an outside location, the killing
and disposal sites vary
Clothing is likely to have been torn
off
Weapons will have been brandished.
Such weapons are brought to and
taken away from the scene
The victim will show evidence of
physical beating but generally no
mutilation and not ‘deemed
perverse’
After the killing he will often leave
an organised scene
Seminal stains are often found
There is a need to be ‘recognised’
for the killing and the killer may
betray his secret to others

The rape is planned
The murder is an unplanned
response of increasing
aggression to ensure control of
the victim
Expression of virility, mastery,
dominance, direct and
overpowering assault is
necessary
The finality of the killing ensures
the success of the killer’s power
and control through the
elimination of the threat posed
by the victim

Power assertive rape murderer

This is a violent sexual assault and
overkill
Victim is likely to come from his own age
group or older. Victim is usually from
the area the offender lives or work
The killer usually walks to the scene.
Confronts the victim with accusations
and builds his anger up into a killing
frenzy
The killer is likely to use weapons of
opportunity and sates his anger from
‘percussive acts’ such as beatings,
stabbings
Semen may not be found as the killer
may not be able to achieve an
erection. The assault continues until
the emotion is sated. The victim’s
body will be placed in a submissive
position and often with the face/eyes
covered
The killer will leave a disorganised scene
The killer often takes a small trinket or
souvenir and is likely also to dispose
of the weapon within 5 m of the body
He has no sense of remorse or guilt. He
can develop a sense of sentimentality
and help search for the victim

Prolonged, ritualised and bizarre
killing of the victim
There is advance planning and the
use of a ‘murder kit’. Victims
meet some particular ‘criteria’
The attack usually starts with a
‘ruse’ but can quickly be
‘demasked’ when the killer will
often tell the victim that he is
going to kill. There is commonly
torture, bondage, degradation
and a variety of injury infliction
on the body of the victim. It is
common that there is
perimortem as well as
postmortem experimentation.
The body is also likely to be left
in a bizarre state of undress and
position
The body is likely to be moved to
secondary locations or to be
buried
The killer is often careful to avoid
detection and is organised
They may harvest body parts or
‘souvenirs’

The sexual assault and homicide
are planned and designed to
inflict pain and terror and for
gratification of the killer
The prolonged torture of the
victim energises the killer’s
fantasies and temporarily
satisfies his lust and need for
domination. The aim is in the
process of killing. The
excitement is derived from the
sadism and the fantasy life and
ritualism

The rape is planned and the initial
murder involves overkill. This is an
anger venting act representing a
symbolic revenge on women who
might be a proxy for the real female
who incited the offender’s anger
Poor relationships with women. Assault
often precipitated by a scolding or
criticism from a woman
The rape murder is episodic and is
committed in a stylised, violent
outburst for getting even and revenge
on women

The rape is planned
The murder is an unplanned overkill motivated
by an idealised seduction and conquest
fantasy
After killing his unrequited lover, the offender
may act out his sexual fantasies through
exploratory postmortem mutilation
The quest for sexual competency and personal
adequacy dominates his fantasy

The victim is selected and watched. He applies
his fantasies to the victim
The murder occurs after the attempted rape
has failed and the arising need for an
emotional catharsis and victim control.
Homicidal overkill is frequent
The victim is 10 or 15 years older or younger
than the perpetrator
He uses threat and intimidation to gain initial
control. A weapon is used but not in the first
instance planned although subsequent kills it
is likely that one will be preselected
After the initial attack, he is often described as
‘the gentleman rapist’ due to the verbal
dialogue with the victim. He will often ask the
victim to ‘cooperate’ and seeks reassurance
from the victim on his own ‘performance’
When the killer finds his sexual competency
threatened, that is when he loses control and
kills through pummelling and manual
strangulation
There is often postmortem sexual
experimentation with sexual exploitation and
mutilation
There is often no firm evidence of sperm left at
the crime scene
The killing is, however, a success if his needs
are satisfied. Killings are therefore episodic
and often during the night-time

Anger excitation rape murderer

Anger retaliatory rape murderer

Power reassurance rape murderer

Table 30.1 Four categories of offenders known to commit multiple murders over time. After Keppel and Birnes (2003).

Suspect
profile

Usually in early twenties
Emotionally primitive
Projects macho image and is
sensitive to his masculine image.
Well-attended car, carries
weapons
Arrogant and condescending
attitude to others
Heavy use of alcohol and drugs to
bolster the offender’s courage,
but did not abuse substance
History of perpetrating crimes
Educationally, typically a school
drop out. Strong homophobic
attitude
May have served in military;
service is generally poor and
terminated prematurely and
viewed as antisocial

Power assertive rape murderer

Anger excitation rape murderer
Age is variable but most would
have committed their first kill
by age 35
Well appearing, bright and
sociable. Cunning and law
abiding
May enjoy a good marriage or
have a satisfactory long-term
relationship
Often compulsive and structurally
organised. Likes mechanical
skills. May have been identified
as ‘good officer’ material
Able to segregate his criminal
intent to his private world where
his souvenirs and murder kit is
stored
Likes pornographic material
involving bondage and sadism.
Drugs may be used to fuel his
fantasy

Anger retaliatory rape murderer
Mid to late twenties. May be younger or
older than the victim
Has an explosive personality and is
impulsive, quick tempered and
self-centred. He is superficially social
and plays team contact sports
If married, there is history of spousal
abuse, extramarital liaisons
Sexually he is frustrated and impotent.
He does not use pornographic
materials for stimulation
May have a history of assault and
battery, reckless driving
Likely to have dropped out from school
because of disciplinary violations.
Likely to have problems with authority
and may have been referred to mental
health service

Power reassurance rape murderer
The usual acting out age is in the mid-twenties
but age is variable and has extended into the
fifties
Relies excessively on fantasies
Appears dull and emotionally scattered to
others. Generally viewed as socially isolated
and as a loner and a ‘weirdo’. He is an
unmarried person without a history of normal
sexual activity
No interest in athletic activities. Tends to live
alone, work in menial jobs, not a team player
If he has a car, often an old model car in need
of repair
Criminal record may reflect his fantasies, fetish
activities, peeping, unlawful entries, etc.
He tends to leave the crime scene disorganised
and laden with evidence
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Medical Malpractice

Burkhard Madea

31.1 Introduction
Medical malpractice charges are nearly as old as medicine. In
the Codex Hammurabi (1700 BC), punishment in cases of
medical malpractice was described. For instance, it recommends that a practitioner’s hands should be cut off if his patient
dies or loses his eyesight. Also, if a dead patient was a slave, a
practitioner’s slave could be given as compensation.
The Constitutio Criminalis Carolina (1532) contains a
chapter on medical malpractice (Chapter XXIX), where notions
like negligence, causality and expert evidence can be found.
From the 17th to the 19th century, it was mainly experts in
forensic medicine who dealt with medical malpractice in their
textbooks, for example Paolo Zacchia (1584–1659). In his book
Quaestionum – Medico legalium Cura (1621–1635) the sentence
‘Medicus errat ommitendo et commitendo’ can be found which
means that damage to the patient cannot only be caused by
doing something wrong but can also be caused by omitting to
do the right thing. For a long period of time, medical malpractice was a subject which was not frankly discussed within the
medical community and the public. A change to this was caused
by the American report ‘To err is human’ (1999) although the
message ‘Errare humanum est’ is not that new. In the USA, it
was estimated that 3–38% of hospitalised patients are affected
by iatrogenic injury or illness, 44 000–98 000 hospital patients
die due to adverse events (of which 10–35% patients suffer
adverse drug events) and nosocomial infection occurs in 1
million patients each year. It was mainly the estimated costs
caused by adverse events and medical malpractice which
seemed surprising (Table 31.1). Based on Anglo-American
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studies, an estimation of adverse events in hospitalised patients
in Germany was carried out. Taking into account 16.5 million
hospitalisations a year (in 2001), 31 600–83 000 deaths were
estimated to be due to adverse events. This would mean that
more people would die due to consequences of medical diagnoses or therapies than due to colon cancer (20 200), breast
cancer (18 000), pneumonia (17 800) and traffic accidents
(7700). Similar data were calculated for the UK (Fig. 31.1).
However, in this area adverse events and medical malpractice requires a strict consideration of terminology since epidemiological research and law use different understandings of
similar terms.

31.2 Definitions
Different institutions have proposed their own definitions, as
for example the European Council, the World Health Organisation (WHO) and so on. Examples of definitions include the
following:
• An adverse event (AE) is a noxious and unintended response.
• A preventable adverse event (PAE) is a noxious and unintended response that might have been prevented.
• A negligent adverse event (NAE) is a noxious and unintended response due to a break in the duty of care. An NAE
is the equivalent of medical malpractice.
In penal law, medical malpractice is mainly defined as an
adverse event (e.g. injury or harm) which is due to medical
negligence. Medical negligence is defined as a preventable
mistake due to a break in the duty of care. Furthermore, there
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must be a causal connection between the mistake and the
injury, and in most jurisdictions this causal connection has to
be proven beyond reasonable doubt.
In civil law, medical malpractice is defined as follows: the
defendant (doctor) owed a duty of care to the plaintiff (patient).
The doctor breaches the duty of care by failing to adhere to the
standard of care expected. The standard is the quality that
would be expected of a reasonable practitioner in similar circumstances. This breach of duty caused an injury to the patient.
Furthermore, for epidemiological research, a definition of
medical error is of importance.
Error may be an error of planning or execution. The error
of execution is the failure of a planned action to be completed
as intended while the error of planning is the use of a wrong
plan to achieve an aim.

Table 31.1 Adverse events in hospitalised patients – an
international comparison.
Potentially
preventable
adverse
events (%)

Study and
place of study

Number of
investigated
cases

New York

31 000

3.7

–

Colorado and
Utah

14 321

2.9

58

Australia

14 179

16.6

51

1014

10.8

46

6579

12.9

63

London
New Zealand

Adverse
events (%)

31.3 Epidemiology
Clear data on the epidemiology of medical malpractice are
missing. However, in the USA, the UK and Australia, several
studies have been conducted concerning AEs, PAEs and NAEs
but mostly only in hospitalised patients as ambulant medical
care data are hardly available.
It is well known that only a small proportion of misdemeanours are on record while the majority of misdemeanours or
injuries do not come to light. This fact is often illustrated by an
iceberg model of accidents and errors (Figs 31.2 and 31.3).
The German Alliance of Patient Safety carried out a systematic review of papers on the incidence of AEs, errors and so on.
Studies fulfilling the following criteria were included:
• Original paper with data from January 1995 to December
2005.
• Data were collected on a well-defined reference group of
patients.
• At least one of the following relevant criteria was checked:
○ AEs.
○ PAEs.
○ NAEs.
○ Errors.
○ Near misses.
To be included in the study, the paper had to contain a clear
description of how the data were evaluated. Furthermore, clear
data on incidence like proportion, ratio and incidence rates had
to be evident. From more than 25 000 studies in PubMed and
Embase, 151 studies from 25 countries with 7686 166 patients
fulfilled these criteria. The review revealed a dependency of the
frequency of reported AEs, PAEs and NAEs from the sample

16

Annual accidental deaths (thousands)

14
12
10
8

Medical

Car

6
4
2
0

Figure 31.1 Incidence of annual accidental deaths in the UK.
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Injuries
confirmed
by expert
witness

Injuries on
records

Prosecuted
injuries
Injuries supposed by
patients but not
prosecuted
Unknown injuries
(which might be
ascertainable by
specific investigations)

Injuries (somatic, psychic, social)
perceptible by experts

Non-recognised somatic injuries
Non-recognised social or psychic injuries
Figure 31.2 Iceberg model of accidents and errors. Only a small proportion of injuries are officially recorded. From Gutachten des
Sachverständigenrates für die konzertierte Aktion im Gesundheitswesen (2003).

Misadventure
on record

Misadventure
not on record

No harm event

Near miss
Figure 31.3 Iceberg model of accidents and errors.

size: the larger the sample size, the lower the frequency. Furthermore, there was no influence for the geographical origin of
the study so that the results may be more or less representative
for countries with a ‘western’ standard in health care. Among
hospitalised patients AEs can be expected in 5–10%, PAEs in
2–4%, NAEs in about 1% and lethal outcome in about 0.1%.
This would mean that based on epidemiological studies for
hospitalised patients in Germany 880 000–1750 000 AEs,
350 000–700 000 PAEs, 175 000 NAEs and 17 500 lethal cases
would be expected. In contrast, in the official mortality statistics
less than 600 cases of death during medical interventions per
year are registered. Thus, only a small proportion of these cases

raise legal discussions. For most countries, data on the frequency of medical malpractice claims are not available. For
Germany it is estimated, that only 1500–2000 cases a year are
being investigated by the public prosecution services. These are
mainly cases where death is thought to be due to medical malpractice and the cause and manner of death have to be cleared
by a legal autopsy. In penal law, it is estimated that one investigation by the prosecutor is performed in 60 000 inhabitants;
with one piece of information about suspected malpractice one
investigation is performed by the prosecutor in 90 000 inhabitants. Only eight cases per year are brought to a penal court with
four convictions and four stays of proceedings. For civil law,
data on the frequency of medical malpractice claims are not
available, but estimations conclude that it is about 15 000 claims
per year.
Every doctor is obliged to have liability insurance; however,
data from the liability insurance companies are not available
for research. One insurance company with 108 000 insuranced
doctors reported about 4500 pieces of information a year with
a settlement of cases in 30%; another 10% go to a civil court
and in 4% medical malpractice was confirmed at court.
In Germany many claims of medical malpractice are dealt
with at the arbitration committees of the medical councils.
More than 30 years ago, the medical councils founded arbitration committees to make medical malpractice claims possible
without applying to a court. More than 10 000 cases per year
are dealt with by the arbitration committees and in 30% of the
cases patient claims are confirmed. The data of the arbitration
committees are presented once a year as nationwide report
called Medical Error Reporting System (MERS).
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31.3.1 Data from the arbitration
committees
Since the data of the arbitration committees of the medical
councils are well documented and evaluated either locally by
the responsible medical chamber or nationwide by the German
medical chamber some of the details shall be addressed here.

At present nine arbitration committees exist in Germany
(Baden-Wuerttemberg, Bavaria, Hesse, North Rhine, Northern
Germany, Saarland, Saxony, Westphalia and RhinelandPalatinate). These arbitration committees have annual meetings and have recently evaluated their material nationwide.
There are about 10 000 complaints a year (Table 31.2), about
24% of which are justified and 76% which are not.

Table 31.2 Medical Error Reporting System (MERS) of the German Medical Council. Nationwide statistics of the arbitration committees.
n = 2343

2006

10 280

6. Medical disciplines in the
ambulant sector

2007

10 432

Trauma surgery/orthopaedics

2008

10 967

Practitioner

2009

10 972

General surgery

11 016

Gynaecology

167

Ophthalmology

158

Internal medicine

156

Radiology

108

1. Number of applications/complaints

2010
2.
Errors with causality

24.8%

Errors without causality

5.1%

No error

70.1%

3. Complaint

Justified

Not justified

2006

23.4%

76.6%

2007

24.4%

75.6%

7. Medical disciplines concerned in
the hospital sector

Urology

588
381
244

91

ENT (ear, nose and throat)

88

Dermatology

77
(n = 6004)

2008

23.8%

76.2%

Trauma surgery/orthopaedics

2009

23.9%

76.1%

General surgery

968

2010

24.8%

75.2%

1943

Internal medicine

458

4. Sector of treatment in cases of complaint 2010

Gynaecology

406

Hospital

72%

Neurosurgery

251

Ambulant

28%

Anaesthesiology

213

5. Leading diseases as cause for
complaint

n

Urology

191

Obstetrics

170

Gonarthrosis

282

Neurology

146

Coxarthrosis

280

ENT (ear, nose and throat)

140

Fracture of the forearm

155

8. Leading mistakes in the ambulant sector: diagnosis

Fracture of the lower leg/ankle
joint

144

Diagnosis: radiology, etc.

45.7%

Intervertebral disc lesion

129

Diagnosis: anamnesis, physical
examination

24.9%

Breast carcinoma

124

Diagnosis: laboratory

19.3%

Shoulder joint, upper arm fracture

120

Diagnosis: further mistakes

10.1%

Deformities of the foot

115

Knee lesions

114

9. Leading mistakes in the hospital sector: operation
Technique

61%

Postoperative management

22.9%

Postoperative management in
cases of infection

8.9%

Choice of operation

7.2%
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Table 31.3 Patients’ complaints, 2009 and 2010 (Medical Error
Reporting System).
Patients’ complaints

2009

Number of decisions

7424

7355

Diagnostic, radiology

171

14 226

14 079

Diagnostic, laboratory

96

Diagnostic, anamnesis,
physical examination

93

Operative therapy,
technique

72

Indication

45

Drug therapy

43

Conservative therapy

39

Number of complaints (maximum 4
complaints per decision)

2010

Table 31.5 The most frequent mistakes, 2010 (Medical Error
Reporting System).

Most frequent complaints
Operative therapy, technique

3656

3580

Diagnosis, anamnesis, physical examination

1194

1137

Postoperative management

1120

1118

Diagnosis, radiology

1194

1117

Ambulant sector

Hospital sector

Informed consent

773

746

Admission to hospital

33

Conservative therapy

583

651

General diagnosis

24

Drug therapy

605

640

23

Indication

512

572

Consultation of
another discipline

Diagnosis: laboratory, further diagnostic
procedures

512

513

Postoperative therapy, infection

393

400

Table 31.4 The medical disciplines concerned, 2010 (Medical Error
Reporting System).
Ambulant sector
Trauma surgery/
orthopaedics
Practitioner
General surgery

Hospital
Trauma surgery/
orthopaedics

1948

331

General surgery

968

Internal medicine

458

244

Diagnosis, anamnesis,
physical examination

124

Diagnosis, laboratory,
further investigation

93

Drug therapy

82

Postoperative therapy,
infection

77

Conservative therapy

64

Operative therapy,
choice of technique

59

14

Lower arm fracture

57

Foot fracture

14

Gonarthrosis

52

Back pain

13

Femur fracture

46

Lower arm fracture

12
11

Lower leg fracture/ankle
joint fracture

38

Deformities of finger,
tooth

Shoulder humerus fracture

34

Cataract

11

Breast carcinoma

33

Gallbladder stone

32

Deformities of fingers, tooth

25

Traumatic injury of the knee

24

Neurosurgery

251

Internal medicine

156

213

Radiology

108

Anaesthesiology and
intensive care
Urology

191
170

Fracture of the lower
leg, ankle joint

10

Obstetrics
Neurology

146

Appendicitis

10

ENT

140

Coxarthrosis

10

Doctors in hospital are more often concerned with medical
malpractice claims compared to doctors in private practice. The
most frequent complaints were about surgical therapy, followed
by postoperative care, diagnostic imaging, informed consent
amongst others (Table 31.3). The most frequent diagnoses
resulting in malpractice claims are coxarthrosis, gonarthrosis
and fractures of the lower leg and ankle. At the top of the
medical disciplines concerned with medical malpractice both
are in the ambulant and hospital sectors of trauma surgery and
orthopaedics (Table 31.4).

148

Gonarthrosis

158

77

Indication

63

Ophthalmology

Dermatology

188

Coxarthrosis

406

88

Postoperative
management

29

Gynaecology

ENT

259

Breast carcinoma

176

91

Diagnostic, radiology

Hospital

Gynaecology

Urology

554

Table 31.6 The most frequent single diagnoses in which medical
malpractice was confirmed in 2010.
Ambulant sector

588

Surgical therapy,
technique

The most frequent mistakes differ between the hospital and
ambulant sector (Table 31.5). While in the ambulant sector,
wrong or insufficient diagnoses are leading the figures, it is
wrong surgical technique in the hospital sector. The most frequent single diagnosis in which medical malpractice was confirmed was breast carcinoma in the ambulant sector and
coxarthrosis in the hospital sector (Table 31.6).
Bodily damage caused by medical malpractice can be classified as follows (Fig. 31.4): no damage, minor damage, passing
damage, permanent damage and death. Results concerning the
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7.0%

2.7%
27.5%

No damage
Minor damage
Passing damage, light to medium

23.3%

Passing damage, serious
1.6%

Permanent damage, light to medium
Permanent damage, serious

7.4%

Death
30.4%

Figure 31.4 Bodily damage caused by medical malpractice. Source: Medical Error Reporting System.

Table 31.7 Decisions of the arbitration committees on medical
malpractice (in 2010) and severity of damage caused
by the medical malpractice. Source: Medical Error
Reporting System.
Medical malpractice decision

Number

Number of decisions

7355

Medical malpractice/violation of informed consent
ruled out

5156

Only violation of informed consent confirmed
Medical malpractice confirmed

42
2157

Malpractice/violation of informed consent confirmed
but causality ruled out

378

Medical malpractice/violation of informed consent
confirmed

1821

Damage due to medical error

1821

Minor damage

54

Passing damage, light to medium

715

Passing damage, serious

298

Permanent damage, light to medium

499

Permanent damage, serious

168

Death

87

severity of damage are shown in Fig. 31.4 based on the material
of the arbitration committee in North Rhine and are shown in
Table 31.7. Most of the damage due to medical errors are minor
or passing, and only a minority is permanently serious or even
lethal.
As already mentioned, the frequencies of confirmed medical
malpractice differ between doctors in private practice and hospital doctors, and also from discipline to discipline. Medical
malpractice is more often confirmed for doctors working in
private practice than in hospital doctors. Disciplines which are
at special risk are general surgery, gynaecology and trauma
surgery.

31.3.2 Data from the files of the Institutes
of Forensic Medicine
The arbitration committees deal predominantly with living
patients. Lethal cases are a special subgroup and the best available data source is the files of the Institutes of Forensic Medicine. Therefore, this special subgroup will be addressed
separately, especially since death is the most severe outcome of
medical malpractice.
From the author’s own retrospective analysis of medical
malpractice claims in lethal cases it is known that the number
of cases have increased during the past few years. Concerning
medical malpractice claims in lethal cases, a doubling of case
numbers could be observed, namely from 300 to 600 cases a
year in the cooperating German Institutes of Forensic Medicine. The autopsy rates due to medical malpractice claims
ranged among the institutes from 2.4% to 20%. This means that
in some institutes every fifth autopsy was due to medical malpractice claims. Obviously, the prosecution has a wide range of
discretionary powers.
The medical disciplines concerned include surgery followed
by internal medicine, general practitioners and anaesthesiologists (Table 31.8). The reason for an accusation of malpractice
was mostly conservative therapy followed by surgical therapy,
endoscopy and intensive care (Table 31.9). There are different
types of mistake, for example:
• Medical malpractice.
• Mistakes in information.
• Mistakes in documentation.
• Medication errors.
• Machine/medical product related.
• Mistakes in organisation.
In the author’s own evaluation of medical malpractice
claims in fatal cases, the medical malpractice charges were subdivided as follows:
1. Negligence (omitting the necessary treatment):
a. Insufficient diagnostics.
b. Delayed reaction to postoperative complications.
c. Delayed admission to hospital or to an intensive care
unit.
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Table 31.8 Medical disciplines concerned in medical malpractice
claims.

Table 31.10 Classification of medical malpractice accusation.
Type of accusation

Cases

%

Negligence

2158

48.5

557

12.5

1472

33.1

Medical disciplines

Cases

Surgical disciplines

1272

Internal medicine

699

Medication error, adverse event due
to drug therapy

Practitioners

434

Complications within surgical therapy

Anaesthesiologists

156

Wrong therapy

766

17.2

Gynaecologists and obstetricians

151

Mistake in care

320

7.2

Orthopaedic surgeons

126

Accusation not specified

153

3.4

Psychiatrists/neurologists

117

Paediatricians

86

ENT (ear, nose and throat) specialists

72

Urologists

66

General practitioners

20

Table 31.11 Causes of preliminary proceedings according to
analysed documents.
Cause of preliminary proceedings
Manner of death ‘unclear’ or ‘unnatural’ on
death certificate

Table 31.9 Cause of medical malpractice accusation.

Number of
cases (%)
1715 (38.5)

Cause of accusation

Cases

Cause of proceedings unknown

Conservative therapy

2604

Complaint about the offence by relatives
(including friends and carers)

831 (18.7)

Complaint by a co-treating or post-treating
physician

271 (6.1)

Complaint about offence by relatives as well as
type of death unclear or unnatural in death
certificate

190 (4.3)

No formal preliminary proceeding by the
prosecution, but proceedings to clarify cause
and manner of death

73 (1.6)

Surgical therapy

1737

Endoscopy

232

Intensive care
Naturopathic treatment/alternative medicine

88
18

2. Complications during/or after surgery:
a. Intraoperative complications.
b. Exitus in tabula.
c. Complications concerning endoscopic operations.
d. Postoperative complications (e.g. bleeding, suture
insufficiency, peritonitis).
3. Wrong treatment
a. Transfusion reaction (e.g. transfusion of ABOincompatible blood).
b. Telephone diagnostics (i.e. therapeutic recommendations by telephone without visiting the patient).
c. Further wrong treatment (e.g. retained instruments).
4. Mistake in care:
a. Insufficient prophylaxis of decubital ulcers.
b. Insufficient thrombosis prophylaxis.
c. Wrong positioning during operation.
5. Adverse drug event or medication errors:
a. Wrong drug.
b. Wrong dose.
c. Wrong application/administration.
d. Wrong frequency.
e. Disregard of drug allergy.
f. Misinterpretation of order given.
g. Illegible order.

1303 (29.3)

Self complaint of the physician(s)

21 (0.5)

Complaint by the patient himself/herself before
death

18 (0.4)

Complaint by staff (especially nursing staff)

10 (0.2)

Anonymous complaint about an offence

9 (0.2)

Other

9 (0.2)

Mostly negligence in a doctor is accused by patients and
relatives following complications during surgical therapy, after
wrong therapy and or after medication errors (Table 31.10).
In nearly 40% of all cases, the cause of the preliminary
proceedings was the classification of the manner of death as
unclear or unnatural in the death certificate (Table 31.11). A
complaint by relatives is the reason for the preliminary proceedings in only 20% of cases. Of special interest is the fact that
medical malpractice is more often confirmed for doctors in
private practice than for clinicians (Table 31.12). This is of
importance since most epidemiological investigations on AE,
PAE and NAE are confined to hospitalised patients. For doctors
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in private practice and nursing staff, the rate of confirmed
medical malpractice is 14.7% and 20.3%, respectively, much
higher than for clinicians.
Although surgery is the discipline with most accusations of
medical malpractice, the rate of confirmed medical malpractice
with approved causality is at 3.1% rather low. Another difference between doctors in private practice and hospital doctors
is that the interval between the beginning of treatment and the
claim of medical malpractice is comparatively short for doctors
in private practice but longer for hospital doctors (Table 31.13).
Apparently, deaths following short outpatient consultations
place physicians at a higher risk for malpractice charges.
In prospective clinical studies, medication errors constitute
a large part of AEs; medication errors are, however, underrepresented in other files of medical malpractice.

Table 31.12 Occupational group and number of confirmed medical
malpractice cases and confirmed medical malpractice
with confirmed causality for death.
Numbers of
confirmed medical
malpractice

Occupational
group
Clinicians

Confirmed medical
malpractice with
confirmed causality

7.8

3.5

Doctor in private
practice

14.7

5.2

Nursing staff

20.3

9.3

Emergency service
doctor

11.9

4.7

A group of doctors

12.6

4.0

Table 31.13 Distribution of malpractice charges by duration and
site of treatment.
Site of
treatment

Treatment
day 1

Treatment
day 2–5

Treatment
>day 5

Hospital

10

45

138

Home visit

58

8

26

31.3.3 Outcome of medical
malpractice claims
There are not only clear epidemiological data on the frequency
of medical malpractice claims missing in the literature but also
data on the outcomes of medical malpractice claims. For
Germany, cases dealt with by the arbitration committees are
well documented and the success rate for medical malpractice
claims is about 24% (see also Table 31.2). In penal law, most of
the preliminary criminal proceedings are closed according to
§170, Abs. 2 StPO. Thus, there is either no medical malpractice
or the causal connection between medical malpractice and fatal
outcome could not be proven with the necessary certainty
(Table 31.14).

31.3.4 Special types of medical
misadventure
Therapeutic misadventure can be classified in many ways. Two
examples are given in Boxes 31.1 and 31.2.

Blood transfusion errors
The erroneous transfusion of ABO-incompatible red cells may
lead to life-threatening haemolysis and complement-induced
shock, resulting in fatality in less than 10% of cases (acute
haemolytic transfusion reaction, AHTR) (Table 31.15).
In the acute haemolytic transfusion, ABO-incompatible
donor red cells are rapidly haemolysed by natural antibodies
(isoagglutinins) already being preformed in the serum of the
recipient (Table 31.16).
The incidence of an ABO-incompatible red cell transfusion
is approximately 1 : 25 000 transfusions. The number of unreported cases may exceed the number of reported cases by far.
The mortality rate in ABO-incompatible red cell transfusions
is less than 10%.
Beside haemolysis, activation of the complement cascade
triggers a systemic reaction similar to septic shock syndrome
(systemic inflammatory response syndrome, SIRS). Symptoms
include indisposition, fever, dizziness, chills, back pain, tachycardia, anxiety during and after the transfusion, haemolysis and

Table 31.14 Results of medical malpractice proceedings.

a

Ulsenheimer
1987

Althoff and Solbach
1984 (Aachen)

Mallach et al.
1993 (Tübingen)

Peters 2000
(Düsseldorf)a

Orben 2004

Total

245

90

410

194 (297
accused)

601 (751
accused)

210 accused

Closing or acquittal

162 (66.1%)

80 (88.9%)

358 (87.3%)

89%

709 (94.4%)

183 (87.1%)

Sentence or settlement
based on §153a decision

66 (26.9%)

10 (11.1%)

52 (12.7%)

6%

42 (5.6%)

16 (7.6%)

The proceedings have been partially settled, or were not yet closed at the time of data collection.

Bonn own
data 2005a
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Box 31.1 Typical medical mistakes from a legal point of view.
From Ulsenheimer (1998).
•
•
•
•
•
•
•
•
•
•
•
•
•
•
•
•
•

Wrong diagnosis, wrong indication
Control mistake
Insufficient physical examination
Insufficient or missed laboratory investigations
Wrong treatment, wrong method
Insufficient therapeutic information of the patient
Wrong medication, wrong doses, mixing up of drugs
Violation of hygienic recommendations
Complications not recognised
Wrong surgical technique
Wrong positioning of patient during operation
Improper use of mechanical devices
Improper injection, infusion and transfusion
Missed admission to hospital
Missed techniques concerning organisation, coordination of
treatment
Insufficient communication between different medical disciplines involved in the care of a patient
Insufficient control

Box 31.2 Medical errors from a medicolegal point of view.
•
•
•
•
•
•
•
•
•
•

Wrong patient
Wrong site
Paralysis from splints
Tight plaster casts
Surgical errors (e.g.ligation of ducts, etc.)
Retained objects
Removal of wrong organ
Failure to X-ray fractures
Transfusion mistakes
Anaesthetic mishaps
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haemoglubinuria. In less than 10% of cases there is fatality in
acute or prolonged shock.
Identification of the cause of erroneous transfusion is made
feasible in nearly all incidents by checking the identity of the
patient, blood samples and blood bags. The erroneous transfusion is confirmed by serological methods (i.e. repeated blood
group typing of the patient and donor/blood bags, cross-match
and screening for irregular antibodies with pre- and posttransfusion samples). If after transfusion an unexplained shock
develops, AHTR has to be considered.
If the incompatible red cells are already haemolysed or
removed by phagocytosis, a demonstration by serological
methods is no longer possible. In these cases, immunohistochemical staining of A and/or B antigens in the paraffin embedded tissue may assist to confirm the diagnosis. Within 24 hours
after a fatality, agglutinates of transfused red cells may be seen
in larger vessels, and small clusters of transfused red cells
may be demonstrated in the capillary vessels of the shocked
organs (i.e. the lungs and kidneys). In nearly all cases, red cells
or at least their membrane fragments are present in macrophages of the liver, spleen and adrenal cortex. In patients with
a longer survival time of up to 1 week, membrane fragments of
transfused red cells may be identified preferably in the cells
of the mononuclear and macrophage system (Leo and Pedal
2010).

Exitus in tabula
The ‘classical’ meaning of the term ‘exitus in tabula’ or ‘mors in
tabula’ implies the patient’s death on the operating table or in
the operating theatre. With regard to its statistical frequency,
the definition of the term exitus in tabula is of considerable

Table 31.15 Adverse events in blood transfusion: classification. Reproduced with permission from Leo and Pedal (2010), © Springer.
Non-infectious

Immunological

Non-immunological

Transfusion-transmitted
infections

Transmission via
blood

Transmission via
plasma derivates

•
•
•
•
•
•
•
•
•
•
•
•

Acute haemolytic transfusion reaction (AHTR)
Delayed haemolytic transfusion reaction (DHTR)
Other types of haemolytic reactions (e.g. minor incompatibility)
Febrile, non-haemolytic transfusion reaction (FNHTR)
Allergic transfusion reactions
Post-transfusion purpura (PTP): alloantibody-mediated thrombocytopenia
after red cell transfusion with innocent bystander effect
Transfusion-related acute lung injury (TRALI)
Transfusion-associated graft versus host disease (TA-GVHD)
Transfusion-associated circulatory overload (TACO)
Citrate reaction
Haemosiderosis
Embolism (air or detritus)

• Bacteria
• Viruses
• Protozoa
• Helminths
• Prions
Parvovirus, hepatitis A, B or C virus, and human immunodeficiency virus
(extremely rare, only then pathogen inactivation fails)
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Table 31.16 Synopsis of acute transfusion reactions. Reproduced with permission from Leo and Pedal (2010), © Springer.
Type of adverse event

Aetiology

Frequency

Diagnosis and therapy

Acute haemolytic
transfusion reaction
(AHTR)

In most cases ABO-incompatible
administration of RCC, other
preformed red cell antibodies

1 : 20 000–1 : 40 000
lethal: c. 1 : 100 000

Stop transfusion, check
identity of blood component
and patient, repeat crossmatching, treat shock and/or
disseminated intravascular
coagulopathy, consider early
haemofiltration

Febrile, non-haemolytic
transfusion reaction
(FNHTR)

Release of cell-derived mediators
during storage or antileukocyte
antibodies in the recipient

<0.1%

Exclude bacterial
contamination, antipyretics,
no specific therapy

Allergic reactions

Immunoglobulin E (IgE) mediated
reaction versus plasma proteins,
severe courses in patients with
IgA deficiency (inborn or
acquired) and anti-IgA antibodies

c. 0.5%, anaphylactic shock c.
1 : 10 000

Symptomatic therapy adapted
to severity, when indicated
screening for anti-IgA
antibodies

Transfusion-related
acute lung injury
(TRALI)

Antileukocyte antibodies in donor
plasma (predominantly
multiparous women) or biological
response modifiers in blood
component with ‘2 hit hypothesis’

1 : 5000–1 : 100 000

Mechanical ventilation,
screening for HLA class I
and II and/or HNA antibodies

Transfusion-associated
circulatory overload
(TACO)

Volume overload in patients with
predisposition for
cardiorespiratory failure

Rare

Diuretic therapy

Citrate reaction

Hypocalcaemia due to rapid
infusion of plasma-containing
blood components

Rare

Electrocardiogram abnormality,
infusion of calcium

Air embolism

Disconnection of closed infusion
systems

Rare

Right cardial decompensation

Bacterial
contamination

Contamination of blood component
via bacteraemia of the donor or
non-sterile handling during
donation or processing

Bacterial contamination:
RCC: c. 1 : 10 000
PC: c. 1 : 1000
Sepsis in recipient: c. 1 : 100 000
Mortality: c. 1 : 250 000

Clinical symptoms of sepsis,
antibiotics, supporting
therapy

PC, platelet concentrate; RCC, red cell concentrate.

significance since a patient’s death can – due to modern anaesthesiological methods – be prolonged for so long that it occurs
outside the operating room. For instance, exitus in tabula was
defined as a term for those cases in which a patient’s death
coincided with the surgical procedure and cannot be attributed
to the underlying disease or one of its complications. This definition seems too restricted, because it means one could not
decide without an autopsy, whether death occurred in tabula,
but a classification occurs from the viewpoint based on actual
results rather than forecasts.
Other authors sum up as exitus in tabula the immediate
surgery-related mortality between skin incision and a time
interval of 3 hours after transferring the patient from the operating theatre. In other studies, the classification as exitus in
tabula comprises a longer time interval between the end of
surgery and death, for instance up to 24 hours in an Australian
study.

In the last few decades, a clear decrease of anaesthesiological
mortality has taken place. At the beginning of the 1950s, the
mortality rate was 37 per 100 000 anaesthesias; in 1987 it was
0.54 per 100 000 anaesthesias. Today, the lethality due to anaesthesia is 0.07 %. Surgical mortality has also clearly decreased
with refined surgical methods. According to clinical observations there were only three cases of exitus in tabula (1.5%) in
200 deaths in surgery. In the author’s own retrospective study
comprising 4450 cases of alleged medical negligence, 444 cases
(7.7%) could be identified as exitus in tabula (death with a time
interval up to 24 hours after the end of surgery).
In the medical disciplines, not only the classic surgical disciplines but also the more conservative disciplines were included
(Fig. 31.5). Most of cases were related to general surgery, closely
followed by internal medicine, trauma surgery and anaesthesiology. Exitus in tabula occurred most frequently during
laparotomies and during implantation of joint prostheses (total
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Figure 31.5 Distribution of occupational groups in cases of exitus in tabula (n = 344).
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Laparotomy
Cardiac catheter
Others
Total endoprostheses
Thoracotomy
Vascular surgery
Surgery of the spine
Bronchoscopy
Coloscopy/gastroscopy
Tracheostoma
Caesarian section
Central venous catheter
Thoracic drainage
Puncture of liver, spleen or kidney
Strumectomy
Tonsillectomy
Eye surgery
Cardiac pacemaker
Tooth extraction
Puncture of the pericardial sack
Operation of the nose
Joint operation

Figure 31.6 Type of intervention in cases of exitus in tabula. Numbers around the chart indicate number of cases.

endoprosthesis, mostly hip joints, n = 54), followed by cardiac
catheter examinations (n = 49). At least 12 cases concerned
endoscopic interventions like bronchoscopy and coloscopy or
gastroscopy (Fig. 31.6).
Intraoperative haemorrhages and vascular injuries were the
main complications (39.8%). In 53 cases (15.4%), the patient
suffered sudden cardiac arrest or collapse during surgery or
shortly after. In 39 cases (11.3%), the clinical signs of acute
myocardial infarction and in 28 cases (8.1%) signs of pulmonary thrombembolism showed up during surgical procedures
(Fig. 31.7).
The main cause of death according to the autopsy results
were haemorrhages with 37.5%. In 344 cases pulmonary
thromboembolism was the cause of death, and in 40 cases
(11.6%) acute myocardial infarction was the cause of death.

The causes of death in cases of exitus in tabula in this study
were predominantly pre-existing disease or the result of typical
common complications of the respective intervention. In these
cases, autopsy has a clearly exculpating effect which protects
treating doctors against unfair accusations and reproaches.
Nevertheless, without autopsies, the factual basis for the affirmation or negation of medical malpractice remains missing.
The overall frequency of exitus in tabula is clearly declining
as a result of both the decreasing rate of anaesthesiological and
surgical mortality. In the past, cases of exitus in tabula were
found almost exclusively within the surgical disciplines. Now
internal medicine, with an increasing number of invasive diagnostics and therapy, is concerned as well. Typical treatments
are, among others, abdominal surgical procedures and cardiac
catheter examinations.
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Haemorrhange vascular injury
5
8
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56

Cardiovascular insufficiency
Myocardial infarction

2
675

Pulmonary thrombembolism
Others
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Fat embolism
Perforation of an organ
Pneumothorax
Air embolism

28

Cerebral haemorrhage
Aspiration
39
53

Wrong intubation
Cardiac fibrillation
Bronchospasm
Malignant hyperthermia

Figure 31.7 Complications that occurred during an intervention. Numbers around the chart indicate number of cases.

Uncontrollable haemorrhages are the most frequent complications and causes of death. In the majority of cases, medical
malpractice can be ruled out after autopsy. Therefore doctors
who are concerned by cases of exitus in tabula should – in their
own interest – report the case to the police and the prosecution
to get the cause of death cleared on an objective basis by an
autopsy.

Drug-associated deaths
According to the WHO, adverse drug reactions (ADR) are
defined as a noxious and unintended response to a drug occurring at a conventional dose and used for disease in prophylaxis,
diagnosis, therapy or for modification of physiological functions. Adverse drug events (ADE) are defined as ADRs and/or
events caused by medication errors. ADEs also comprise cases
of medical malpractice. Causes of ADRs and events may be
related to the patient, the drug, ambient factors and the doctor.
According to older studies, in 1000 patients 20–200 ADRs and
2–20 lethal outcomes should be expected. Based on a study on
the incidence of fatal ADRs in hospitalised patients in the USAs,
106 000 lethal ADRs per year are to be expected. Data on the
incidence of ADRs are mainly available for hospitalised patients.
Due to the study design and the evaluation of the outcome, the
incidence varies considerably between different studies. A Norwegian prospective study comprised a total of 13 992 patients
who were treated in the internal medicine disciplines. Of these
patients, 732 died; 133 patients suffered ADRs which were testified in 64 cases as a direct and in 69 cases as an indirect cause
of death. The incidence of lethal ADR was calculated to be
0.95%. Of the 133 lethal ADRs, 66 (49.6%) were classified as
preventable. In 56 cases, the patient presented as a drug overdose; 43 patients were already hospitalised with an overdose. If
the data of the Scandinavian study were transferred to Germany
taking into account 6 million hospitalisations in internal medi-

cine per year, 57 000 lethal cases of ADR would have to be
expected. Applying the proportions of preventable ADR of the
Scandinavian study to Germany, 28 000 fatal outcomes would
be classified as preventable.
According to Pirmohamed et al. (2004), the prevalence of
hospital admissions due to ADR is about 6.5% (1225 of 18 820
patients) with a lethality of 0.15% or 2.3% related to the ADR
cases.
A few years ago, the author and colleagues published data
on medical malpractice claims due to medication errors in the
institutes of forensic medicine in Cologne and Essen (Madea
et al. 1994). This study comprised only 19 cases. Data on the
incidence of ADR are not mirrored in the files of the institutes
of forensic medicine or other malpractice registers dealing with
medical malpractice claims. This is astonishing as there are a
number of legal duties of physicians regarding drug therapy.
In the author’s own retrospective analysis, medication errors
were classified as follows: wrong drug, wrong dose, incorrect
application, incorrect discontinuation of drug, incorrect prescription, adverse reaction and ‘claim not specified’. The claims
for wrong drugs (n = 107, 19.2%), wrong dose (n = 131, 23.5%)
and ADR (n = 109, 19.6%) were encountered frequently (Fig.
31.8). In only 70 of all 575 cases (12.4%) was a medication
error confirmed; this was causal for death in 42 cases
(Table 31.17).
The small number of allegations of wrong drug therapy
might be due to the fact that ADE are difficult to detect not
only for medical laypeople but also for physicians. In a Scandinavian study, physicians suspected an ADE in only eight (6%)
of 133 ADE-based deaths. Thus, in 94% of the cases, there was
no suspicion of an ADE. The number of ADEs relevant to
criminal law is most likely much higher than currently stated.
Epidemiological studies verified aspirin, diuretics, warfarin
and non-steroidal anti-inflammatory drugs as the typical prevailing drugs leading to hospitalisation. In one of the previous
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Figure 31.8 Classification of medical malpractice claims in drug-associated deaths.

Table 31.17 Medical malpractice and drug therapy – types of
mistakes.
Causality +
Administration of a contraindicated
drug (disregarding drug allergy)

Causality–

18

11

Incorrect application/mixing up of
drugs

11

4

Wrong dose (overdose)

7

10

Administration contraindicated
regarding further medical
interventions

2

Right drug was not given

4

Only symptomatic therapy

–

Total

42

–

Box 31.3 The 10 most common lethal medication errors in
hospitalised patients. Original data from Argo et al. (2000).
•
•
•
•
•
•
•
•
•
•

Concentrated potassium chloride injections
Insulin errors
Intravenous calcium and magnesium
Inadvertently administered 50% dextrose
Known allergy to medication
Miscalculated digoxin (e.g. paediatric patients)
Confusing vincristine and vinblastine (similar looking names)
Concentrated sodium chloride injections
Intravenous narcotics
Aminophyline

1
2
28

studies, psychotropics were identified as one group of drugs
which is involved frequently in medical malpractice claims.
Another study identified the 10 most common lethal medication errors (Box 31.3). The incorrect simultaneous prescription
of methadone and benzodiazepines has also been noted quite
frequently.
ADE in connection with infusion therapies or chemotherapies could also be found quite frequently. A mixing up of potassium and sodium chloride as well as an incorrect intrathecal
injection during chemotherapeutic treatment are errors in
therapy which do occur repeatedly although they could be
easily avoided.
Typical fatal ADE occur in old patients, multi-diseased
patients, patients using multiple drugs already on hospital
arrival and patients receiving four or more drugs during hospitalisation. In such patients, one should anticipate an altered
absorption of drugs, changed (often reduced) metabolism of
many drugs, altered distribution, altered (often reduced) excretion and reduced homoestatic mechanisms. Furthermore, an
increased sensitivity to various drugs and/or drug/drug interactions and drug/disease interactions has to be taken into account.

However, they are often not recognised or suspected, even not
in fatal cases. When giving expert evidence in cases of medication errors, the following points should be noted:
• Indication for the administered drug.
• Selection of the appropriate drug.
• Informed consent for therapeutic reasons given?
• Was the course of the disease checked, and were serum drug
analyses carried out?
• Was the success of the drug therapy controlled and how?
• Was the dose selected according to age, body mass, renal and
hepatic function and appropriate for the disease pattern to
be treated?
• Was the clinical diagnosis correct? A wrong diagnosis leads
to inappropriate drug choice.
• Was the profile of the ADE outside the pharmacodynamic
profile or within the pharmacodynamic profile (e.g. toxic
reactions)?
Medication errors with a profile of the ADE outside the
pharmacodynamic profile are easy to identify when a drug
allergy was not taken into consideration. ADEs within the pharmacodynamic profile (e.g. toxic reactions) are also easy to clear
up when the dose is over the therapeutic range (e.g. overdose).
In cases with doses within the therapeutic range, the question
of drug/drug interaction has to be checked. ADEs beyond the
pharmacodynamic profile (e.g. allergies) are not due to an error
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or negligence by the physician if the allergy was not known.
However, if an allergy was known but not considered or not
retrieved, or if an individually contraindicated drug was prescribed, or if dosages were not adjusted in cases of pre-existing
diseases, a resulting ADE might be judged as an error in
treatment.
Furthermore the grade of causal connection between drug
therapy, medication error and adverse event (if questionable,
possible, probable or sure) has to be addressed.
In the Norwegian study, a grading of connection between
drug effect and death was proposed as follows (Erikssen 2005):
• The drug alone was sufficient and necessary to cause death.
• The drug was sufficient, but not necessary to cause death;
no other causes of death apparent.
• The drug was sufficient, but not necessary to cause death.
Evidence that other causes initiated the death process.
• The drug was sufficient to start the death process, provided
that toxic drug levels were found.
In cases of confirmed medical malpractice, the main mistakes were the administration of a contraindicated drug followed by the wrong application of a drug or mixing up of drugs
connected with a relative overdose.
Paying attention to these lists helps to give sound expert
evidence in cases of medication errors. However, the difficulties
in evaluating an association between death and drugs are also
well known in clinical pharmacology. Without having access to
autopsy data and also drug analyses, clinicians are ‘walking in
the fog’ as far as detecting fatal ADEs is concerned.

Errors involving mechanical devices
Typical errors involving mechanical devices are:
• Endotracheal tubes dislodged.
• Endotracheal tubes occluded (e.g. due to pulmonary
secretions).
• Endotracheal tubes pinched off.
• Perforation of the trachea by an endotracheal tube.
• Vascular catheters dislodged.
• Perforation of large vessels by catheters.
• Perforation of the heart by pacemaker electrodes.
• Perforation of the heart in cases of sternal puncture.
• Misprogramming of patient controlled analgesis (PCA)
infusion pumps.
• Misprogramming of intravenous infusions.
Several hazards with PCAs have been described. An overview
is given in Box 31.4.

31.4 Value of autopsies
An autopsy is a very efficient method for clarifying medical
malpractice claims. In the author’s own retrospective survey,
64.3% of all cases were clarified after autopsy. This is not only
of special interest to the prosecution but also for the accused

Box 31.4 Taxonomy of patient controlled analgesis (PCA):
safety hazards. Reproduced with permission from Doyle
(2003), © Springer.
•
•
•
•

•
•
•
•
•

•
•
•

•

Use of wrong drug or wrong cartridge (e.g. 5 mg/mL morphine
cartridge when a 1 mg/mL cartridge is required)
Accidental mis-programming (sometimes as a consequence
of hostile user interface)
False triggering (e.g. due to a short circuit in the PCA button)
False triggering by proxy (e.g. relatives pushing the PCA
button because the patient is too sleepy to do it himself/
herself)
Drug accumulation in i.v. deadspace under low flow conditions
Runaway fluid column due to ‘siphoning’
PCA machine malfunction due to hardware failure (e.g. disengaged glass syringe)
PCA machine malfunction related to software design error
Retrograde flow of PCA analgesic drug into a secondary
i.v. set (e.g. antibiotics) due to a temporarily blocked i.v.
catheter
Cracked syringe barrel
Anaphylaxis
Extraordinary sensitivity to opiates (e.g. in the elderly), renal
failure, pre-existing sleep apnoea syndrome, background
infusion or concomitant administration of sedative/hypnotic
medications resulting in unexpected respiratory depression
Reprogramming with criminal intent

doctors since immediate clarification means that in two-thirds
of all cases the preliminary investigation can be terminated after
autopsy.
According to an American evaluation of autopsy reports in
litigation cases, doctors sued for medical malpractice do not
have to fear an autopsy. Even in cases in which the autopsy
report was in favour of the plaintiff, the cases were often settled.
Therefore it was concluded that autopsy information is generally not harmful for defendants in law suits alleging medical
malpractice. Fear of autopsy findings is unbecoming to the
medical profession. They are the essential basis for determining
the cause of death, medical negligence and the causality of
negligence for cause of death. Without an autopsy, fatal cases
cannot be assessed in an appropriate way. Furthermore, they
are also essential for the prevention of similar cases. They
provide data on events that are significant – serious injuries –
that are much more comprehensive than provided by most
reporting systems.

31.4.1 Investigation of medical
misadventures
These include the following:
• In cases of the unexpected death of patients especially during
medical intervention, the appropriate legal authority (e.g.
public prosecution, police) should be notified.
• All medical devices such as monitors and intravenous
pumps, transfusions and so on, should be secured.
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• All premortem specimens of the patient should be retained
•
•
•

•

•

•

for further analyses.
All patient fluids should be secured for further analyses.
Prior to autopsy all medical records of the patient should be
available for the pathologist.
A complete postmortem examination should be carried out
including the following:
○ Prior to autopsy, postmortem imaging may be necessary
in some cases.
○ In cases of death following very specialised operations, an
experienced surgeon should attend the autopsy.
○ Special preparations may be necessary.
○ Photographs of the operation site should be taken.
○ Specimens for further analyses (i.e. histology, toxicology,
bacteriology/virology and biochemistry) must be taken.
When the question of medical malpractice is addressed the
forensic pathologist should seek the cooperation of a clinician of the special discipline concerning a possible breach of
duty of care and causal connection.
The main task of the pathologist is to clarify:
○ Cause of death.
○ Underlying diseases.
○ Whether or not any therapeutic misadventures (e.g. perforation) are obvious.
○ Whether or not there are anatomical anomalies.
On the basis of the autopsy findings and the results of
further investigations a final report should be given. The
final report should be structured as follows:
○ Chronological case history.
○ Summary of medical records.
○ Results of police investigations.
○ Own investigations (e.g. autopsy, histology, toxicology,
etc.).
○ Interpretation: cause of death; medical misadventures/
negligence; and causal connection.
○ If the pathologist is not qualified to give a statement on
the question of negligence and causal connection, a clinician should be asked to do so but the forensic pathologist
with experience in legal matters should raise the appropriate questions.

31.5 New approaches
The traditional approach to the investigation of medical treatment related deaths was at first a report of the death to the
coroner. Then a forensic autopsy was carried out, the medical
record was reviewed, witnesses where interviewed and an independent expert opinion was sought. Due to the increasing
complexity of medical care in general and greater evidence
knowledge base available, a clinical service was introduced to
the traditional legal investigation in Victoria, Australia. The
modern forensic investigation into medical treatment related
death uses the knowledge of the clinical liaison service (CLS).
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Box 31.5 Clinical Liaison Service (CLS) and death prevention.
Stage I
Preparedness: CLS staff improve the capacity of the investigation in the prevention of death and uses knowledge and skills
from the patient safety perspective
Stage II
Recognition and reporting: CLS clinical experience and knowledge assist in improving the identification of appropriate cases
for investigation and exclude cases due to natural disease
Stage III
Investigation and analysis: CLS enhance the nature and depth
of the investigation by completing a clinical review, preparing
detailed questions for the medical treatment team to answer and
reviewing the medical treatment team’s response. CLS also
assists in improving the selection of clinical experts, contribute
to detailing the relevant issues and review the experts’ response
Stage IV
Findings and recommendations: CLS assists in identifying
whether and how medical treatment may have contributed to the
cause of death. CLS also assists the coroner with understanding
the circumstances and contributing factors leading to the death
and explore options for future prevention
Stage V
Response to prevention: CLS assists in identifying key health
service providers and health policy makers who should be
informed of the case outcome

The CLS employs doctors and nurses in clinical practice and
with experience in public health and patient safety. This is
achieved by completing a structured review of the medical
records, autopsy and any other information relevant to the case.
In detail, a discussion between medical and nursing staff along
with the forensic pathologist and coroner usually follows the
case review. According to the authors (Ibrahim et al. 2009) there
are substantial benefits with the clinical team contributing to
traditional legal investigation of medical treatment related
deaths. The role of the CLS is explained in five stages of death
prevention in Box 31.5.
By the implementation of the CLS, the depth of investigation and the efficiency of the legal process are improved considerably (Ibrahim et al. 2009).

31.6 Conclusions
Due to their frequency and socioeconomic costs, AEs in medical
malpractice have gained public and political attention and
organisations like the Council of Europe and the WHO have
published recommendations on the management of patient
safety and prevention of AEs in health care.
Medical malpractice claims dealt with at the German arbitration committees are in one-third of the cases successful for
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the patient. The files of the institutes of forensic medicine are
indispensable for the epidemiology of AE and improvement of
patient safety for several reasons:
• In forensic medicine, possibly the most dramatic cases –
death due to medical malpractice – are seen.
• Since most studies of AE focus on hospitalised patients, the
files of forensic medicine institutes cover the ambulant
sector of health care as well.
Forensic pathologists can also contribute to an increase in
patient safety since malpractice claims can provide a rich source
of data concerning a small number of serious events. A thorough evaluation of serious incidences, although less sophisticated than a root cause analysis, produces far more information
than the usual hospital reporting system. The identification,
evaluation and reporting of errors may contribute to the prevention of errors. This is among other medical disciplines a task
for forensic medicine.
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Special Issues Regarding Expert
Evidence in Violent Death

Rainer Amberg, Burkhard Madea, Jørgen L. Thomsen,
Martin Worm-Leonhard and Paolo Procaccianti

32.1 Priority and order of injuries
Rainer Amberg
Decisions regarding the priority or order of injuries are mostly
required in cases of transportation fatalities or different injuries
to a body. A number of incidents or multiple responsibilities
may form and the cause for these should be assessed in order
to fulfil legal or insurance requirements. These questions will
most often occur in circumstances such as stabbing wounds,
shotgun injuries, multiple fractures to the skull, blunt and
sharp injuries (i.e. to the neck) and long-term maltreatment.
A general decision guideline will be formed from the
observation of vital reactions and their strength, associated
pathophysiological consequences and the biomechanical
prerequisites.
Transportation fatalities, especially when pedal cyclists,
motorcyclists or pedestrians are involved, may be characterised
by a wide range of different types of injuries. Outstanding
importance should be given to the identification of the injuries
caused by the first or initial impact (Fig. 32.1). These data
together with the technical evidence gathered from the site may
provide the basis of a functional reconstruction.
It may be difficult to draw a timeline, for instance, for a series
of shotgun injuries if the gaps between shots are only a second
or even less. The intensity of local haemorrhages may give hints
if major vessels have been injured. Sometimes, the sequence can
be deducted from different shot distances (Fig. 32.2). In this
figure, contact with bone was the last gunshot after physical
Handbook of Forensic Medicine, First Edition. Edited by Burkhard Madea.
© 2014 John Wiley & Sons, Ltd. Published 2014 by John Wiley & Sons, Ltd.

activity had been suspended in the victim by the prior
injuries.
A history of serial penetrating wounds may also be established by the differing intensity of local haemorrhages. For a
more precise staging, immunohistological studies are the
mostly helpful.
Fractures of the skull do follow a simple biomechanical
pattern (Puppe’s law), which enables the examiner to identify
the first and the following impacts. Combinations of different
types of injuries should in the first instance be arranged according to their individual pathophysiological consequences. Stabbing wounds to the head combined with strangulation marks
and petechiae denote a preceding compression of the neck
because otherwise the congested blood could have found its
way out through the open wounds.
Importantly, in the absence of a single fatal injury, the combination of all lesions may have caused the death if other causes
could be excluded.

32.2 Physical activity after injuries
and survival time
Rainer Amberg and Burkhard Madea

32.2.1 Definition
Physical activity in forensic traumatological terms means the
ability to execute a complex, adequate and intentional action
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infliction and a discrepancy between the victim’s and the
offender’s versions of events. Possible actions according to the
type of injuries and their consequences have to be assessed.
In this process, localisation and severity of injury play the
most important roles. A person who has died due to his or
her injuries at the scene would not have been able to act for
very long.

32.2.2 Injuries to the head

(a)

(b)

Figure 32.1 (a) Massive haemorrhage and tissue damage at the
left side of a cyclist, corresponding with the height of the right
side mirror of the car that caused the accident (b).

Figure 32.2 Series of four gunshot wounds in the right side of a
car driver, having been shot by a motorcyclist while waiting at
the traffic lights: the two gunshots to the lower part of the body
were first and – after the window glass broke – the next one was
into the neck with signs of a closer shot, and the last one at the
ear with contact of the weapon.

despite the injury outcome. However, full responsiveness is not
required.
The types of physical activity covered by this definition are
complex, such as intentional activities led by consciousness as
in cries for help, attempts to escape and instinctive, adequate
activities such as defence behaviour. Not covered are activities
in a state of unconsciousness (i.e. automatisms and reflexes),
even if they may lead to a slight change of the position of the
injured person as well as uncoordinated and swiftly exhaustible
motions (tonoclonic spasms).
Questions about physical activity regularly arise in cases of
discrepancy between the scene and retrieval of the body, self-

The general question is: which structures have been injured and
what are the possible consequences? What kind of function
could be supported by the structures still functioning?
Gunshot injuries to the head are usually followed by an
instant inability to act if motoric or higher regions of the brain
have been destroyed by the temporary wound cavity or these
regions have lost their functions due to hypoxaemia caused by
haemorrhagic shock.
Cases with pronounced damage via the primary lesion more
than via the temporary wound cavity may survive for several
days.
Frontal contact shots with small-bore weapons may be survived for a short period of time as well as lesions from bolts.
Loss of consciousness may develop after a few days from
increasing brain oedema. Bitemporal penetrating gunshot
wounds by handguns may cause no severe injury to vital structures and may result in a longer period of activity. Also smallbore shots through the soft palate and a bullet within the
posterior cranial fossa may be survived for a number of days.
In blunt trauma of the skull, physical activity may be preserved even in cases of severe damage and axe wounds. Some
cerebral haematomas are accompanied by symptom-free intervals of several hours. Also, stab wounds of the skull may result
in physical activity over several days. A fatal outcome is most
likely after medical complications.

32.2.3 Injuries to the neck
In cases of gunshot injuries, an instant loss of activity is most
likely if parts of the meso- or diencephalon have been affected.
The degree of activity depends on the consequences due to the
lesion. Injuries of the large arteries do not result in longer activity. If only one side is affected, a longer period of activity may
be possible if the bleeding has been stopped temporarily. Injuries to the cervical cord or of nerves if more local do not lead
to instant inactivity but may cause immobilisation.

Death by hanging
No ability to act can be expected in cases of a free suspension
of the body. If the ligature disrupts at the very beginning, ability
may recur and even remain stable. Injuries to the cervical spinal
cord by hanging may not cause an instantaneous or complete
inability to act. Neurological dysfunction following fractures of
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(a)

(b)

(d)

(c)

(e)

Figure 32.3 (a) Stab wound of the chest. (b) Small stab wound of the heart (right ventricle) that caused death through pericardiac
tamponade. The victim was able to smoke a cigarette after sustaining the homicidal stab wound. (c) Stab wound of the chest with a
small sword (d). (e) Stab wound of the heart with wide opening of the ventricle. The victim died within a few minutes.

the cervical spine may develop slowly. However, immobilisation
of the extremities is only seen in cases with ruptures of the
plexus.

ical impact to the chest. Rupture of the right atrium may even
allow activity for more than 1 hour. Contusions of the lungs
are not followed by instant inability to act even if major bronchial or tracheal ruptures may be present.

32.2.4 Injuries of the chest, heart and
large vessels

32.2.5 Injuries of the abdomen

Injuries to these structures are not necessarily followed by
instant inability to act, but are correlated to the amount of the
actual extravasation (Fig. 32.3a, b). Wide opening of the atria,
ventricles, aorta and pulmonary veins as well as ruptures of
coronary arteries will be followed by a quick inability to act
(Fig. 32.3c–e). Gunshot and stabbing wounds of the hemithorax do not cause immediate inactivity whereas 25% of injured
people are found to be active after at least 5 minutes.
Extensive serial fractures of the ribs on either side do not
exclude the ability to act instantly. It is only a double pneumothorax which may cause instant inability to act, if no adhesions
of the pleura prevent collapse of the lungs. Reflective cardiac
arrest has been reported following contusio cordis by a mechan-

Gunshot injuries with damage to the liver, spleen and kidneys
may cause a considerable delay (several minutes) for an inability to act to occur because of the slower perfusion compared
with the great vessels and the heart. A reduced ability to act may
result from injuries to the thoracic or spinal cord or lesions to
the pelvic or brachial plexus.
Rupture of the organs due to blunt force impact to the
abdomen will not result in an instantaneous inability to act in
general whereas pain and extravasation set the limits that may
be modified by psychological factors. Rupture of the liver and
gallbladder may only produce poor symptoms for hours, and
in the case of pancreatic ruptures for days. Even primary splenic
ruptures can be followed by activity for a few hours. Rupture
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of the stomach or the ileum will produce severe pain but no
instantaneous inactivity. Also, lesions of the kidney or their
vessels may result in activity for a few hours as is the case for
urinary bladder injuries.
Lesions to the lower spinal cord by gunshots or blunt trauma
may cause an immediate loss of motor innervation followed by
immobilisation of the innervated region.
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32.3.2 Epidemiology
Postmortem mutilation is generally rare and occurs with a
focus on dense habitats. The incidence in Germany is approximately 10 per year. Natural and accidental dismemberments are
10-fold more frequent than criminal ones. Offenders are mostly
men, victims are mostly women (ratio 2.5 : 1). A close relationship between both of them is frequently seen.

32.2.6 Injuries of the extremities
Mobility depends on mechanical stability and functioning
motor innervation after injury. Undislocated hip fractures
allow walking, pertrochanteric ones do not. Stability is not possible in cases of tibia fracture, patella fracture, rupture of the
quadriceps tendon or fracture and distorsion of the tarsalia or
of the lower leg.
Rupture of the plexus of the upper extremities will make
intentional motor action impossible.

32.3 Postmortem mutilation
Rainer Amberg and Burkhard Madea

32.3.3 Patterns of findings
Natural dismemberment as a consequence of decay may take
months or even years. It follows anatomical structures and can
easily be diagnosed. Accidental dismemberment is caused by
massive mechanical impacts such as by rotating propellers,
trains, aircraft accidents or explosions. Dismemberment can
also be the result of devouring by animals.
A defensive mutilation is characterised by some methodical
action (Fig. 32.4). Its extent is limited by the intention and the
local possibilities. All sectional planes are non-vital. Decapitation is followed by the dissection of the extremities. A division
of the torso is not seen very frequently.

32.3.1 Definition
Postmortem mutilation may occur in accidental or natural dismemberment without criminal intent but is typically an action
committed after the offence (of homicide) in order to conceal
that offence by anonymising the victim or for transportation
purposes.

Important note
Cases of postmortem mutilation may happen according to the
state of preservation of the body and may require the entire
gamut of forensic techniques in order to answer the principal
questions: Who? When? How? Where? Why? And, by what
means? Smooth cooperation between the police and the forensic
specialist is an absolute necessity.

The following types of postmortem mutilation can be distinguished on the basis of motives and findings:
• Defensive mutilation: to prevent identification and promote
ease of transportation.
• Aggressive mutilation: dismemberment and mutilation are
promoted by the offence.
• Offensive mutilation:
○ Primary intent of sexual activities involving a corpse or
parts of it; cannibalism.
○ Primary sadistic impulses led to sexual activities with
injuries until death and after.
• Necromantic mutilation: on corpses in order to obtain
trophies.

Figure 32.4 Criminal dismemberment of a body (defensive
mutilation) in order to prevent identification and to ease
transportation. Having killed his wife, the husband dismembered
her with knives and transported the body parts by tram to a
woodland.
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(a)

(b)

(c)

Figure 32.5 (a, b) Offensive mutilation. The skin of the thorax was removed and the chest fried in an oven. At the scene, obvious signs
of cannibalism were present. (c) Pelvis with surrounding soft tissues, internal genitalia missing.

Offensive mutilations mostly follow no plan. A tendency to
conceal the remains may be missing. In cases with sexualsadistic intentions, genital dissection will be the cardinal finding
(Fig. 32.5).
Methods for removal of body parts differ widely. Knives,
axes, saws, cutters and other tools and materials are used for
the dissection. The method of dissection does not necessarily
reflect any special medical knowledge. Dumping of the remains
can be seen within a house from the loft to the cellar, in litter
bins, freezers, lakes and rivers and even in acid filled barrels.
Attempts at cremation inside the house or in an open space are
observed frequently.
The work of the forensic specialist focuses on identification
and cause of death. The following issues and techniques are
useful in making conclusions:
• Photographic documentation of the site.
• Identification of the scene of the crime.
• Proof of human species.
• Identify the number of corpses.
• In the case of an incomplete corpse: body parts in other
regions or foreign countries.
• Determination of gender.
• Type of mutilation.
• Cause of death.
• Length of postmortem period.
• Determining if there is one perpetrator or if a helper is
involved.
• If the remains have been temporarily frozen.
• Photographic documentation and preparation of the dissection surfaces/planes.
• Documentation of tool marks according to the killing and
dissection method.
• Determination of length of vitality.
• DNA profiles for national and international data files.

32.4 Alcohol-related deaths
Jørgen L. Thomsen

32.4.1 Definitions of alcoholism
According to the International Classification of Diseases 10
(ICD-10) there are six diagnostic guidelines for the alcohol
dependence syndrome:
1. ‘A strong desire or sense of compulsion to take alcohol.
2. Difficulties in controlling alcohol-taking behavior . . .
3. A physiological withdrawal state when alcohol use has
ceased . . .; or use of the alcohol with the intention of relieving or avoiding withdrawal symptoms.
4. Evidence of tolerance . . .
5. Progressive neglect of alternative pleasures or interests
because of alcohol use . . .
6. Persisting with alcohol use despite clear evidence of overtly
harmful consequences.’
According to the American Psychiatric Association’s (APA)
Diagnostic and Statistical Manual of Mental Disorders IV
(DSM-IV) definition, they distinguish between ‘alcohol abuse’
which is repeated use and ‘alcohol dependence’ which is defined
as alcohol abuse combined with tolerance, withdrawal symptoms and an uncontrollable drive to drink.

32.4.2 Immediate effects of ethyl alcohol
Most people are familiar with the effects of alcohol. The effects
may, however, differ between individuals and even in the single
individual from time to time. Most of the acute effects of
alcohol intake are based on the removal of inhibitions. It gives
a feeling of freedom and increased opportunities. Alcohol
intake will result in increased desire to speak, to be more caring
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and to overcome obstacles, and, for instance in writers, some
of them believe that they are more inspired after the intake of
alcohol. If a person beforehand is depressed or dysphoric, the
intake of alcohol may increase these feelings. Alcohol may also
induce confusion and emotional lability as well as a decreased
sensitivity to pain. Alcohol in larger doses has a sedative effect,
and it is well known that people often fall asleep when influenced by alcohol. Heavy alcohol intoxication may result in
coma and death. Acute intoxication has many physical as well
as mental effects, and the two categories may overlap as in the
effect on the level of consciousness that may be a result, both
of the physical effects on the brain and the mental relaxation
effect. The reflex reactions are very soon delayed which is
important, for instance, in road traffic as even small amounts
of alcohol may decrease the speed of the reflexes although the
driver feels perfectly fit for driving.
Due to the dilatation of the blood vessels, alcohol will often
cause a flushed appearance, there may be an increased heart
rate and, with higher concentrations, the heart rate may
decrease. Alcohol also has a depressive effect on respiration.
With increasing concentrations, the effects on the nervous
system become obvious with staggering walk, balance problems, impaired memory and difficulties in communication.
Due to the effect on the gastrointestinal tract, the person under
influence of alcohol may start vomiting, and it has long been
known that the person may inhale vomit due to the depression
of coughing reflexes and swallowing.

32.4.3 Death due to acute alcohol
intoxication
Death may occur due to sudden intake of a large amount of
alcohol that will induce a hypotensive shock. It is the experience
of anaesthesiologists that cardiac arrest due to this mechanism
is difficult to treat effectively.
Alcohol is a frequent co-morbid factor leading to death. It
is, for instance, well known that responsiveness in road traffic
is inhibited by alcohol, and ethyl alcohol is frequently found in
road traffic fatalities. Even in drowning and in bar fights alcohol
is known to be an important co-factor. As alcohol has a profound effect on the organism even in small doses, it is a forensic
experience that alcohol may increase the risk of death in many
circumstances (Table 32.1).
Thus, alcohol will increase the effect of most drugs, especially drugs with a sedative effect including opioids; it may
increase the risk of dying from a heart condition, and observations have shown that the risk of dying from acute alcohol
intoxication is bigger in hypertrophic hearts. The bigger the
heart, the lower the alcohol concentration leading to death.
Even in infections such as pneumonia, alcohol will increase the
anoxia and the respiratory inhibition.
Observations indicate that alcohol may have an effect on the
sodium channels of the heart leading to disturbances of the
conduction system. It is well known that especially beer drink-
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Table 32.1 Causes of death; the distribution in a Danish study of
alcoholics. Reproduced with permission from Thomsen
(2007).
Number of
individuals

%

Cause of death

5

1.2

Coronary thrombosis

32

7.8

Coronary atherosclerosis

9

2.2

Cardiac hypertrophy

3

0.7

Cardiac disease, other

5

1.2

Hepatic coma

13

3.2

Bleeding oesophageal varices

3

0.7

Acute pancreatitis

18

4.4

Lobar pneumonia

16

3.9

Bronchopneumonia

2

0.5

Pneumonia, other

1

0.2

Pulmonary embolus

19

4.6

Alcohol intoxication

4

1.0

Exposure

4

1.0

Alcohol intoxication + exposure

10

2.4

Carbon monoxide poisoning

2

0.5

Bolus

8

2.0

Aspiration

50

12.2

Drug intoxication

54

13.2

Combined alcohol/drug intoxication

12

2.9

Intracranial traumatic haematoma

6

1.5

Intracranial haematoma, spontaneous

27

6.8

Skull/brain lesions

2

0.5

Abdominal lesions

4

1.0

Thoracic lesions

0

0.0

Pelvic fractures

4

1.0

Hanging

10

2.4

Drowning

10

2.4

Combination of lesions

36

8.8

Ketoacidosis

1

0.2

More than one cause of death

41

10.0

Other

412

100.4

Total

ers may have low sodium concentrations and may die from
sudden cardiac collapse.
Perhaps the most profound effect is on the central nervous
system, demonstrated by the acute symptoms of intoxication.
Alcohol has an effect on the γ-aminobutyric acid (GABA)/Nmethyl-D-aspartic acid (NMDA) effects. It also influences
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various drug receptors such as the opioid and benzodiazepine
receptors and has an effect on the dopamine receptors.
The lethal concentration of alcohol varies. It is often indicated that with an alcohol concentration of 4‰ 50% of the
individuals will die. As alcohol has a synergistic effect with
drugs and as the danger of alcohol is dependent on so many
factors, the entire situation of the deceased and the autopsy
findings must always be taken into account before concluding
a case of death due to ethyl alcohol intoxication.
If no other obvious cause of death is found, we usually
accept 3‰ as a lethal concentration. If the person is old and
has an enlarged heart, lower concentrations may be accepted.
In the case of vomiting with aspiration to the airways, even
lower alcohol concentrations are accepted as the underlying
cause of death.
Aspiration to the airways is known as a ‘classic’ cause of
death in alcoholics, but in the author’s opinion this is only
rarely seen.
At the autopsy, the important finding is the alcohol concentration. There will often be an obvious smell of alcohol, and the
brain is oedematous, and the lungs are congested and oedematous. These are non-significant findings. If the consumed
alcohol was of high concentration (>60%), the mucous surface
of the stomach may be inflamed, but this is only rarely obvious
as the mucous surface of the stomach undergoes enzymatic
degradation very soon after death.

32.4.4 Mixed alcohol–drug intoxication
As ethyl alcohol has a universal effect on the organism, including inhibition of the respiration and cardiovascular system, it
is obvious that it may be dangerous to combine alcohol and
drugs. Various drugs may have a synergistic or additive effect
on the ethanol influence. Recently, the chronic alcoholic did not
usually have a side abuse of drugs, and vice versa – the drug
abuser did not have an intake of alcohol. This has changed as
alcoholics often supplement the alcohol effect by taking various
drugs. These may be sedatives such as benzodiazepines or even
opiates, seeking the best mind triggering effect. Nowadays, we
also find alcohol in a substantial number of chronic abusers
such as heroin addicts.
The combined intake is in many ways a Russian roulette. It
is difficult to predict the amounts of drugs or the alcohol concentration that will be lethal in various combinations. When
alcohol is found, it is always a contributory factor in death due
to intoxication. It may be difficult to determine the manner of
death, but if there is a high concentration of ethyl alcohol
together with a non-lethal concentration of one or two drugs,
the manner of death is usually not suicide, but rather accidental. It is not frequent to use a combination of alcohol and drugs
as a homicide method.
It is the author’s experience (Thomsen et al. 1997) that the
cause of death in alcoholics is often missed if toxicology analysis
is not performed. A potentially lethal disease such as atherosclerotic heart disease may be found in an alcoholic, and

perhaps a concentration below 1‰, and yet the cause of death
may be intoxication due to combined intake of alcohol and
drugs. The recent widespread use of serotonin uptake inhibitors
is also reflected in the analytical findings in alcoholics. Therefore it is recommended in alcoholics without an evident cause
of death to perform toxicology analysis.

32.4.5 Long-term effects
Confounding in long-term effects
There are many examples of confounding factors in scientific
work. These are also easily found in research on alcoholism, and
it is not very easy to account for the confounders. Very often
the confounding variables are concealed and searching for the
factors does not guarantee that they are all found, especially in
a condition such as chronic alcoholism. This condition has so
many connotations and has so much to do with the values of
society and the various lifestyles that both confounding valuables as well as causal associations may have been overlooked.
Some examples are very obvious. It is, for instance, known that
alcoholics have a higher frequency of lung cancer. It is, however,
also known that lung cancer is closely related to smoking,
almost with smoking as the only causative factor. In this context,
smoking is a confounding factor as the lung cancer is more
likely to be an effect of smoking than alcoholism. It is known
that smoking is much more common among alcoholics than in
the population as a whole. This means that even other cancer
types that are associated with smoking may be spuriously
related to a chronic intake of alcohol.
Other confounding factors may be present as the chronic
alcoholic in many ways differs from the rest of the population.
The sleeping habits may be different; the intake of food may be
different both with reference to the amount and the type of
food. Alcoholics may more often be without a job, they will
more often live alone. They expose themselves to cold when
they are not sober, and so on.
Alternatively, the positive effects of alcohol on atherosclerosis have been described. There has been an intense search for
confounding factors disproving this inhibitory effect of alcohol
intake on atherosclerosis. So far, many factors have been
included in the attempts to account for any possible confounding factor. At present, the interpretation of the huge amount of
evidence for this effect has resulted in a belief that it is a true
effect of alcohol.
The mechanism has so far not been revealed, and it may be
suspected that some hitherto undiscovered confounding variable may be discovered. At present, the scientific knowledge on
this subject has disseminated into the general population with
the concept that it is healthy to drink just a little every day.

Appearance and social life of an alcoholic
The classic picture of an alcoholic can be found in literature,
for instance in the novels of Charles Dickens, as that of an
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undernourished vagrant living in the street. This may still hold
true in some respects, and this type of alcoholic may still be
seen in an urban environment. However, in Western societies
with increasing welfare, access to alcohol has been easier as the
increase in prices is less than the increase in salaries. There is
also a tendency for recruitment of alcoholics in the upper
circles. A person with a well-paid job and a stable family life
can conceal his or her alcohol abuse for longer than the lower
social classes. Thus, the social consequences may be obvious
much later when work is neglected, the relations with family
members and friends are deteriorating, the job is lost and there
are consequences for the daily life and income.
The social life is deteriorating; the alcoholic does not show
up for meetings, does not fulfil contracts or promises as the
alcohol intake will play an increasing role in his or her life. The
alcoholic will do anything possible to conceal the fact that he
or she is dependent on alcohol, and the bottle in the drawer in
the office will be kept secret as long as possible. One of the
symptoms that may be observed in the workplace will be the
smell of alcohol or the constant smell of chewing gum, bonbons
or perfume to hide the alcohol smell. Also the alcoholic will
often need time for the intake of alcohol if faced with a demand,
a challenging meeting or other efforts that are supposed to be
lived up to.
Investigations of alcoholics who come to a medicolegal
autopsy show that they have more traumatic lesions than
others, but not due to deliberate violence, rather because of falls
and unstable balance. Alcoholics are significantly more often
slightly undernourished (Thomsen and Albrektsen 1995).

32.4.6 Death due to natural causes
Effects of alcohol on metabolism
Alcohol has profound but not always easily detectable effects
on metabolism (Table 32.2). Some of the effects have been
Table 32.2 Metabolic effects of alcohol.
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measured in experimental conditions. A lot of them are known
from clinical experience, and some are even known in forensic
postmortem work. Ethyl alcohol has an effect on water and
electrolytes. It will increase urine production due to an inhibitory effect on the secretion of antidiuretic hormone from the
pituitary gland. Water loss is difficult to measure postmortem
as so we do not have a method to measure the water content of
a body. The same may be said about electrolytes. We know that
alcohol has an effect on electrolytes, an effect that is not well
known. Beer drinkers may develop a low sodium concentration
that may be life threatening. Also, other electrolytes such as
magnesium may be influenced by alcohol intake, but the concentrations of electrolytes at the time of death will soon after
death be impossible to estimate as electrolytes will diffuse in
and out of the cell membranes, establishing an equilibrium.
There is no doubt that the replacement of food with alcohol
has an impact on the organism that is so far unknown in detail.

Vitamin deficiencies
In most countries, they do not add vitamin to beer. And as beer
is sparse with reference to most of the vitamins, many alcoholics
will suffer vitamin deficiencies, especially if they are in social
conditions with no regular healthy food. The content of vitamins may have a place in forensic autopsies, especially the B
vitamins, but as the analyses are difficult and as they do not have
a direct relevance to the cause of death, it is found unnecessary
to try. Focus is often on the vitamin B1 (thiamine). Thiamine
deficiency may cause major brain disturbance or fatalities or
even an alcoholic psychosis (Wernicke–Korsakoff syndrome).

Wernicke–Korsakoff syndrome
Wernicke–Korsakoff syndrome is a neurological state caused by
thiamine (vitamin B1) deficiency. Korsakoff ’s psychosis will
show symptoms of amnesia, both anterograde and retrograde
and confabulation so that it is difficult to achieve a sensible
reply to questions. Korsakoff ’s syndrome will often, like in Wernicke’s encephalopathy, reveal pathological lesions in the mammillary bodies. In Wernicke patients, there will usually be
nystagmus, paresis, especially of the eye muscles, and mental
confusion.
It is rare to find Wernicke–Korsakoff syndrome as the single
cause of death. They may develop cerebral oedema, and there
will usually be other metabolic disturbances and liver disease
to explain the cause of death.

Effect

Mechanism of
alcohol effect

Vitamin
deficiencies

Low concentrations
B1, B12, folate A

Decreased intake,
absorption, etc.

Glucose

Metabolism inhibited

Toxic

Lipids

Increased levels of high
density lipoprotein
and triglycerides

Toxic

Electrolytes
and minerals

Influence on levels of
sodium, calcium and
magnesium

Toxic

Water balance

Inhibition of
antidiuretic hormone

Toxic

Alcoholic ketoacidosis

Malnutrition

Pancreatitis

Toxic

The so-called fatty liver death has been known for many years.
It represents typically an alcoholic who goes on a binge and

Pontine myelinolysis
See Fig. 32.6.
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(a)

(b)

Figure 32.6 Photograph of the pons from a 35-year-old woman with pontine myelinosis. (a) The pons after fixation, showing a
ring-shaped area with loss of myelin. After a period of heavy alcohol intake, she had stopped drinking only 3 days before death. An
antemortem laboratory test showed a high sodium concentration in the blood. (b) Myelin sheath staining of the pons. Courtesy of Ingrid
Bayer Kristensen.

decides to end drinking abruptly. Soon after that, he is found
dead, for instance peacefully lying in bed. At the forensic postmortem, a fatty liver is found and usually no other pathological
lesions. This entity was a puzzle for many years with a number
of unsubstantiated hypotheses explaining the cause of death. As
ethyl alcohol has a profound influence on the metabolism at
different levels, speculations have concentrated on the metabolic effects including hypoglycaemia and electrolyte disturbances. These explanations were difficult or impossible to
substantiate in practice, and it was only when looking at the
lipid metabolism that a likely mechanism of death was found
for these fatty liver deaths. When alcohol is metabolised, it
produces nicotinamide adenine dinucleotide (NADH) which
will inhibit the metabolism of fatty acids and will accumulate
fat. When the alcoholic stops drinking, the abundance of fatty
acids will be metabolised into acetyl coenzyme A (acetyl-CoA),
resulting in an overload of the citric acid cycle (Krebs’ cycle).
The metabolism will therefore find an alternative pathway
creating ketone bodies, acetic acid aldehyde, acetone and
β-hydroxybutyrate acid. As this happens, it will result in acidosis, the so-called alcoholic ketoacidosis. This mechanism may
not be understood in detail as the acidosis is not very pronounced and may be an indicator of some other fatal metabolic
disturbance.
Alcoholic ketoacidosis as a cause of death was first described
in 1993 by J. L. Thomsen (Thomsen et al. 1993). It was, however,
known in clinical practice many years before as Dillon et al.
published cases as early as 1940. In clinical practice, alcoholic
ketoacidosis has not been taken seriously as a cause of death as
patients only need a glucose drip before they become well and
conscious and able to leave hospital. It must be emphasised that
one of the differential diagnoses is thiamine deficiency, and it
may prove disastrous to install a glucose drip without thiamine
in a thiamine deficient alcoholic.

The symptoms of alcoholic ketoacidosis are not very specific. Usually, the patient will experience abdominal pain and
gradually lose consciousness.
There are still many unknown factors in alcoholic ketoacidosis. It has, for instance, been shown that although it is an
effect of withdrawal, the deceased may still have an alcohol
concentration, even in some cases higher than 1‰. In a few
cases, it has also been demonstrated that you may die with very
high ketone body concentrations without a fatty liver. The differential diagnosis is firstly diabetic coma and if only considering ketone body concentrations, an indication of alcoholic
ketoacidosis may be the very high β-hydroxybutyrate concentrations as in diabetic coma, especially as the acetone concentrations are elevated. Also in diabetic coma there are other
parameters to take into consideration such as the Armani–
Epstein phenomenon (Thomsen and Hansen 2000), glycated
haemoglobin, and so on. The total level of ketone body concentrations does not differ in these two conditions (Fig. 32.7).

Liver
As ethyl alcohol is a toxic substance, although with pleasant side
effects, and it is only metabolised in the liver, it is not surprising
that the best known common toxic effect of alcohol is in the
liver.

Fatty degeneration of the liver
In Western societies, the intake of ethyl alcohol is the most
frequent causative factor for the development of fatty liver.
Studies have shown that only a couple of days’ intensive intake
of alcohol will result in fatty degeneration of the liver, at least
at the microscopic level. The liver will show ballooning of liver
cells, often with the intact nucleus pushed aside, lying as a brim
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Figure 32.7 Krebs’ cycle and ketone bodies.

along the periphery of the cell. This is a degenerative state, but
the liver cell is still vital. If the individual stops drinking, the
degeneration is reversible, and the liver will come back to
normal usually in a few weeks. The fatty liver is easy to recognise microscopically as the fat due to the histology procedures,
including treatment with high concentrations of alcohol, will
show empty spaces instead of fat. If a positive staining of the
fat is desired, a cryosection will have to be performed followed
by staining with lipid stains such as oil red O or Sudan red.
Macroscopically, it is much more difficult to recognise a fatty
liver. If the fatty degeneration is very pronounced, the liver will
be enlarged with a thick edge, and the liver will have a waxy
light appearance. It is well known that macroscopically both
false positives and false negatives are frequent, and the diagnosis of fatty liver at the autopsy table is difficult.
In the liver, there may be small lipid necroses not visible to
the naked eye from bursting of individual liver cells with a
resulting small inflammatory reaction.
There are other causative factors for the development of
fatty liver, and in Western societies diabetes is the most frequent. It is also seen in hunger cases and, in babies and toddlers,
it is seen in Reye’s syndrome. It has even been described as a
normal phenomenon to find microscopic fatty degeneration in
young babies.
The finding of fatty liver in itself is an indication of disease
and/or alcohol abuse. Some toxic substances may also cause
fatty degeneration, for instance polyvinyl chloride (PVC) and
chloroform, but the fatty liver in itself is not lethal, and there
are many examples of individuals with pronounced fatty degeneration who have survived and recovered completely with a
normal liver in the end.

Alcoholic hepatitis
This condition is usually a precondition for fibrosis and cirrhosis of the liver. It is often developing in a steatotic liver with
the microscopic lesions of Mallory bodies, ballooning and
inflammatory reaction. The symptoms may be serious, includ-

Figure 32.8 Micrograph of liver cirrhosis with fatty
degeneration.

ing jaundice and ascites, and the condition may be life threatening and in rare cases cause death due to liver failure.

Fibrosis and cirrhosis of the liver
Fatty degeneration of the liver (Fig. 32.8) is usually reversible,
but when fibrosis and cirrhosis of the liver have developed they
are usually non-reversible.
The disease development may be halted if the alcoholic stops
drinking. There are many factors, partly unknown, in the development of alcoholic liver disease. It is a well-known fact that
the daily intake of alcohol and the duration of alcoholism do
not predict the liver lesions in a predictable way. It is probably
dependent on the pattern of drinking, genetic and ethnic differences and the available enzymes for the metabolism of
alcohol. Fibrosis of the liver is usually not in itself a cause of
death until it has developed into cirrhosis of the liver with
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changing of the microscopic liver structure and the development of a nodular pattern.

Cirrhotic liver as a cause of death
As the nodular liver has developed, the circulation in the liver
will suffer. There will be an increased blood pressure in the
portal system which will spread in the retrograde direction
through the connections to the small veins around the stomach
and oesophagus. There is also a connection to the veins around
the umbilicus which may become dilated, demonstrating the
so-called caput medusae. When the pressure rises in the venae
gastricae breves, they will dilate and become vulnerable, the
so-called varices of the oesophagus, and bleeding from these
varices is difficult to stop and has a high mortality. The cirrhotic
liver will also cause the formation of ascites and disturbed
metabolism of hormones including corticosteroids, and as corticosteroids for the regulation of electrolytes are increased in
concentration, this will add to the ascites formation. Also oestrogens are insufficiently metabolised causing feminisation
with growth of the breasts and decreased testicular size.
The ascites will in itself usually not be a cause of death, but
the electrolyte disturbance may be fatal and as an end stage the
alcoholic may die from liver failure. It is not infrequent that
alcoholics with cirrhosis of the liver will be admitted to hospital
and readmitted again and again before dying of liver failure. In
Western countries malignant liver tumours (i.e. hepatocellular
carcinoma, hepatoma) develop in cirrhotic livers while in other
countries hepatomas may be more frequent and not developing
in cirrhotic livers.

inhibition by alcohol. An increased frequency of lobar pneumonia is also seen in splenectomised patients. The symptoms
of lobar pneumonia may imitate the flu. The alcoholic may
show up at the physician, complaining of diffused pain and
general unease and if the physician does not think of pneumonia and is not performing a thorough lung examination, the
pneumonia may be overlooked and fatal. At the postmortem,
the pneumonia is seen in one or more lobes and usually in the
red stage or passing into the grey stage.

Bronchopneumonia
Bronchopneumonia is probably more frequent in alcoholics
than in the general population, but this may not be directly
associated with the intake of alcohol; rather it is associated
factors such as smoking and general lifestyle with insufficient
intake of food that is the cause.

Tuberculosis
In most Western countries, the fight against tuberculosis was
successful during the 20th century. The antituberculosis drugs
together with the improvement of social conditions and the
state of nutrition were important factors for this success.
However, as the alcoholic is living an unstable life with bad
social conditions, he or she still runs the risk of tuberculosis
(Lönnroth et al. 2008). Miliary tuberculosis is rarely seen, and
the cause of death is usually the general condition or bleeding
from cavernous tuberculosis.

Pancreatitis

Cardiovascular system

Ethyl alcohol has a toxic effect on the pancreas. The effect may
have the ducts as targets so that the ducts will leak pancreatic
fluid with high concentration of, for example, proteolytic
enzymes. This will cause a very painful inflammatory reaction.
In most cases, the pancreatitis will heal, sometimes with the
remains of lipid necrosis (stearin). Alcoholics may have repeated
incidences of pancreatitis, but pancreatitis in itself is not a
frequent cause of death. When dying from this disease, the
postmortem will usually reveal a haemorrhagic pancreatitis.

It is an old experience in forensic medicine that the vagrant
with massive alcohol abuse has ‘clean’ arteries. This observation
has been confirmed in many studies during the last 30 years. It
has been shown that the degree of atherosclerosis and the associated complications are much less frequent in alcoholics than
in the general population.

Airways
Alcoholics may develop a chronic obstructive lung disease, but
this is not due to a toxic effect of alcohol in itself, but rather to
smoking leaving alcoholism as a confounding factor. Likewise
there is no indication that alcohol is a causative factor for the
development of bronchogenic carcinoma.

Lobar pneumonia
Lobar pneumonia is often caused by Streptococcus pneumoniae
(pneumococcae). It is believed that this is due to some immune

Heart
The effect of alcohol on the heart is a controversial issue. There
is no doubt that ethyl alcohol does have an effect on the heart,
for instance by inhibiting the output of the left ventricle. It is
also known that the intake of alcohol, even in small amounts,
after a few months will result in increased blood pressure. The
controversial issue is if alcohol does induce cardiomyopathy per
se or if the effect is only reversible and will disappear if the
individual stops drinking. It has been known in sports circles
that the intake of alcohol will improve performance as alcohol
decreases the sense of fatigue. There is no scientific evidence for
this concept. On the contrary, the inhibiting effect of alcohol
on the left ventricle will increase the heart rhythm and pose a
danger for the performer.

CHAPTER 32   SPECIAL ISSUES REGARDING EXPERT EVIDENCE IN VIOLENT DEATH

573

Vessels

Hanging

Ethyl alcohol has a dilatation effect on the vessels. It may have
a thrombus inhibiting effect as thromboembolism from the
deep veins is only rarely seen in alcoholics.
It has become a well-known fact that ethyl alcohol has an
inhibitory effect on the development of atherosclerosis. Thus,
mortality for the individual is lowest with the intake of one to
two glasses of wine each day. Everything points to a continuous
effect with the intake of more units of alcohol, but although the
effect on atherosclerosis will increase, other alcohol related
causes of death will also increase, and the result is an increased
mortality. The mechanism for the inhibition of atherosclerosis
is not known in any details. Contrary to this is the dilatation
effect of alcohol making the alcoholic more susceptible to
intracranial haematomas and even berry aneurysms will have
a tendency to rupture when the individual is under the influence of alcohol.

It is an obligation of the police who admit an individual into
detention to see to that he or she does not have shoelaces, belt
or other items that may be used for self-harm. Nevertheless,
hangings do occur in detention, and it is impossible to prevent
them totally as the detainee may create straps from the shirt or
trousers.

Cancer
There is no doubt that alcoholics run a greater risk of developing cancer. This is better known for some types of cancer than
others. Especially cancer of the larynx and the oesophagus are
known to occur almost exclusively in alcoholics. One should,
however, consider the possibility of confounders such as lifestyle and smoking. Even other cancers like in the pharynx,
stomach and pancreas are more frequent in alcoholics.
Alcoholics may die from their cancer due to bronchopneumonia, haemorrhages from a lung cancer, amongst others.

32.4.7 Non-natural deaths
Death in detention
If an individual is found so drunk or under the influence of
drugs or narcotics to a degree by which he or she is not able to
take care of themselves, or they are a danger to themselves or
other people, then the police have the right and obligation to
take this individual into custody. In most cases, it may be
regarded as protective custody for the individual’s own sake, but
it may be combined with criminal charges. It has been a longstanding issue of debate how to manage these people. In some
countries, they have created centres of detention to which all
the individuals are transported and having the possibility of
medical supervision and treatment together with the police
supervision. The idea is to prevent deaths in this category as it
has been long known that people who were taken into detention for named reasons have a high mortality. It is seen as an
obligation of society to protect those taken into custody. It
usually creates much attention when a person dies in detention.
In some countries, the authorities have decided that every one
of the detainees must be examined by a physician which will
limit, but not totally exclude, the number of fatalities.
The causes of death in alcoholics may vary as follows.

Intoxication
Intoxication is still seen as one of the causes of death in detention. If an individual is observed to be so intoxicated that there
is a risk to his or her life, then they should immediately be
admitted to hospital. However, this is not always obvious and
especially if the detainee has taken alcohol or drugs shortly
before being taken in, the effect of the intake will not be obvious
until later. In some countries, the police have video supervision
of the detention cells, but this is no guarantee as it is difficult
to observe how deep a person is sleeping, it is expensive and
thus not feasible for many countries, and there is a limit to the
nursing obligations of the police.

Subdural haematoma
Subdural haematoma is the classic lesion among alcoholics. The
detainee may have been found semi-conscious in the street, and
it is difficult to distinguish between the influence of alcohol and
the symptoms of a subdural haematoma. One of the signs that
should arouse suspicion of an intracranial haematoma is a difference in the size of the pupils. Also the blood pressure and
the pulse must be observed. It is a good idea to test the alcohol
concentration in a breathalyser to see if the influence of alcohol
alone may explain the condition of the detainee.

Other
Homicide is rarely seen in detention, depending on if the
detainees are isolated or in larger cells together.
During recent years, excited delirium has been more frequent and sometimes occurs in detention. It is more frequent
in cocaine or amphetamine abusers, but some reports have
suspected that even alcohol intoxication may lead to excited
delirium. Death due to natural causes may also happen in
detention.

Scene examination of a suspicious death of
an alcoholic
Alcoholics may be found dead indoors or outdoors, depending
on their social life and the cause of death. When examining a
scene with an alcoholic, it must be performed as thoroughly as
in any other case. It may not be known before the examination
that this is a case of an alcoholic, but it may be obvious from
the scene. Thus an alcoholic’s habitation will usually not be very
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Figure 32.9 Alcoholic victim of smoking in bed.

orderly or clean. On the contrary, the flat or house may be full
of garbage, old food cans and newspapers spread around the
habitation. There may be a multitude of empty bottles. These
have often contained cheap wine consumed in large quantities.
In rare cases, one may suspect alcoholic ketoacidosis as the
cause of death if for some reason there are no empty bottles.
If there is blood near the alcoholic or, for instance, on his or
her head, it must be considered carefully if there are any tools,
lamps, and so on, that may have been used to strike the deceased.
It is not unusual for an alcoholic to die from bleeding varicose
veins in the oesophagus, and in such cases the police have
usually been notified because of all the blood. There may be
blood spatter around the deceased, and he or she will often have
taken refuge in the bathroom, and bloodstains may be seen
along the path to the bathroom. The diagnosis of bleeding
varicose veins should only be used as a working hypothesis as
it is impossible to establish for certain at the scene, and medicolegal autopsy should follow immediately after the examination. There may be signs of a struggle, but it must be remembered
that the alcoholics in their last minutes or hours may have
fallen, pushed the furniture, and so on, because of the drunken
state or because of gradual loss of consciousness, and this may
raise suspicion of a struggle with another person. Alcoholics
have a higher frequency of suicide, and a careful search should
be made for the presence of suicide notes.

Fires/smoking in bed
As alcoholics are usually smoking and as they are often sleepy
or semi-conscious due to the intake of alcohol, they may start
a fire. Thus, alcoholics die frequently due to smoking in bed

(Fig. 32.9). They fall asleep, and the cigarette is dropped on the
bedclothes. The alcoholic may not wake until the bed and the
room are on fire and then it is often too late as the carbon
monoxide concentration will increase very rapidly. The victim
may be found in bed, but it is not unusual that he or she will
get out of bed trying to escape and then may be found in the
same room or even on the way out of the exit door.
Carbon monoxide develops very quickly and is lethal in even
very small concentrations. The alcoholic may have been burned,
or may have managed to escape the flames before dying of
carbon monoxide intoxication. When examining victims of fire,
it is important to measure the carbon monoxide concentration
in the blood to see if there are soot particles in the small bronchi
indicating that the victim was alive during the fire. As perpetrators of homicide may try to conceal the deed, they may set the
crime scene on fire. There should as a general rule be an autopsy
performed in each case of burning. Alcoholics may also die due
to indoor equipment, and various burning equipment can
develop carbon monoxide such as grills. If the alcoholic wants
to have grilled meat or just wanted to heat the room by using
a grill, the oxygen in the room may quickly be consumed.

Exposure
As alcohol has an effect on the vessels including dilatation
of the vessels in the periphery, they will be more sensitive to
cold. A typical scenario is an alcoholic going home from the
pub in wintertime, and on the way home falls asleep in the snow
and is later found dead. The environmental temperature is not
necessarily very low as a prolonged sleep of an alcoholic may
cause his death anyway. At the postmortem there will usually
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be a remaining alcohol concentration and typical signs of exposure such as reddish areas on the skin and stress ulcers in the
stomach mucosa. It may also happen in alcoholics who are in
a road traffic accident and remain unconscious in the car or
otherwise.

Falls from a height
It is not very common that alcoholics jump from high buildings
on purpose. In fact, they do not seem to do that with a higher
frequency than non-alcoholics with suicide intent. It would be
expected that alcoholics due to their state of intoxication may
stumble and fall from high places, and this does happen, but
for some reason is not very common. Alcoholics do rarely
become psychotic like abusers of hallucinogens such as lysergic
acid diethylamide (LSD) in which case the abuser may sometimes believe that they can fly.
In a state of alcohol intoxication young men may want to
demonstrate courage and may climb high railings or towers and
may fall down and die, but these are usually young people who
do not have a chronic alcohol abuse, but only incidental alcohol
intoxication.

Other falls
It is one of the dangers of an alcoholic that they can fall over
from a standing position if they stumble or suddenly lose consciousness. In that fall, the alcoholic may sustain lethal injuries
and a classic injury is the subdural haematoma. The alcoholic
may lie in the street in a semi-conscious state and will often be
seen as intoxicated, and he or she may be, but it may be combined with a subdural haematoma. These haematomas are not
always recent. They may develop during hours, days or even
weeks which make the diagnosis difficult if there is no knowledge of a fall. It is a challenge for the examining physician when
called to an alcoholic in custody to see the difference between
intoxication and brain damage.
At the postmortem, the alcoholic will often show signs of a
fall on the back of the head with haematoma in the soft parts
over the occiput and contre-coup lesions in the frontal lobes.
An alcoholic may also sustain a subdural haematoma or other
types of intracranial haematomas from physical assaults from
other persons and any other type of physical trauma that may
occur.
There is no doubt that alcoholics have an increased frequency of falls. They also bump into things they pass as they
are under the influence of alcohol and not able to control their
staggering walk or to judge distances correctly. This is reflected
in the postmortems of alcoholics as they very often have haematomas, bruises (Fig. 32.10), contusions and excoriations
without a distinct pattern. The lesions may be scattered all over
the body, and it is a frequent phenomenon that the police will
suspect violence from other people due to the many traumatic
lesions. So how does the forensic pathologist distinguish

Figure 32.10 A 55-year-old female alcoholic with multiple
bruising.

between lesions resulting from attacks and fights and those
resulting from the incapacitation of the alcoholic? The answer
is that this is not always possible. If there is a pattern of traumatic lesions concentrated in the face and head, then the suspicion of violence becomes stronger and especially if the
deceased alcoholic also has signs of defence or even abrasions
on the knuckles showing that he or she has been in a fight.
In the vast majority of cases, the lesions have different ages
and are located in areas such as the hips that are easily bumped
into. It is typical of bumping into furniture such as chairs and
tables, but still we can usually not totally exclude violence
though we can give a good measure of probability against it.
This is important if the traumatic lesions have been fatal.
A special and difficult problem arises if the deceased has
fallen on the back of the head with a contusion wound on
the occipital protuberance together with intracranial lesions
including contre-coup in the frontal lobes. In such cases, the
lesions were due to a fall, but it cannot be specified what caused
the fall. The alcoholic may have a black eye, and a blow with
the fist may have caused him or her to fall on the back of the
head sustaining the lethal lesions.
Due to falls, alcoholics may suffer intracranial haematomas,
rib fractures with haemothorax or pneumothorax, pubic fractures or other fractures immobilising them and resulting in
pneumonia or pulmonary emboli although the latter is not very
frequent in alcoholics. In such dubious cases, toxicology analyses are a must to determine the circumstances of death.

Bolus
A bolus is an obstructing element in the airways, usually at the
entrance of the larynx stuck in aditus just below the epiglottis
(Fig. 32.11). It happens in situations where the nerve reflexes
are inhibited such as in alcohol intoxication. It may also happen
in neurological deaths, and inhibition of the swallowing reflexes
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Case example 1

Figure 32.11 Alcoholic who died heavily intoxicated with alcohol.
A bolus consisting of a large vegetable is seen at the entrance
to the larynx (arrow). Courtesy of Ib Jensen.

is one factor. Another factor may be a hastened intake of food
that is not taken in small bites. The bolus often consists of meat,
chicken or beef. It is called café coronary because it usually
happens during dinner with intake of abundant amounts of
alcohol. When the bolus is in the larynx, the victims will often
get half out of the chair, grab themselves around the throat and
become cyanosed. It may therefore be seen as myocardial infarction. The treatment is rather easy as the Heimlich manoeuvre is all that is required. Also, individuals such as drug addicts
may suffer a bolus death.

Alcoholics in road traffic
Intake of alcohol and road traffic do not go well together.
There are so many dangers in road traffic that people under the
influence of alcohol should rather stay indoors. This is true for
all categories in traffic such as pedestrians, bicycle riders,
motorcycle riders, car drivers, lorry drivers, bus drivers, train
drivers, pilots, captains on ships, and so on. In Western societies, the law has defined rather heavy punishments if driving
under the influence of alcohol whereby exposing not only
oneself, but also others to danger. Many alcoholics still maintain the right to drive a vehicle, and it is estimated, for instance
in Denmark, that in 25% of all serious road traffic accidents
alcohol is of significance. These are not all alcoholics. From the
point of view of taking blood samples from car drivers suspected of having driven under the influence of alcohol, it is
obvious that there is an over-representation of alcoholics and
people who are about to take the first step into alcoholism. This
may often be due to circumstances in social life such as loss of
occupation, divorce, death in the family, and so on. Campaigns
against driving under the influence of alcohol only seem to have
a brief preventive effect. When the alcoholic is the victim of a
road traffic accident, he or she is probably more susceptible
because of their weakened resistance to trauma, pneumonia,
amongst others.

A 52-year-old man, who was a heavy alcohol abuser, suffered
from asthma and had recently been bedridden because of diarrhoea. When he went to the toilet in the evening, he fell, but did
not lose consciousness. He complained of respiratory problems,
and the wife called an ambulance on the suspicion of an asthma
attack. During transport to the hospital, he suddenly had a large
haematemesis, lost consciousness and died shortly after. The
autopsy showed ruptured oesophageal varices due to micro
nodular cirrhosis of the liver that also showed extreme steatosis.
The cirrhosis of the liver had not been diagnosed and apart from
fatigue once in a while together with his asthma, he was thought
of as a healthy man. There was only slight atherosclerosis of the
coronary arteries and the aorta; the lungs were normal without
any sign of allergic reaction and there were no mucus plugs in
the bronchi.

Case example 2
A 48-year-old woman had been an alcohol abuser for years. Four
days before death, she complained of stinging pain in one flank
synchronous with respiration movements. She had been coughing for some time. She was examined by her physician who said
that she had the flu. There was at the time an ongoing epidemic
of flu. The symptoms worsened, and after a couple of days she
was found dead early in the morning by her husband. She was
lying on the floor of the bathroom with her trousers taken down
to knee level. A forensic postmortem was performed. Toxicology
showed an alcohol concentration of 0.25‰.
Microbiology examinations showed an abundance of pneumococci (Streptococcus pneumoniae). The lungs were congested
with fibrin on the surfaces. Especially the left lower lobe was firm
and reddish-greyish in colour. Microscopy revealed extensive
pneumonia in the left lower lobe in the red stage on its way to
becoming greyish (Fig. 32.12). The cause of death: lobar pneumonia with alcoholism as an underlying precondition.
This case illustrates the danger of diagnosing flu without
stethoscope auscultation of the lungs. This is especially important in alcoholics who nowadays typically acquire lobar pneumonia just as the splenectomised patients.

Figure 32.12 Lobar pneumonia in an alcoholic.
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Case example 3
A 40-year-old man had a massive abuse of ethyl alcohol. For this
reason, his girlfriend had stopped the relationship although they
met once in a while as she still felt responsible for him. On a
Wednesday, she lent him her car, and he dropped her off at work.
During the day, he called her several times to tell her his whereabouts. His speech became more and more slurred, and it was her
impression that he became more and more confused. She related
his condition to the fact that he had not been drinking alcohol
for a few days, and she had a suspicion of incipient alcoholic
dementia. In one of his phone calls, he told her that he was to
pick up a friend and as he did not deliver the car, she phoned
him. He picked up the phone, but seemed disturbed, and now he
informed her that he was on his way to a bachelor party. This
was a surprise and therefore she called his friend who told her
that he had not heard of any bachelor party. Later he showed up
at her address in a taxi with a bicycle that did not belong to him.
He was not able to remember the last couple of hours and only
had a remote recollection of parking the car in a forest. At 6.30
p.m. he insisted on taking the bicycle to look for the car and off
he went. At 7.30 he phoned her, telling her that he was at the
small chapel in the forest, but the car had gone. Later he told
her that he was at a small restaurant, and his girlfriend went with
one of her friends to pick him up. When they came to the restaurant, however, he was not there, but on the phone he told her
that he was standing 10 meters from her, but was not to be seen.
After this, he was not heard of, and the next day his friend found
his bicycle in the forest by a lake. Now, witnesses could inform
the police that a man had been seen shouting in a state of confusion, throwing his jacket around.
At 2.45 p.m. on Friday, he was found lying on his back with
his arms spread out, the trousers were unbuttoned, and not far
away his jacket was found, and in another location not far away
his shoe, hat and sweater were found. The autopsy showed a man
neither obese nor emaciated. He had several recent excoriations
and haematomas on the face, on the arms, the body and the legs.
They were all rather recent, and none of them could have caused
his death. They were seen as stumbling lesions.
The internal examination revealed oedema of the brain, a
moderate fatty liver and ischaemic kidney lesions. A lipid stain
cryosection of the kidneys showed a small amount of lipid
present in the proximal tubules. There were no signs of a fully
developed Armani–Epstein phenomenon. The alcohol analysis in
the blood showed nil, and there were no drugs. However, in the
blood there was a total ketone body concentration of 7000 μmol/L
(the sum of acetoacetate, acetone and 3-hydroxybutyrate).
There were traces of ibuprofen and paracetamol.
Conclusion: death was due to alcoholic ketoacidosis. The
many lesions must have been due to falls and stumbling in a
confused state of mind. This is a typical example although some
of the victims of ketoacidosis sometimes have been lying quietly
in their bed before being found dead.

32.4.8 Manner of death
There is a decision in medical statistics that if death is due to
the long-term effects of alcohol then it is classified as a natural
death. For instance, dying from bleeding oesophagus varices,
pancreatitis or hepatic coma is natural. It may be argued that
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this type of death may be suicidal as people are now so enlightened about the risks of dying from chronic alcohol abuse. It
may also be argued that it is an accident if the individual is
drinking, not being aware or concerned about the physical consequences, and dies. Finally, some people may claim that it is
homicide if alcohol is always served to the chronic alcohol
abuser. The typical accident is the fall with a subsequent subdural haematoma, and the suicide is committed in various
ways. In Western societies, intoxication with drugs or hanging
are the more frequent. The alcoholic will often be under the
influence of alcohol when he or she commits suicide, and they
may die from a combined intoxication of alcohol and drugs. In
such cases, it may be difficult to distinguish between accident
and suicide and if there is no suicide note, then refuge must be
taken to what is known about the alcoholic and had been said
in the last part of his or her life. Alcoholics do have a higher
frequency of depression, but it is not known if the depression
is a consequence of the abuse or the individual is drinking
because of a depressive mind. Though there is an overrepresentation of alcoholics among suicides, accidents and
homicides, most of the deaths by far in alcoholics are natural.
They are natural, not only due to the direct consequences of
alcohol in the liver and so on, but also in the case of lung cancer
due to smoking, other cancers, lobar pneumonia, etc.
Alcoholics do often get into a brawl and may end up as a
homicide victim or as the perpetrator.

32.5 Death due to drug addiction
Jørgen L. Thomsen and
Martin Worm-Leonhard

32.5.1 Legislation
Legislation on drug addiction carries heavy penalties, at least in
Western societies. Even first time offenders will risk a long
prison sentence, and in some countries like Singapore, China
and Malaysia trading with narcotics may lead to the death
penalty. Especially opiates, cocaine and amphetamine are
looked upon very seriously. In most Western countries it is
prohibited by law even to possess a narcotic for own use. It is
also prohibited to import or export, to sell or buy narcotics. As
there are many consumers in Western countries, this restrictive
legislation has resulted in an illegal market with high financial
profits and high risks if caught. The high stakes and the enormous sums that may be earned by trading have infiltrated
society in the form of mafia-like crime syndicates who need to
‘whitewash’ the money and invest in the values of society. It has
also led to gang fights, and it is not rare even in ‘peaceful’
Western societies to have drug-related homicides. There are
many victims of this type of crime.
At the bottom of it all are the poor drug addicts who for
some reason have been dependent on a narcotic. If the treatment of these victims was successful, then the market would
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shrink, and crime would be reduced considerably. It is, however,
difficult to treat the common drug addict as it is not possible
to remove all narcotics from the market. There is an international industry of production around the world, especially in
remote places with difficult access from the authorities. There
is the ‘golden triangle’ in Northern Burma and the ‘golden
crescent’ in the Afghanistan area, producing heroin and other
opiates. Cocaine originates especially from South America.
There is a dilemma for the legislators in that the harder the
penalty, the higher the profits from the illegal trade. Alternatively, there must be penalties for these crimes, keeping young
people in ‘drug slavery’, and compromise has been formed very
differently worldwide, also reflecting each country’s situation
and the possibilities of the health system helping the drug
addicts.

32.5.2 ‘Classic’ drug addiction
Drug addiction has been known in every society at all times.
The attitude towards the addiction has been very different as
some societies have been tolerant. In South American countries
the chewing of cocaine leaves is widespread, and in African
countries the chewing of khat containing weak amphetaminetype stimulants such as cathinones is also widespread. For
several hundred years, opium addicts have been known in India
where they were accepted and it was known by the society that
there were opium dens where people could seek refuge and
smoke opium. In Western societies, the use of narcotics have
usually been regulated and prohibited by law. The only people
with legal access to the use of narcotics would be physicians
who could administer opiates to patients if necessary. In many
countries, even this access to opiates was regulated and controlled in such a way that the authorities would monitor administration of drugs and if a physician had been prescribing large
quantities of morphine for instance, he or she would be contacted by the health authorities to explain the high consumption. The suspicion would be that either the doctor is selling
the drugs in the black market or has become an abuser.
It is also well known that some physicians are liberal in their
administration of drugs. They will have many patients, even in
old age, who have benzodiazepines prescribed and who create
an additional income by selling the drugs on the black market.
The classic start of drug abuse is a painful disease or trauma
in the muscles, bones, nerves or pains due to gallstones or
kidney stones. As these pains are very intense, the physician is
tempted to relieve the pain with narcotics, however, this medicine has an addictive potential. When the patient is over the
painful disease, he or she will remember the wonderful effect
of the drug and become addicted. Up until the increase in drug
addiction among young people from the late 1960s, such
chronic drug abusers were known by any practitioner. They
usually had a ‘chronic’ appearance; they were meagre and had
lost their appetite as the abuse was their only interest. They
would sometimes present themselves in the consultation with

Figure 32.13 Multiple scarring following boils due to drug
injections made directly into the subcutis.

abscess formation in the extremities, especially if they were
injecting the drug (Fig. 32.13). There would be a shorter life
expectancy and often they would die from bronchopneumonia
due to the inhibitory effect on respiration by opiates. They were
not the easiest of patients as they would still complain of pains
from the original disease even if they had been cured.

32.5.3 Drug addicts in Western countries:
development post-1960s
The life of a drug addict is very much focused on his or her
addiction. After a short time of abuse, the addict will usually
lose his or her job and then has all the time to chase drugs. The
addict will very soon run out of money as the need for the drug
will increase, doing anything to get hold of his drug; not only
will he crave the effect of the drug, he will also learn to fear
withdrawal symptoms. The addict will soon start a career in
crime and will steal anything available; a large percentage of
burglaries are done by drug addicts. The drug addict will not
be able to lead a normal life with a family. He or she will soon
disappoint the family as they do not keep appointments, and
will even start stealing from close relatives. A really ‘hooked’
drug addict cannot be trusted.

Withdrawal
A drug addict with withdrawal symptoms is a pitiful sight.
Desperate for the drug, withdrawal symptoms (e.g. due to
heroin) include sweating, fever, shakes, irritability, flow of
saliva, goose flesh, vomiting, diarrhoea and enlarged pupils. It
is important to realise that even in this pitiful state there is
usually no danger to life, and deaths due to withdrawal of
opiates are very rare and only happen in people who are weakened because of a heart condition or other serious diseases.
How do we recognise a drug addict under the influence of
opiates (e.g. heroin)? The addict will be calm with slurred
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speech and euphoric mood, the pupils will be small and he or
she may be confused and difficult to communicate with and
has shallow breathing (a rather late symptom). Death due to
heroin intoxication is very common, and it is a difficult task for
the physician to judge if the drug addict needs treatment (antidote Narcanti). A drug addict may become very angry by the
application of the antidote that will take away the effect of the
heroin.
The drug addict usually has frequent contacts with the social
authorities, may want financial help or may take part in a programme in a therapy centre.

32.5.4 Diseases in intravenous
drug abusers
As drug abusers are not too concerned with hygienic precautions, they often use needles that have been used by others
without any disinfection and thereby contagious diseases
may spread among drug abusers. The best known are the
various hepatitis types such as hepatitis B and C. Especially
hepatitis C has spread among drug abusers, and the prevalence
is now almost 51% (Christensen et al. 2006) in some countries.
Hepatitis may prove lethal, especially in the long run, with
the development of chronic hepatitis and in some cases cirrhosis of the liver. Hepatitis may even cause pancreatitis in
rare cases.
Human immunodeficiency virus (HIV) infection is also
spreading among drug abusers with infected needles. The HIVpositive drug addict may develop acquired immune deficiency
syndrome (AIDS), but as this disease is not immediately fatal
and the infected individual may stay alive for many years due
to modern treatment, the disease is not easily eradicated.
The prevalence of HIV in intravenous drug abusers in a
recent Danish survey (Christensen et al. 2006) is 4%. It is also
well known that drug abusers suffer from tuberculosis, and this
disease together with HIV and hepatitis necessitate precautions
in the postmortem work in order for the pathologist not to be
contaminated. These microorganisms may be contagious, even
some time after death. Infection from needles may cause other
types of infection such as endocarditis and especially endocarditis of the tricuspid valves is almost only ever seen in intravenous drug abusers (Fig. 32.14).
The intake of opiates will inhibit respiration, and drug
abusers will often acquire pneumonia when they have been
deeply asleep/unconscious due to the intake of heroin. Due to
their way of life they also suffer from other infections. They
have, for instance, abscess formations in the puncture wounds,
sometimes with the creation of fistulas, and may even bleed
seriously and in rare cases bleed to death from a puncture
wound.
As the drug abusers often live a life in crime, they may be
involved in violence and may become victims of homicide.
They are probably also over-represented in other types of
violent death such as road traffic accidents.

Figure 32.14 Endocarditis tricuspid valves in an intravenous
drug addict.

32.5.5 Body packers
As there is an extensive market for illegal drugs and as drugs in
small quantities may be sold at high prices, the market is very
attractive. As Western countries do not usually produce their
own illegal drugs, there is widespread smuggling across the
borders from countries where drugs may be cheaply acquired.
Drugs may be smuggled into countries by aeroplane, train,
boat, car, bicycle or whatever mean of transportation. The
authorities are on the constant lookout for drug routes. One of
the harbours through which drugs have been transported in
large quantities is Amsterdam. The Danish drug squad has had
police officers on the train from Amsterdam to Copenhagen
looking out for suspicious behaviour. If, for instance, a man or
woman insisted on standing on the entire tour from Amsterdam despite available seats, it would create a suspicion of smuggling drugs in the vagina and/or the rectum. A body packer is
a person who is transporting drugs in the body cavities – mouth
or even ears, vagina or rectum. He or she may also swallow large
quantities and transport them over the border, for instance on
a flight, in the gastrointestinal canal. It is evident that if one
package of drugs is ruptured inside the body, the person will
die immediately due to very high concentrations of the drug,
typically heroin or cocaine. This is known from a number of
cases. The drug may be smuggled in condoms or other containers. It is important in cases like these to examine the entire
gastrointestinal canal at autopsy.
In Denmark, the legislation allows exploration of body cavities by a physician if there is a suspicion against an individual.
The legislation also allows an X-ray examination for the detection of packages in the gastrointestinal canal. The individuals
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can be forced to cooperate, but in practice a person may refuse,
and he or she will be taken into detention for the examination
of stools. It is difficult to examine a person by X-ray against
their will as he or she will move and anaesthesia for this purpose
is not allowed. There is also a radiation danger, although negligible, in X-ray examinations of the abdomen.

Case example 4
A 52-year-old woman had been addicted to opiates for many
years. She was now in maintenance treatment with methadone.
She obtained from the centre for drug abuse seven bottles
of methadone per week, each containing 80 mL, and she was
supposed to administer the bottles herself. She was known to
have a massive alcohol abuse problem. She was found lying on
her couch a few hours after she was last seen alive. She was
lying on her back, covered by a blanket and wearing a T-shirt
and underpants. She had her glasses on. At the table by the bed
there was one empty bottle of methadone, and in her toilet bag
there was a bottle containing tramadol. This had not been prescribed by a physician. There were 60 empty beer bottles. The
autopsy showed several old puncture wounds in the cubital
fossa, the liver was firm, but not nodular, and there was only
slight atherosclerosis in the coronary arteries. The cause of
death was given as non-ascertained, and toxicology was performed. There was no alcohol in the blood, but a high concentration of methadone and also of tramadol. Apart from that there
were only low concentrations of paracetamol. Microscopy
showed an abundance of birefringent foreign bodies in the lungs
and the liver. The liver was fibrotic with high grade steatosis.
The cause of death was given as a combined intoxication of
methadone and tramadol.

Case example 5
A 26-year-old man was found dead in the toilet of an interregional train. He was identified initially with the help of a rucksack found in the toilet. The door was locked from the inside.
Around his arm there was a tourniquet, and there were remnants
of paper with powder on the floor. This was later shown to be
heroin. There was also a syringe and a needle containing small
remnants of blood. Help was immediately available, but the physician was not able to treat the patient successfully, not even
using a morphine antidote. The autopsy showed a large spleen
with the weight of 537 g. The lymph nodes in the hepatic port
were hyperplastic. There was severe aspiration of stomach contents to the airways. On the left forearm there was a recent
puncture wound. The toxicology analyses showed a lethal concentration of morphine in the blood and a concentration of methamphetamine that was not lethal in itself. Microscopy confirmed
aspiration of stomach contents in the small airways. There was
inflammation in the hepatic fibrotic tissue (i.e. the portal space),
and there was incipient cirrhosis of the liver. There was no
alcohol detected in the blood. The cause of death was intoxication with heroin, possibly with methamphetamine intoxication as
a contributory factor.

32.5.6 Scene examination in drug
addict deaths
There is no classic ‘staging’ of death in drug addicts. They may
die anywhere they happen to be, and not always in direct connection with the intake of drugs. Toilets in trains and toilets in
train stations have been popular places to take drugs as the
addicts do not always have their own home and as they may
buy the drug in the street and rush to take it. The authorities
have done a lot to try and stop the ‘toilet death’ by claiming a
fee for toilet visits, but this will only force the addict to find
another place. It is not unusual for the cleaning personnel to
find a locked door in the toilet early in the morning and when
forcing entry to the room, a drug addict is found, either sitting
backwards on the toilet or with his head between his legs or
even lying on the floor. It will often be obvious that this is a
case of drug addict death as there will be a tourniquet, needle
and a syringe with remnants of blood. Death in such a case with
the door locked from the inside will usually not create a suspicion of homicide, but thorough examination by the police with
the assistance of the forensic scientist is necessary to elucidate
the case and find traces that might be important for the tracking of the commercial routes for the selling of drugs.
Not infrequently the drug addict will die at home where the
partner will find him after many hours of ‘sleep’. Also in such
cases will there have to be a scene of crime examination as it is
not unknown that drug addicts may be punished for not paying
their debts by being given high doses or one dose that they
administer themselves and then when they are deep asleep or
unconscious due to the injection, they may receive a lethal
injection. Such cases are not easy to come across, but it is
important to make interrogations and to examine the scene and
do a subsequent autopsy. In Denmark all deaths due to drug
addiction have had a medicolegal autopsy performed since
October 1970.
If a drug addict dies at home, where he or she may have been
living alone or together with another drug addict, this home is
usually a pitiful sight. The drug addict has not had any major
interest in doing the dishes, sweeping the floor or cleaning. It
is usually very dusty with only sparse furniture and sometimes
a mess of various things all over that will make police investigation difficult. It is, however, not always the case as the author
has come across cases of drug addicts who were also selling
drugs and kept a minute order of things including heaps of
small packages with descriptions of the contents, for instance
cocaine or heroin. As this trade is dangerous due to the drug
addict’s craving for drugs and the value of the small packages,
these pushers always have weapons in their habitation.

32.5.7 Autopsy findings in intravenous
drug abusers
It is important to perform the medicolegal autopsies of drug
abusers with care. It is, for instance, necessary to open the skull
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Figure 32.15 Recent puncture wound.

Figure 32.17 Histology in persistent hepatitis showing
lymphocytes in the connective tissue and portal space.

Figure 32.16 Loin with scarring after intravenous injections.

Figure 32.18 Histology in hepatitis C showing a heavy
inflammatory reaction in the portal space. Courtesy of the
Department of Clinical Pathology, Odense University Hospital,
Denmark.

and examine the brain in each case in order to find amphetamine induced haemorrhages. It is also important to look into
body cavities and to examine the stomach and the bowels, not
only to look for disease, but also in order to reveal body packers.
This is normal when death occurs in an airport or on a flight,
but body packaging should be considered in every death among
drug abusers.
Having performed forensic autopsies for many years, it is
obvious that the appearance of a drug abuser is changing. Now
we see a lot of well-preserved, well-nourished, and well-dressed
drug abusers who may still die from an overdose. These are
often individuals who can maintain a paid job long into their
drug abuse and even maintain a family life with a wife or
husband who sees to that they are still clean with neat clothes.
It is also important to examine the clothes of a drug addict.
The police may not always have done that, and it is not rare to
find items of interest in the pockets of drug abusers. The exter-

nal examination must be thorough including the search for
puncture wounds and needle marks (Figs 32.15 and 32.16).
These are not always found in the cubital fossa. Some drug
addicts try to conceal their abuse by using their femoral veins
in the loins for injection.
In desperate drug addicts, they may use the neck veins, the
dorsal veins of the penis or even the small veins of the feet.
It is not unusual to have very few findings at the autopsy in
drug addicts. They may not have been drug addicts for long, or
they have been so lucky as to have access to ‘clean’ material.
The most common finding is hepatitis, seen at microscopy
as inflammation in the portal area (Fig. 32.17). This may be due
to hepatitis B or C (Fig. 32.18) or any of the other hepatitis
types. It may have influenced the liver into developing fibrosis
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pneumonia due to insufficient respiration. It is not very frequent to see drug addicts die from endocarditis with inflammation of the tricuspid valves being seen only in drug addiction.
They will suffer abscess formation due to bad hygienic standards with dirty needles. It is also known that drug abusers have
a higher frequency of tuberculosis. Occasionally, the intravenous drug abuser may hit a larger vessel and will bleed to death.

32.5.9 Manner of death

Figure 32.19 Histology showing birefringent particles in the lung
of an intravenous drug addict.

and a post-hepatitis cirrhosis, often with large hepatic nodules.
Another common finding is enlargement of the portal lymph
nodes that appear greyish, soft and enlarged to a size of about
4–5 cm in diameter. A frequent finding is splenomegaly with
spleens of a size usually not more than about 500 g, but larger
spleens may be observed, however not at all to the order of
magnitude that can be reached in myelofibrosis, chronic
myeloid leukaemia or malaria. These are some of the differential diagnoses when splenomegaly is observed.
At microscopy it is a frequent finding to see injected foreign
bodies in the organs, especially the lungs (Fig. 32.19).

32.5.8 Causes of death
The majority of dead among drug abusers die from causes
related to the abuse. This is not true for those who abuse
drugs due to a chronic mortal disease. In Denmark, the most
frequent cause of death is intoxication by either heroin or
methadone. It is not often that cocaine or amphetamine alone
is the cause of death, not to mention 3,4-methylenedioxy-Nmethylamphetamine (MDMA) (ecstasy). In the case of death
due to stimulating drugs, it is usually combined with exhaustion due to lack of sleep and dehydration. The use of stimulants
may also lead to an increase in risk taking behaviour, possibly
resulting in injury or death.
In Denmark, more than 80% of opiate abusers die from
intoxication. Almost 10% die from diseases related to the abuse,
and among the remaining cases, death is traumatic as they die
from homicide, suicide or road traffic accidents. Drug abusers
are over-represented in homicides. This is due to their involvement in criminal activities and the need for money. With reference to natural cause of death, intravenous drug addicts will
acquire hepatitis of both type B and C. They may die from
HIV-related diseases and, as they may be unconscious for prolonged periods of time due to intoxication, they may acquire

The manner of death in drug addicts is probably most often an
accident. At least this is what is put on the death certificate
when they die from overdose. It is, however, not easy to distinguish between suicide and accident, and the drug addict may
not even know it himself as there may be an underlying wish
to finish the miserable life. It is generally accepted that some of
the deaths are homicides. It may be done by the perpetrator
giving the drug addict a lethal dose as he or she is unconscious
due to self-administered drug. When drug addicts die due to
addiction related diseases, it is usually interpreted as a natural
manner of death.
Case example 6
A 54-year-old woman had been a drug addict since she was very
young. She lived with her mother, and during the last couple of
years she had been taking methadone that she injected intravenously. Most of her veins were occluded due to the abuse, and
she was now using the femoral vein in the right loin for injection.
She eventually developed a fistula from the vein to the skin
surface. One late night, she called her mother as she was bleeding from the right loin. An ambulance was called, and the mother
wiped away the blood with towels. No attempt was done to stop
the bleeding. The deceased dosed off and fell to the floor. An
ambulance arrived shortly after, but resuscitation attempts were
fruitless. The autopsy showed a fistula from the skin down into
the vein, measuring 5 mm in diameter. The vein was fibrotic due
to repeated intravenous injection. There were no lesions in the
femoral artery. There was hyperplasia of the portal lymph nodes,
fibrosis of the liver, chronic inflammation in the liver and multiple
birefringent foreign bodies in the lung tissue. The toxicology
showed methadone in a low toxic level. The cause of death was
haemorrhage from the fistula and the manner of death was seen
as an accident.

32.5.10 Mechanisms of death
Opioids
The most common cause of death in opioid overdose is
asphyxia/anoxia due to respiratory depression (Table 32.3). The
effect of opioids is enhanced by other central nervous system
depressants (e.g. benzodiazepines, barbiturates and alcohol)
leading to combined toxicity (Table 32.4 and Box 32.1). Interactions with antidepressants and antipsychotics, particularly
inhibitors of monoamine oxidase, can lead to more complicated and atypical toxicological states where the primary

583

CHAPTER 32   SPECIAL ISSUES REGARDING EXPERT EVIDENCE IN VIOLENT DEATH

Table 32.3 Drugs and mechanism of death.

Table 32.4 (a) Central nervous system depressants.

Drug class

Drugs

Mechanism of death

Central nervous
system
depressants

Opiates
Benzodiazepines
Cyclopyrrolones
GABA analogues
Barbiturates
Cannabinoids

Asphyxia/anoxia due
to suppression of
breathing

Central nervous
system
stimulants

Amphetamine
type stimulants
Newer designer
drugs
Cocaine

Most commonly one
or more of:
arrythmia, elevated
blood pressure,
hypothermia,
dehydration

Other common
drugs

Anaesthetics/
dissociatives
Hallucinogens
Antidepressants
Painkillers
Miscellaneous

Varies

GABA, γ-aminobutyric acid.

symptoms stem from the psychoactive drugs. This can often
complicate the interpretation of toxicological analyses, especially in drug abusers who are also in pharmacological psychiatric treatment.

Benzodiazepines and cyclopyrrolones
Since the mechanisms and metabolism of the various benzodiazepines are almost identical, their toxicology and interactions
are also comparable.
Death due to intoxication with a single benzodiazepine or
cyclopyrrolone as the only finding is relatively rare since the
respiratory depression caused by benzodiazepines or cyclopyrrolones alone is much weaker than that of opioids. Most deaths
related to abuse of benzodiazepines or cyclopyrrolones are due
to combined effects, often with opioids and/or alcohol. The
sedative effect of benzodiazepines or cyclopyrrolones is
additionally increased by antipsychotics and antihistamines.
Metabolism by CYP3A4 may be inhibited by, for example,
erythromycin, grapefruit juice and norfluoxetine, leading to
higher plasma concentrations. Additionally, treatment with
disulfiram may lead to a decreased metabolism rate, also
increasing plasma concentrations.

Class

Common drugs

Lethal
concentration
(mg/kg)

Opiates

Heroin (diamorphine)
Morphine
Methadone
Buprenorphine
Fentanyl

N/Aa
0.05–4.0b
0.2–1.0b
>1.0c
N/Ad

Benzodiazepines

Diazepam
Flunitrazepam
Clonazepam
Nordazepam

5
N/Ae
N/Af
∼5g

Cyclopyrrolones

Zolpidem
Zopiclone

2–4
0.6h

GABA analogues

γ-hydroxybutyric acid
(GHB)
γ-butyrolactone (GBL)
1,4-butanediol
(1,4-BD)

250–280
N/Ai
N/Ai

Barbiturates

Phenobarbital
Thiopental

45–120
10–100

Cannabinoids

THC
Artificial cannabinoids
(‘spice’)

N/Aj

GABA, γ-aminobutyric acid; N/A, not available.
a
Depends on route and duration of (ab)use. Almost always detected as
morphine.
b
Depends on route and duration of (ab)use.
c
Case reports of lethal concentration from 1.1 to 13 mg/kg.
d
Toxic effects detected from 0.002 mg/kg.
e
Toxic effects detected from 0.05 mg/kg.
f
Toxic effects detected from 0.1 mg/kg.
g
Also a metabolite of diazepam.
h
Single case report.
i
Converted to GHB in vivo.
j
No known cases of lethal overdose in single drug intoxication.

Table 32.4 (b) Central nervous system stimulants.

Class

Common drugs

Lethal
concentration
(mg/kg)

Amphetamine-type
stimulants

Amphetamine
Methamphetamine
Cathine/cathinone
MDMA

0.5–10
2–40
N/A
0.4–0.8

Newer designer
drugs

Halogenated
amphetamine
type stimulants
Piperazines

N/Aa

Cocaine

Cocaine

1–20

GABA analogues
Analogues of GABA with abuse potential, that is γ-hydroxybutyric
acid (GHB), γ-butyrolactone (GBL) and 1,4-butanediol (1,4BD), owe their primary toxicity to their in vivo conversion to
GHB. GHB is used in special cases as a treatment for narcolepsy
with cataplexy. It causes respiratory depression and has a relatively narrow therapeutic index. Apnoea has been described
with only double initial dosage. This, combined with the fact

MDMA, 3,4-methylenedioxy-N-methylamphetamine; N/A, not available.
a
Insufficient data.
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Table 32.4 (c) Other common drugs.

Class

Common drugs

Lethal
concentration
(mg/kg)

Anaesthetics/
dissociatives

Ketamine
Phencyclidine (PCP)

N/Aa
0.3–1.5

Hallucinogens

Lysergic acid
diethylamide (LSD)
Psilocin/psilocybin
Mescaline

0.002–0.005

Antidepressants

Amitriptyline (TCA)
Fluoxetine (SSRI)
Rac-citalopram (SSRI)
Venlafaxine (SNRI)

1.5-2b
1.3–6.8
0.5
6.6c

Painkillers

Paracetamol
Acetylsalicylic acid
Ibuprofen

160d
500–900e
N/Af

Organic nitrites/
nitrates (‘poppers’)
Steroids and growth
hormones
Lithium

>35

Miscellaneous

Figure 32.20 Recent pressure sore of the knee.

N/A, not available; SNRI, serotonin–norepinephrine reuptake inhibitor; SSRI,
selective serotonin reuptake inhibitor; TCA, tricyclic antidepressants.
a
Toxicity from 7 mg/kg.
b
Sum with nortriptyline (active metabolite).
c
Single case report, sum with metabolite, O-desmethylvenlafaxine.
d
Liver toxicity very variable.
e
Detected as salicylic acid.
f
Toxicity seen from 100 mg/kg.

Box 32.1 Annual number of poisoning deaths due to drugs per
100 000 inhabitants per year.
Denmark (2009) (Danish Health and Medicines Authority
2009)
• Prescription drugs: 1.7
• Illicit drugs: 2.3
Florida, USA (2009) (CDC 2011)
• Prescription drugs: 13.4
• Illicit drugs: 3.4
England and Wales (2008) (NHS 2010)
• Total: 3.3
Australia (2008) (NDARC 2010)
• Opioids: 1.5

that it is commonly found in solutions with unknown concentrations, when used as a drug of abuse, and administered by the
use of bottle caps as measuring devices leads to a high risk of
unintentional overdose, even without interactions or multidrug
use. Its central nervous system and respiratory depressive effects
are potentiated by other central nervous system depressants,
including alcohol, sedatives, hypnotics and opioids. Concomitant use of tricyclic antidepressants may increase the risk of
unintended side effects.

Figure 32.21 Ulcerating pressure sores.

Barbiturates
Death due to barbiturate overdose is caused by respiratory
insufficiency, secondarily by circulatory insufficiency. The
effects of barbiturates are enhanced by alcohol, opioids, hypnotics, antipsychotics and antihistamines. Many other interactions are seen; most importantly barbiturate metabolism is
inhibited by valproic acid and inhibitors of monoamine oxidase.
Especially barbiturates have been known to cause skin infarctions, so-called pressure sores (Figs 32.20 and 32.21).

Cannabinoids
There are to the authors’ knowledge no documented cases of
lethal intoxication with cannabinoids alone, but there might be
cases where the altered mental state caused by cannabinoids has
led to behavioral patterns causing death by trauma or intoxication with other substances. Little is known about interactions,
but there might be additive effects with other sedatives and
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hypnotics. The interpretation of toxicological findings is made
difficult by the fact that correlations between dose, plasma concentrations and effect do not seem to fit normal pharmacological models for tetrahydrocannabinol (THC), and that there is
almost no published information on the pharmacology of the
newer artificial cannabinoids (‘spice’-type substances).

Central nervous system stimulants
Amphetamine type stimulants (ATS) is a common term, most
often used to describe the group of drugs comprised by amphetamine, methamphetamine, cathinones, MDMA and many of
their derivatives. Many newer designer drugs are also, from a
chemical and pharmacological point of view ATSs, but there are
exceptions. Cocaine has many aspects in common with the
other central nervous system stimulants when it comes to
intoxication, allowing them to a large degree to be treated under
the same heading.
Death due to intoxication with central nervous system stimulants alone is relatively rare when no underlying pathological
condition makes the user vulnerable to the effects of the substances (e.g. increased heart rate, blood pressure and body temperature). There are cases where abuse of central nervous
system stimulants has led to death due to arrhythmias, even at
low dosage, but the use of increasing dosages to prolong the
effects of the drugs (so-called ‘bingeing’) is an additional risk
factor, also because bingeing may result in long periods without
sleep, often combined with the use of other substances or
alcohol.
Particularly in the case of cocaine, there is the risk of excited
delirium. Also cerebral haemorrhage is a known effect of central
nervous system stimulants, probably due to the high blood
pressure with the individual dying under attempts to restrain
him or her, often in the aftermath of cocaine intoxication.
Many cases of death under the influence of ecstasy are
caused by hyperthermia and dehydration due to the use of
ecstasy as a club or rave drug where participants dance for
extended periods in hot environments without sufficient intake
of water.

Other common drugs
Dissociative anaesthetics
Ketamine and phencyclidine (PCP) share a common ancestry
and mode of action, both being dissociative anaesthetic agents,
meaning that they inhibit or block the associative pathways in
the brain, leading to a state where the patient is awake and
aware, but under total somatic sensory block. The advantage of
these anaesthetics is that they do not cause sedation and their
effect on respiration, blood pressure and heart rate is negligible
compared to many other anaesthetics when used in therapeutic
doses. PCP is no longer used in medicine, due to adverse side
effects such as hallucinations and delirium, which, in addition
to its long half-life makes it unsuitable for medical use.
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Ketamine overdose is associated with convulsions, arrhythmias and respiratory depression.
Both ketamine and PCP are not ‘mainstream’ drugs of abuse,
but they have a small group of enthusiasts who are seeking the
dissociative experience (often described by abusers as an ‘outof-body experience’). This state of consciousness even has its
own name in those circles, being dubbed ‘the K-hole’. Loss of
inhibition and/or connection to one’s own body in this state
may increase risk taking behaviour which, combined with the
somatic sensory block, can lead to injury or death, however
only rarely. Since PCP carries a higher risk of hallucinations
and delirium there is also a higher risk of behaviour leading to
injury or death when this drug is abused.

Hallucinogens
LSD, also known as ‘acid’ or ‘blotters’, is a remarkably potent
hallucinogen, with a typical oral dose of 20–250 μg. It has a
close chemical relative called lysergic acid amide (LSA) which
is found in the seeds of Morning Glory and Hawaiian Baby
Wood rose. LSA is not as potent as LSD, but otherwise their
effects and mode of action are similar. LSD has a very small
acute toxicity, with a therapeutic index around 1000. Most overdoses of LSD can be resolved with supportive treatment only,
but some antipsychotics may be used as moderately effective
antidotes in case of ‘bad trips’. Chlorpromazine was the first
substance used in this way. The most commonly reported side
effect from LSD use is ‘flashbacks’ – unpredictable recurrences
of hallucinations – sometimes happening months after LSD
usage. Very little information is available about lethal intoxications with LSD, but cases describing severe overdoses have listed
one or more of the following symptoms: coma, catatonia,
hyperactivity, delirium, hyperpyrexia, diarrhoea and blood
coagulation disorders.
Psilocin and its precursor psilocybin are found naturally in
many species of Psilocybe mushrooms and to some degree in
other genera of mushrooms, generally known as ‘magic mushrooms’ or ‘shrooms’ among abusers. Immediate symptoms of
psilocin toxicity include anxiety, depersonalisation, paranoid
delusions, hyperreflexia, dilated pupils, disorientation and hallucinations. As with LSD, users may experience ‘flashbacks’ after
psilocin use. Many cases of psilocin intoxication and overdose
have been resolved with supportive care. Very few cases of lethal
intoxications with psilocin are documented, but cases have
been described where behaviour under the influence of psilocin
has led to injury or death (e.g. the user hallucinating that he or
she is able to fly and jumps out of a window).
Mescaline is the psychoactive component of the peyote
cactus which is used in some religious rituals. It is chemically
related to some of the synthetic amphetamine derivates
described generally as ‘designer drugs’ or ‘ecstasy’. As with the
other hallucinogens, death from acute mescaline toxicity is very
rare, but adverse effects may manifest both in normal usage and
overdose. These include nausea, vomiting, abdominal cramps,
diarrhoea, sweating, tremor, anxiety, visual and perceptual
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distortions and disturbing hallucinations. The gastrointestinal
effect may persist for several days and has been mistaken for
acute gastroenteritis.
As can be seen from the above, the most commonly
abused hallucinogens pose a very small risk of death from overdose or acute intoxication. Risky and incongruous behaviour
may, however, follow from hallucinations and altered mental
state under the influence of hallucinogens, possibly leading to
bodily harm or death for the intoxicated individual or even
bystanders.

the syndrome within 24 hours, although in cases with severe
muscle spasms rhabdomyolysis is a possible complication.

Neuroleptic malignant syndrome

Most antidepressants affect the serotonin release, breakdown or
reuptake. This can, in itself, or especially in combination with
other drugs affecting serotonin levels, lead to serotonin syndrome, a potentially fatal state of serotonin unbalance. Even
without adverse effects directly related to serotonin, antidepressants may have adverse effects of their own. These will be different for each drug, depending on dosage, type of drug, mode
of action, and so on, but a number of common symptoms are
seen in antidepressant toxicity and overdose. Most common are
drowsiness, somnolence, dizziness, coma, seizures, tachycardia
and other cardiac abnormalities. Although newer types of antidepressants such as the selective serotonin reuptake inhibitors
(SSRIs) seem to have fewer and more benign side effects than
the older tricyclic antidepressants, cardiovascular toxicity is still
an issue.

Neuroleptic malignant syndrome (NMS) is an idiosyncratic
reaction to antipsychotic medication that is rare, but potentially
lethal. The underlying mechanism is thought to be dopamine
depletion or dopamine receptor antagonism. Although most
commonly associated with potent antipsychotic drugs such as
haloperidol, NMS can be seen with almost any antipsychotic
and has in some cases followed discontinuation of antiparkinson medicine. NMS is most likely to present following initiation
of antipsychotic treatment or an increase in dose. It may present
within hours, but is more commonly seen within the first 2
weeks after initial changes in treatment regimen.
As with serotonin syndrome no specific test exists, and there
are large variations in presentation, making exclusion of other
possible causes for the exhibited symptoms important. Symptoms of NMS include, but are not limited to: hyperthermia,
diaphoresis, generalised muscular rigidity, tachycardia, hypertension or hypotension, tremor, incontinence, altered mental
state and tachypnoea.
Treatment of NMS primarily includes discontinuation of
antipsychotics, management of symptoms and supportive care.
Dopaminergic drugs may in some cases be useful. Note that
even after successful recovery NMS may recur once medication
is restarted.

Serotonin syndrome

Painkillers

Serotonin syndrome is a potentially life-threatening state where
excessive amounts of serotonin build up to a toxic level. The
first symptoms may manifest within minutes to hours of the
precipitating act (e.g. a change in medication dosage or addition of a new drug). Symptoms may include: agitation or restlessness, diarrhoea, tachycardia, hallucinations, increased body
temperature, loss of coordination, nausea, overactive reflexes,
rapid changes in blood pressure and vomiting. Since there is no
specific test for serotonin syndrome, and the symptoms are
unspecific, other potential causes must be ruled out before
serotonin syndrome can be diagnosed. An important differential diagnosis to serotonin syndrome is neuroleptic malignant
syndrome.
In patients already on antidepressants, serotonin syndrome
can be precipitated by interacting drugs not necessarily associated with the serotonin system. Such interactions have been
documented in a large number of cases, a few of which are the
interaction of citalopram with monoamineoxidase inhibitors,
linezolid (antibiotic), fentanyl (strong opioid), tramadol (weak
opioid) and fluconazole (antifungal).
Treatment of serotonin syndrome consists largely of discontinuation of the drugs leading to the syndrome, possibly all
serotonin-affecting drugs, and otherwise supportive treatment
for the management of symptoms. Rapid treatment can reverse

Since many over-the-counter medications, especially weak
painkillers and non-steriodal anti-inflammatory drugs
(NSAIDs) are seen as ‘harmless’, there might be a larger danger
of unintentional overdose than with prescription medications.
In some cases, these drugs are also abused as a psychological
aid to help cope with difficulties in daily life. Although no relevant indication for their use exists, users might feel that they
are in need of a ‘pharmacological fix’ for their troubles. These
drugs are also often used in suicide attempts, especially amongst
teenagers.
Paracetamol in particular is problematic since its acute
toxicity is seemingly low, but even relatively mild overdoses
(>4 g/day) have led to hepatotoxicity in susceptible individuals.
Generally, hepatotoxicity is seen with ingestion of more than
10–15 g of the drug. The toxicity of the drug in overdose stems
from glutathione depletion leading to production of a hepatotoxic quinone metabolite of paracetamol. Treatment must
begin rapidly since the damage to the liver is irreversible. An
antidote is N-acetyl cysteine which is a precursor to glutathione, thus preventing production of the toxic quinone, but this
must be administered quickly after the paracetamol overdose
to have any effect since it does not help liver cells that are
already dead. Patients with decreased liver function are more
susceptible to paracetamol toxicity. In addition, a complex
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be alleviated through the use of proton pump inhibitors.
Although not as severely as with COX-2 inhibitors, the use of
NSAIDs may still be associated with increased cardiovascular
morbidity or mortality.

Miscellaneous

Figure 32.22 Histology of central liver necroses in paracetamol
intoxication.

interaction between paracetamol and ethanol exists where
chronic alcohol abuse may be a risk factor for hepatotoxicity,
but acute alcohol ingestion with paracetamol seems to have
some hepatoprotective effect. The exact effects may, however,
depend on the timing and relative dosages. Renal failure has
also been reported in paracetamol overdose (Fig. 32.22).
In acetylsalicylic acid overdose, the primary toxicity stems
from salicylic acid accumulation due to saturation of conjugation pathways. Symptoms include nausea, vomiting, hyperthermia, tachypnoea, respiratory alkalosis, metabolic acidosis,
hallucinations, cerebral oedema, seizures and coma. Alkalisation of urine can increase renal clearance of salicylic acid, but
no specific antidote exists. Dialysis or haemoperfusion may be
indicated in some cases.
Ibuprofen toxicity mainly manifests with cerebral symptoms: dizziness, motoric disturbances, visual disturbances and
in serious cases convulsions and coma. Gastrointestinal involvement may lead to nausea and vomiting. There is no specific
antidote and treatment is largely symptomatic. Renal and
hepatic toxicity is documented in some cases as well as metabolic acidosis.
Newer NSAIDs include selective cyclooxygenase 2 (COX-2)
inhibitors such as etoricoxib, celecoxib and parecoxib. Initially,
these were thought to be much more specific in their antiinflammatory action while reducing the risk of gastrointestinal
irritation and haemorrhage significantly. But although this is
true, they did not get the breakthrough anticipated due to a
significantly increased risk of cardiovascular or thromboembolic complications. These adverse side effects lead to the
retraction of the drug Vioxx (rofecoxib) in 2004 after a massive
investigation into a large number of deaths in patients receiving
the drug. Other COX-2 inhibitors are still prescribed only in
special circumstances where the risk of gastrointestinal haemorrhage with the use of NSAIDs outweighs the possible adverse
effects of COX-2 inhibitors. The increased risk of gastrointestinal haemorrhage with the use of NSAIDs may furthermore

Due to its relatively high prevalence in the treatment of affective
bipolar disorder lithium is the most interesting substance in
this group of substances not otherwise specified. It has a relatively narrow therapeutic index and due to individual differences in pharmacological parameters, the standard procedure
is slow titration combined with therapeutic drug monitoring
of serum lithium. Fully developed lithium intoxication may
present symptoms like those of meningitis or encephalitis, may
lead to chorea, cramping and renal failure and can be fatal if
untreated. Since excretion of lithium is almost completely renal,
anything that interferes with renal function may influence the
concentration of lithium. Simultaneous treatment with drugs
that affect serotonin levels (such as SSRIs) may precipitate serotonin syndrome.
‘Poppers’ is a general term used to describe alkyl nitrites used
as inhalants to relax smooth muscles, often for the purpose of
enhancing sexual pleasure. Since blood vessels are surrounded
by smooth musculature as well, the use of poppers leads to a
temporary fall in blood pressure and concomitant increase in
heart rate. In rare cases of poisoning with poppers, often due
to accidental inhalation or ingestion of liquid instead of inhalation of vapours, symptoms may include methaemoglobinaemia, arrhythmias, cyanosis and hepatorenal toxicity. Interactions
with vasodilators such as sildenafil may lead to rapid, potentially fatal, decrease in blood pressure.
The abuse of anabolic steroids and growth hormones only
rarely leads to acute intoxication, but may with prolonged
use lead to gynaecomestia, amenorrhoea, testicular atrophy,
oedema, nausea, cholesterolaemia, suppression of clotting
factors and mood disorders. Cardiovascular involvement may
lead to hypertension and enlargement and thickening of the left
ventricle. Other somatic and endocrinological pathologies may
be present, depending on the type of steroid abused. Orally
administered steroids in particular may exhibit hepatotoxicity
due to the high concentrations in first pass metabolism. There
is evidence to suggest that abuse of steroids can lead to higher
incidence of aggression and violent behaviour.

32.6 Mafia-related deaths
Paolo Procaccianti

32.6.1 History of the Mafia and
Cosa Nostra
The Mafia is an international set of criminal organisations
whose pivotal but not only part is the Cosa Nostra (from the

588

PART III   TRAUMATOLOGY AND VIOLENT DEATH

Italian phrase for ‘our business’). They act in a violent and
illegal way to gain wealth and power. Mafia seems to be accepted
by society because it uses a precise cultural code; as its main
feature, and since its beginning, the Mafia has been able to
adapt and evolve according to social changes, proving itself to
be flexible by keeping rigid policies which are rarely rejected by
the members. Historically, Sicily has been under the rules of
various denominations but never the fulcrum of a kingdom.
This has resulted in the absence of the state, which was present
only in a formal way, thus making it possible for those who are
anti-state, such as the Mafia, to establish itself slowly (Tranquillo and Conte 2010).
Cosa Nostra is a secret organisation with a hierarchical
order. At the base of this pyramid are the families or bands
(called Cosche), made up not only of kindred people, and with
a number of soldiers, but also of the so-called Men of Honour
or Picciotti (guys) grouped in tens and headed by a Boss. Three
or more families make a Mandamento which has its own Boss.
The representatives of different Mandamenti make the Principal Committee or Cupola. Its members are defined as Men of
Honour, but their sense of honour is the total respect of the
rules of the Mafia, the obedience to their Boss and the keeping
of formal social decorum. Their belief in courage is translated
into criminal acts such as murder in ambush and rare barefaced crimes.
Before the coming of the Corleonesi who imposed a sort of
dictatorship and killed several members of the Committee, the
career in the Mafia organisation was through elections. The
specific mafioso way is violence and total disrespect of the
power of the state as it regards itself as a state within a state.
This violence is just a means to essential objectives: according
to the mafioso code self-justice, not the justice of the state is
legitimate. Thus, the Mafia homicide is not an instinctive
uncontrolled sanguinary act, but a planned murder to win the
fight for hegemony and to pave the way to the control of criminal
activities; it is also a strategy to intervene in and control the
sociopolitical system and the institutions. So, Mafia violence is
a programmed violence distinguished by internal violence,
inside the Mafia context, external violence, aiming at the control
of the sociopolitical system and violence aimed at the control
over crime, that is, the attempt to overcome any satellite organisations or to obtain revenge.
The Mafia exerts a dictatorial power on a wide variety of
activities in selected areas, from the financial aspects to the
social relationships and the private life of the individual. The
Mafia’s offence is threefold: level 1, criminal activities aiming at
making money; level 2, crimes connected with the Mafia’s way
to profit and with the clashes between Cosche; and level 3,
crimes meant to keep the Mafia system alive, for instance,
killing a politician or an institutional representative who is
considered dangerous to the organisation.
From the cultural point of view, the Mafia is a long-term
phenomenon, highly adaptable to circumstances and faithful to
its origins; the Mafia’s murders have passed through four historical periods:

1. A long period of pre-Mafia phenomena, from the 16th
century to the first decades of the 19th century. Pre-Mafia
phenomena used private violence to gain wealth and power.
2. A rural phase, from the unification of the Italian State to
the 1950s.
3. An urban-entrepreneurial phase, in the 1960s.
4. A financial phase, from the 1970s onward.
In the rural phase, the Mafia was mainly made up of tenants
of large estates. They were parasitic figures intent on exploiting
the farmers’ labour, accruing wealth, repressing any farmers’
uprising and controlling the local government thus creating a
political system of nepotism. Therefore, the Mafia’s enemies
could include politicians (e.g. the murder of the mayor of
Palermo, Emanuele Notarbarolo, in 1893) or farmers fighting
against Mafia interference, who were killed in massacres such
as the one at Portella della Ginestra.
During the urban-entrepreneurial phase, the Italian economy
started its industrialisation and the criminal organisations of
the Mafia took part in the new reality and exploited property
speculation linked to the development of towns. The Mafia
became a sort of bourgeoisie, counting on men from the uppermiddle class with a pivotal role in providing access to public
money. The main interest was now focused on property speculation, the hoarding of public money supplied by the Region
and the start of international trafficking of cigarettes first and
then of drugs. In these fields of enterprise the Mafia associations competed, also creating important alliances and criminal
conflicts. As well as the killings with old sawn-off shotguns, car
bombs were used, such as the one in 1963 where the Mafia boss
Cesare Manzella died in a Giulietta car planted with TNT and
1 month later seven servicemen were killed in a car full of TNT
destined for the Mafia family of the Ciaculli area.
From the 1970s on, the increasing role in international drugs
trafficking, which needed increasingly large facilities for illegal
money storage, made the Mafia become financial in its focus,
that is, it aimed to amass capital assets and improve its social
context. Increasing the stakes, the internal sanguinary competitions became stiff: its peak was the Mafia war between 1981 and
1983. Entrepreneurs, magistrates, policemen, politicians and
even ministers were killed, some ‘excellent’ homicides took
place, the killing of the President of the Sicilian Region, P. Mattarella (6th January 1980), the murder of the Regional Secretary
of the Communist Party, Pio La Torre (20th April 1982) and
the homicide of the General-Prefect A. Dalla Chiesa (3rd September 1982). The series of crimes outside the organisation
corresponded to an internal series of conflicts, the worst of
which counted 1000 dead, it included the so-called ‘white shotguns’ (the kidnapping and killing of people whose bodies were
then made to disappear), and an undetermined number of
never found corpses.
The Mafiosi from Corleone (the Corleonesi) laid a sort of
siege, made new allies in town and in the provinces; they
imposed their power by killing all their enemies, the bosses and
their followers from other ancient families of the Mafia, such
as the Bontade, the Inzerillo and the Badalamenti families. The
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fight was aimed at controlling all the internal activities and the
wider drugs trafficking activities in particular. The winners
were those with the best weapons and who were ready to use
violence. The Corleonesi, whose boss was Totò Riina, prevailed.
Meanwhile, the huge number of victims of the brutal internal
clashes let a lot of Mafiosi of defeated families collaborate with
the state as a form of legal revenge. They were not repenting,
but protecting themselves from any danger.
Due also to the supergrasses (people who decide to reveal
Mafia matters in order to be protected by authorities; the
so-called Pentiti), some light was shed on the Mafia association
system. At the beginning of the 1980s the anti-Mafia magistrates pool of Palermo started an inquiry which led to the
so-called Maxi Trial (Maxiprocesso). It came to the inferior
court judgment between 1985 and 1987 and sentenced more
than 400 people under investigation. The Mafiosi did their
best to stop the Maxi Trial; they even killed a magistrate,
the judge Chinnici, but between 1987 and 1991 they were
sentenced on appeal and subsequently, while waiting for the
Court of Cassation, famous homicides were committed (e.g.
the attorney of the Maxi Trial, Scopelliti, was murdered). After
the sentences, the judges Falcone and Borsellino, the Mafioso
politician Salvo Lima, the Mafia collector Ignazio Salvo were
also killed. The massacres were on a national scale in 1992 and
1993, as the slaughter of Via dei Georgofili in Florence and
the bombs in Rome, forced the state to act, sentencing the
Mafiosi to hard labour, detention and isolation. As a result, the
Mafia interrupted the violent actions, producing the silent or
submerged Mafia which stayed hidden not committing any
sanguinary acts, but still active and vital in managing illicit
trafficking.

32.6.2 Symbolism in Mafia homicides
Symbolism and typical rituals were the principal features of the
Mafia at its origin and they are still present today. The rituals
have a symbolic meaning, often combined with a religious
background, and for their characteristics they are considered as
sacred laws to be passed down and respected in the Mafia
context. Signs and symbols have always been used in many
aspects of Mafia social life; they play a pivotal role in the behavioural code of the world of crime, becoming a warning for any
common citizen and the Mafia’s adherents. The code of honour
itself is a set of laws to show the supporters of the Mafia how
to behave and regulate social relationships between the men of
honour and the Families; it is in this perspective that we must
analyse the initiation of a Picciotto. He was introduced by men
of honour who vouched for his life while he was taking his oath.
He had to use marked theatrical gestures that reflect the origins
of the Cosa Nostra, for example, the pinciuta (the fingerprick).
The index finger of the new member was stung with the thorn
of a bitter orange tree or a gold brooch used only during such
rituals; then, a drop of blood was dripped on a holy image,
while the associate member made an oath. At the end of this
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ritual, the holy image was burnt as a symbol of the kind of death
destined to the traitors of the Cosa Nostra.
A lot of Mafia murders use symbolic devices; as a punishment, the oval segment of a prickly pear cactus, a plant quite
common in Sicily, was put on the breast of dead thieves. This
was a symbolic act which connected the Mafia to the cactus
plant, because, as stated, ‘Mafia develops not through physical
force, but naturally as the prickly pear cactus does. It flourishes
in an insidious way not noisily’. If something prohibited was
noticed, for example about some Mafia matters or the act of
not subduing to the Mafia’s will, they would have condemned
the trespasser to death and his eyes would have been put in his
hands. Not respecting the silence about Mafia issues represented a serious transgression of the code of honour; for this
reason, the one who broke the code of silence was destined to
die, and a handkerchief or a stone was put in his mouth. One
of the worst transgressions to the code of honour regarded
women. As it will become evident, the role of the Mafia women
is central. They are mothers and wives, thus they are worthy of
maximum respect in the society; they represent memory and
blood ties, and respecting them is fundamental.
Among the series of highly symbolic murders we have analysed, the homicide of Pino Marchese represents an appalling
cross-section of the bloody rules of the Cosa Nostra, in particular regarding the honour of the woman and the family. Pino
Marchese, a Neapolitan melodic singer was found dead in the
middle of a small square in Palermo in the early 1980s. After
some inspection, and an autopsy report, the subject was found
strangled and then emasculated, and his genitals were placed
on his face. The investigation of the magistrates made clear that
Pino Marchese had a love affair with the sister of a Mafia boss.
She was married, so the boss decided to kill the singer, then his
sister and her husband, who was found guilty by them of not
having protected his own honour.

32.6.3 Role of women inside the
Mafia system
The Cosa Nostra is much more tied to the old concepts of civil
society, such as family honour, that Mafiosi respect in their own
way, with firm discipline (Tranquillo and Conte 2010). The
Mafia is predominantly a male organisation, the machismo
inside the Mafia system is but the mirror of the cultural
machismo of Sicilian society. The women of the Mafia have
always been the holders of the long-established code of silence.
Their role in the southern Italian society has usually been
passive and submissive, bounded in their domestic place with
them being ready to give serenity and stability to the family.
They hardly ever comment or blame anyone, and if they witness
something that should be concealed, their silence is guaranteed.
The justice department believe that the core organisation of
the Mafia has a male structure and that all the rituals are for
men only; nevertheless, the pivotal role of female bosses after
the arrest of some Mafiosi members has been confirmed; the
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flexibility of the Mafia system could explain a shifting role for
the women.
The role of women has different facets (i.e. taking care of
fugitives (called latitanti), collecting protection money (pizzo)
and looking after the money). On some occasions, they play the
role of veritable substitutes able to perform as Bosses when
their husbands are absent. Some women born in a mafia-like
context and married to Mafiosi, correspond to the stereotype
of faithful, non-inquisitive, thoughtful and devout partners,
able to combine their religious faith with living with an assassin.
Other women have an active role, highlighted by their commitment in the public relations of the Mafia; they may commit
crimes (e.g. drugs trafficking and pushing) and even be called
Godmothers in the presence of Mafia men while substituting
for the arrested or the fugitive Mafiosi. There are many women
who just promote the criminal activities of their relatives; they
own stakes or hold firms and corporations which are involved
in the recycling of ‘dirty money’; they may own buildings purchased with illicit money or shops whenever a Mafioso needs
to remain hidden.
Numerous women shut themselves off when their husbands
start to collaborate with the justice department, but many
others decide not to comply with such choices even blatantly,
using mass media, perhaps, in order to escape recriminations,
but above all, because they are victims who cannot avoid their
fate. Most of the women who decide to collaborate with the
magistrates are widows, orphans, broken-hearted mothers or
those who have experienced a traumatic event, such as the
death of a family member. Their tragedy made them rebels,
fighting against the Mafia whose wealth, power and rules they
had previously accepted.

32.6.4 Mafia murders using
sawn-off shotguns
The Mafia prefers to kill using guns because they are fast and
easy to conceal. Short-barrel weapons (.38 bore guns, .357
magnum; the 7.65 bore bullets are the most frequent ones
found on the crime scene) as well as long-barrel weapons are
commonly used. Mafia murders may be committed by single
killers or, more often, by criminal groups in which each individual role is decided before the ambush. This implies that even
if the number of people involved in an ambush is large, the
victim dies due to a few shots, one or two from the same or
different guns, fired by one or two professional killers. The
other members of the commando prepare the escape; they
shoot if something unexpected happens and usually ride
motorbikes, which are very fast and useful in traffic jams.
The highly symbolic homicides are exceptional; they are the
means to show violence through savage crimes; weapons such
as the AK-47 or particular killing strategies (the massacres
phase) are used. The rural mafia mainly use sawn-off shotguns,
the so-called Lupara, a hunting sawn-off shotgun with two
over-and-under unrifled barrels. Sometimes, the stock of the

weapon is shortened too; the ammunition, pellets and buckshot
cartridge are the same as the ones for long-barrel shotguns. The
purpose of shortening the barrel is twofold. It changes the ballistic configuration of the gun and makes the gunshot easier to
handle and to hide. A short-barrel shotgun fires the pellets
faster and wider than a normal sized barrel gun as it can hit
even a close target more easily, blocking the victim before
shooting him or her to death. There are some drawbacks too,
the range of the weapon is reduced (according to the remaining
length of the barrel even at a 20 or 30 cm distance, few bullets
may get the target) as well as the kinetic energy (developed by
the total burning of the gunpowder in the barrel) and the shot
speed. Besides, a sawn-off shotgun cannot take aim properly.
To solve these problems, improving the gun range and the
kinetic energy, larger ammunitions are preferred (the buck
shots).
The damage effect of a Lupara is the same as any multiple
loading weapon, but the shortened barrel makes the shot bullets
spread wider than from a non-modified shotgun. Different
studies on pellet loaded shotguns prove that the set of bullets
shot by a not sawn-off shotgun at a 35-m distance have the
same diameter as those shot by a sawn-off shotgun at a 10-m
distance (Umani Ronchi and Ugolini 1980). A similar study on
buckshot loaded guns showed that with an equal spreading of
bullets, the shooting range difference is 2 m wide at short distances, when the spinning ball effect still exists, while it improved
over a longer distance (e.g. about 3 m at medium distances and
about 5 m at further distances; Modica et al. 1981). All this is
explained because of the mass of the buckshot which increases
the kinetic energy of the ammunition. Using secondary bullets
(e.g. cups, disks, etc.) sawn-off shotguns get the target in a
shorter distance than standard shotguns (Fig. 32.23).

32.6.5 Mafia murders using AK-47 guns
The AK-47 was the typical weapon used during the so-called
second Mafia War (between the end of the 1970s and the beginning of the 1980s). As already indicated, during the 1970s, the

Figure 32.23 Bullet hole from a sawn-off shotgun.
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Figure 32.24 Burns on the clothes of a victim shot with an
AK-47.
Figure 32.25 The murder scene of Stefano Bontade, a famous
head of the Sicilian Mafia who was killed in 1981 by a rival
faction, the Corleonesi. Several hundred mafiosi died in the
ensuing war.

Mafia passed from a rural organisation to the urban setting in
order to gain power controlling the business. Apart from the
control over building contracts, the most relevant incomes were
through drugs trafficking and the connections with middle
Eastern drug traffickers. Together with the raw material to
produce basic morphine, weapons, such as the AK-47, and
ammunitions were introduced into Sicily from the Middle East
and eastern Europe. The AK-47 is easy to handle and highly
offensive; it can shoot 600 bullets a minute in about a 300-m
range.
The usage of the AK-47 in Sicily was relevant during the
second Mafia War, and fundamental for the Corleonesi armed
gangs to kill their enemies (including opposing families and
state armed forces). The symbolic sense must be underlined in
such Mafia assaults: they were meant to affirm the physical
supremacy of the Corleonese family over their enemies, because
the AK-47 could display a huge fire range in highly staged and
brutal murders. In the history of the Mafia murders, the arming
for the ambushes between the 1970s and the 1980s is extremely
significant.
As is commonly known, the AK-47 is armed with conventional incendiary cartridges or tracing bullets. The conventional
ammunition gives the AK-47 the same external damage effect
as a long-barrel shotgun with single ammunition. The high
offensive power and the speed of the burst give several bullet
holes to the body. The internal damage effect is quite elevated
because of its high penetration power. The tracing bullets,
usually inserted one in every 10 normal bullets, mark the aim
of the shot, especially at night. The tracing bullets are made of

a mixture of strontium, zirconium, phosphorus and magnesium; after priming the charge, they give out a light trail that
marks the route. The lead nucleus, which implies easy fragmentation, and the minor aerodynamic properties, give the tracing
bullets an inferior damaging effect than the one obtained using
conventional ammunition. During the first homicides, maybe
by mistake or because only tracing bullets were provided, such
ammunition was used in some ambushes. The casualties had
burns on their clothes (Fig. 32.24) but the internal damage was
not very serious, because of the scarce penetrating power of
tracing bullets (e.g. the murder of Bontade, Fig. 32.25).

32.6.6 Ritual homicides in the Mafia
context, murderous hanging and
caprettamento
Occasionally, the Cosa Nostra had committed extremely sadistic and cruel homicides, with highly symbolic connotations
associated with brutal pragmatic methods. Quite frequently, the
victims were asked to commit suicide, for example they were
forced to hang themselves. During such crimes the aggressors,
in larger numbers than the victims, made them commit suicide
according to specific procedures. The autopsy seemed to
confirm the theory of a suicide, even if the examination showed
clear evidence of other people’s involvement.
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A perfect example of such a strategy is the death of Roberto
Calvi, a banker, in 1982. He was found hanging from a pylon
of Blackfriars Bridge in London, a bridge which is half sunken
into the Thames. At first, according to initial inspections, the
postmortem and chemical-toxicological examination, it was
concluded that the victim had died of asphyxia due to self
hanging. Further subsequent surveys, based on much objective
data (i.e. the tide of the river Thames, the stones in the victim’s
pockets and in the crotch, etc.) and the injuries on the body,
began to suspect homicide. The noose consisted of an oblique
slip-knot which formed an upward furrow on the neck running
from left to right and deeper on the front left side. The examination of the external injuries did not show any violence, nor
any internal neck bone fractures at autopsy (no evidence of
hyoid or thyroid bone fractures) but in the skin erythrocytes
were found. This proved that the body was hanged before death.
Finally, a thorough analysis and a second autopsy confirmed
that Roberto Calvi had been hanged by his killers. It seemed
primarily quite impossible that a suicide could put a stone in
his crotch from down up, and no trace of the stone or the frame
to which the rope was tied was found in the cuticle tissues of
the victim.
The threat of suicidal hanging initially wears down the victim’s defences, so that no marks of struggle are present on the
body. On the contrary, the Mafia usually tries to kill the victim
as fast as possible with no particular procedure unless the
appearance of a suicide is necessary. Only on those occasions,
the Mafia strives not to leave any marks of violence on the
victim’s body and to avoid creating suspicion of a crime, so they
use no poison to weaken the victim to preserve the crime scene
and to present it as a ‘real’ suicide. Regarding this, we can
mention the imposed suicide of the Mafioso La Barbera, whose
postmortem examination revealed asphyxia due to suicidal
hanging. Only years later due to supergrass testimony was La
Barbera’s suicide proved to be a homicide.
Viciousness and brutality are present in another suffocation
method of the Mafia, the trussed goat strangling (caprettamento). Its name comes from the victim’s position which deliberately shows the sense of punishment, of torture and the
effectiveness of the killing technique. The trussed goat strangling method consists in passing a rope around the victim’s
wrists and ankles, then bending and fixing them at the back of
the body while a slip-knot connects the rope to the throat.
Keeping that position is tiring and the instinctive attempt to
stretch the legs makes the victim suffocate slowly and then die
asphyxiated. Actually, the slow trussed goat strangling technique is rarely used, as the Mafia prefer to kill the victim first,
using other direct methods (including strangling) and then
putting the corpse in that position to carry it more easily and
fix the symbolic Mafia mark on the murder.
Between the 1980s and 1990s, several cases of trussed goat
strangling were submitted to the Forensic Medicine Department of Palermo. All the victims had the typical marks of
asphyxia and both the external signs (i.e. cyanosis, petechiae of

the conjunctivae and pericardium, and of subpleura and pulmonary emphysema) and internal signs (i.e. haemorrhages in
the neck muscles, fracture of the hyoid bone, thyroid cartilage
and cricoid cartilage). Microscopic examinations showed some
vital signs, always present in the furrows on the neck skin and
sometimes evident on the wrists and ankles, thus confirming
the idea of having been suffocated to death before being tied.

32.6.7 Mafia murders using strong acids
Strong acids and bases were used to kill the relatives of any
ex-Mafioso who had decided to collaborate with the magistrates for his own good, for personal profit or because he really
repented, in order to let their enemies or allies disappear as if
it were their personal decisions (according to the old saying, if
there is no corpse, the person may not be dead). Here again, we
can see a combination of the Mafia symbolism and the ability
of the Corleonese family to have control over the Mafia organisation deciding to get rid of both allies and enemies whenever
they were considered to be in their way to hegemony. Information about acids and bases to dissolve human remains are provided by the Pentiti, who even talked of a ‘Death Chamber’ in
their interrogation.
In the Death Chamber, run by one of the most brutal Mafia
killers, Filippo Marchese (and located because of supergrass
testimonies), the police found several torture tools, and barrels
full of strong acids and bases probably used to dissolve the
corpses. Even though the informers talked about complete
melting of the bodies, the author’s laboratory tests on pig
shanks plunged in pure sulphuric acid or mixed with water,
demonstrate that bones do not melt totally. The caustic, coagulative and necrotising effect of sulphuric acid implies, especially
if activated with water, softening of the bone tissue, erosion of
the cartilage and almost total corrosion of the soft body parts.
The effects of hydrochloric acid have been analysed and, so far,
have shown to be more corrosive (even in our experiments, we
have never obtained total erosion of an item plunged into acid)
than the strong bases (trials with sodium and calcium hydroxide are still being carried out) and the so-called aqua regia
(mixture of nitric acid and sulphuric acid) which seems to be
the most corrosive and caustic solution.

32.6.8 Mafia ambushes and massacres
Mafia crimes during the 1980s and 1990s implicated judiciary
aspects together with anthropological and criminalistic ones. In
the Mafia murder, the means used to eliminate individuals, the
carrying out of the crime, the finding of the victims and, on
some occasions, the concealing of the corpse (e.g. the trussed
goat homicides) are extremely relevant.
Thus, the Mafia killing phenomenon goes further than a
simple criminal event; if we take into account all the underhand
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meanings of each gesture, such performances often stand as
warnings. The car bombs ambushes and the massacres are to
be seen as admonitions, because it is not the brutality of the
event per se but how it is seen that is important. Such murders
are often striking examples and demonstrations of outrageous
violence by the Mafia towards the enemies who must be ferociously eliminated. This is why such a killing was reserved for
the greatest enemies of the Mafia organisation. Opponents were
punished in order to show any possible adversary how Men of
Honour can be brutal. Such large quantities of explosives are
usually implied only available for military activities.
From the forensic point of view, there are several interesting
factors about the explosions and the injuries they cause, because
of the means of detonation, the components, the location of
the bomb, and so on. It is well known that injury can be due to
the blast and also to exposure to high temperatures and gas, but

Figure 32.26 Extensive craniofacial fractures and skin and
cerebral lesions of a victim whose head hit the interior roof of a
car during a car bomb explosion.

Figure 32.27 Victim of a car bomb explosion.
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injuries caused by the splinters of the exploded material or by
falling blown-up objects are also extremely important. The
Department of Forensic Medicine of Palermo has noticed different kinds of injuries from the last two bomb murders in the
early 1990s. This was probably due to specific killing methods
and in particular, to the location of the explosives.
To kill the judges Giovanni Falcone, Francesca Morvillo and
their police escort, a 550 kg explosive charge was put in a tunnel
under the motorway. It was divided into parts of 35–50 kg each
and contained mainly TNT, nitroglycerin for domestic usage
and C4 plastic explosives (with base unit of T4) in the secondary fuse. As a consequence, a crater of enormous dimensions
(12 × 4 m) was produced, nevertheless, unusual lesions were
noticed (e.g. no burns, no carbonisations, no torn apart bodies
after the explosion). Strangely enough, even if all the casualties
had been in armoured cars, the lesions seen were more typical
of very high speed multiple trauma. The only peculiarity was
found inside the corpse that the car hit in the centre from the
bottom. The victims were thrown against the roof and then
fell violently onto their seats with their injuries being typical
fractures due to a head-first fall from a height. The most extensive injuries were noted in the cranial-encephalic region with
extensive craniofacial fractures and skin and cerebral lesions
(Fig. 32.26).
By contrast, typical explosive injuries were found on the
victims of the ambush to kill the judge Paolo Borsellino and his
escort of five men. A bomb made of 90 kg of T4 and PETN in
a mixture called Semtex-h (TNT and nitroglycerin) was placed
inside the trunk of a parked car and activated by remote control.
On this occasion, autopsy revealed typical lesions due to explosives. All victims who had been near the bomb car showed torn
apart bodies, carbonisation due to gas, flames and hot objects
blown up in the explosion (also some vascular lesions in the
organs of the throat were noticed, as happened to a policeman;
Fig. 32.27). Microlesions to the internal organs due to the bomb
impact, such as interalveolar haemorrhages, emphysema, interbronchial, interstitial, subpleural and intestinal wall haemorrhages, were present.
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Natural Causes of
Sudden Death

Emanuela Turillazzi, Stefania Bello and Vittorio Fineschi

33.1 Introduction
Coroners and pathologists commonly evaluate people who die
in an unexplained fashion; unfortunately such events are not
rare. In this chapter we will focus on the issue of sudden death,
defined as ‘any death which is rapid (without prodrome), unexpected and/or unforeseen, that occurs in apparently healthy
people, or in ill patients during a benign phase of their disease’,
in order to look for common and uncommon cardiac and extracardiac causes of sudden death (Sampson 2001).
Diseases of the cardiovascular, respiratory and central
nervous systems accounted for the majority of natural sudden
and unexpected deaths (de la Grandmaison and Durigon 2002);
most studies on the subject focused on cardiac causes of death
because most of the cases are related to cardiovascular disease,
especially coronary artery disease. Although cardiac causes are
the leading cause of sudden death, the exact incidence of the
other causes is not well established because in some countries,
many sudden deaths are not autopsied (de la Grandmaison
2006) (Table 33.1).
Sudden unexplained deaths involve important challenges in
forensic pathology. Pre-autopsy information is of paramount
importance for the forensic pathologist and requires the interrogation of witnesses, family members of the deceased and,
eventually, physicians of the rescue team that attempted resuscitation. Past and recent medical history must be investigated
with particular reference to any other cases of sudden death in
the family. The type of activities performed by the deceased in
the moments before death can be important as well as the drugs
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taken by the deceased, which may indicate a particular disease
linked with sudden death (de la Grandmaison 2006).

33.2 Cardiac causes of sudden death
In the developed world, sudden cardiac death (SCD) remains
the major cause of death. The pathologist has a unique opportunity to study SCD resulting from all manner of cardiac diseases. Myocarditis, cardiomyopathies and coronary artery and
other congenital or acquired anomalies may be identified.
However, an increasing number of genetic causes of sudden
death that may strike young otherwise healthy people have been
identified. It is important to be familiar with these genetic
causes of SCD and the diagnostic difficulties they present so
that they can be considered as possible causes of death if the
autopsy is otherwise normal.
The expert consensus panel (Maron et al. 2006) proposes
this definition of cardiomyopathies:
Cardiomyopathies are a heterogeneous group of diseases
of the myocardium associated with mechanical and/or
electrical dysfunction that usually (but not invariably)
exhibit inappropriate ventricular hypertrophy or dilatation and are due to a variety of causes that frequently are
genetic. Cardiomyopathies either are confined to the
heart or are part of generalized systemic disorders, often
leading to cardiovascular death or progressive heart
failure-related disability.
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Table 33.1 Most frequent causes of adult sudden death. After
de la Grandmaison (2006).
Cardiovascular disease

Pulmonary disease

Neurological disease

Coronary artery disease
Cardiomyopathies
Myocarditis
Valvular diseases
Arrythmic causes
Other cardiac conditions
Pulmonary embolism
Pneumonia
Asthma attack
Sudden unexpected death in epilepsy
Central nervous system haemorrhage

Cardiomyopathies are divided into two major groups based
on predominant organ involvement. Primary cardiomyopathies (genetic, non-genetic, acquired) are those solely or predominantly confined to the heart muscle and are relatively few
in number. Secondary cardiomyopathies show pathological
myocardial involvement as part of a large number and variety
of generalised systemic (multiorgan) disorders. Therefore, on
the basis of all these considerations, the panel recommends that
cardiomyopathies can be most effectively classified as primary
– genetic, mixed (genetic and non-genetic), acquired (Table
33.2) – and secondary (Fineschi et al. 2010).
Here we provide an overview for forensic pathologists on the
main cardiac causes of sudden death in which morphological
findings may be found at autopsy. However, forensic pathologists must keep in mind that an increasing number of genetic
causes of sudden death may strike young otherwise healthy
people. It is important to be familiar with these genetic causes
of SCD and the diagnostic difficulties they present so that they
can be considered as possible causes of death if the autopsy is
otherwise normal. The clinical pathologist should consider
these diseases when the autopsy findings do not explain how
the person died. There is often a genetic basis for these disorders, and such information could be given to surviving family
members with the hope that affected members can be offered
treatment while they are still alive.

33.2.1 Ischaemic heart disease
Ischaemic heart disease or coronary heart disease is the leading
cause of morbidity and death in the world (Fineschi et al. 2006).
The majority of ischaemic cases have severe atherosclerosis of
the extramural coronary arteries and their branches when an
acute event occurs for the first time in an apparently healthy
subject (first episode), or one develops in a patient with previous disease manifestations (second episode or chronic). This
means that severely obstructive coronary atherosclerosis, even
affecting several vessels, pre-exists long before the first symptom
and without any evidence of ischaemia despite an often stressful life. The second observation is that the same conditions exist

Table 33.2 Classification of primary cardiomyopathies.
Reproduced with permission from Fineschi et al.
(2010).
Genetic

Mixed

Acquired

Hypertrophic
cardiomyopathy
ARVC/D
LVNC

Dilated
cardiomyopathy
Restrictive
(nonhypertrophied
and non-dilated)

Inflammatory
(myocarditis)
Stress-provoked

Glycogen storage
(PRKAG2, Danon)
Conduction defects

Peripartum

Mitochondrial
myopathies

Tachycardiainduced

Ion channel
disorders (LQTS,
Brugada, SQTS,
CVPT, Asian
SUNDS)

Infant of insulindependent
diabetic mothers

ARVC/D, arrhythmogenic right ventricular cardiomyopathy/dysplasia; CVPT,
catecholaminergic polymorphic ventricular tachycardia; LQTS, long QT
syndrome; LVNC, left ventricular non-compaction; PRKAG2, protein kinase,
AMP-activated, γ2 non-catalytic subunit; SQTS, short QT syndrome; SUNDS,
sudden unexplained nocturnal death syndrome (in young Southeast Asian
males).

in non-cardiac patients and in otherwise healthy people succumbing to accidental death. It seems that collateral vessels
were able to compensate for any blood flow reduction induced
by severe coronary stenosis.
Another important point is the lack of relationship between
death and infarct size, that is, the percentage of the left ventricular mass inclusive of the interventricular septum, and
infarct size and vascular territory of the related artery or main
branch. In Table 33.3, the percentage distribution of infarct size
measured in 200 acute fatal infarcts is reported. In 43% of first
episode cases and in 64% of second episode cases, the size was
less than 20%. That is, the infarct involved only a small part of
the myocardial mass and the whole vascular territory of the
related artery, while the largest infarcts invaded vascular territories of other non-occluded arteries.
The adequate compensatory function of coronary collaterals
is also confirmed by lack of a relationship between infarct size
and number of severe stenosis. Conclusively, the association
between coronary atherosclerosis and coronary heart disease is
incontrovertible but does not per se prove a cause–effect relationship between lumen reduction and ischaemia as is generally
believed. That assumption is based on ignorance of the compensatory function that native collaterals supply.
Pathologists are regularly consulted to assess coronary
atherosclerosis at autopsy despite the difficulties inherent in the
methods used to quantify stenosis. The preferred method is to
cut multiple cross-sections at 2–3 mm thick intervals along all

601

CHAPTER 33   NATURAL CAUSES OF SUDDEN DEATH

Table 33.3 Percentage distribution of infarct size in 200 fatal first-episode acute myocardial infarction (AMI) cases and in chronic
patients. The first column refers to the number of cases. Reproduced with permission from Fineschi et al. (2006).
Infarct size (%)
AMI

≤10

11–20

21–30

31–40

41–50

>50

First

n = 145 (100%)

22

21

22

16

10

9

Chronic

n = 55 (100%)

51

13

22

5

7

2

Total

n = 200 (100%)

30

19

22

13

9

7

the three major coronary arteries. Visual assessment can be
made by the degree of stenosis seen at different sites. This
method has very serious limitations when used for correlation
with angiography that was carried out during life or when used
to indicate clinical significance. Pathologists will tend to overestimate the degree of narrowing. The explanation for this is
the remodelling of the vessel wall. When comparing the lumen
to the size of the vessel, the pathologist has to bear in mind the
remodelling that occurs. The external size of the vessel at this
time is larger than normal and the degree of stenosis will be
overestimated. A second factor is that pathologists are examining collapsed and empty coronary arteries in which the lumen
is often slit-like. In coronary arteries with eccentric plaques that
are distended by blood flow, the lumen becomes round to oval,
but when the lumen is bloodless it appears slit-like, thus causing
a spurious impression of stenosis. The final factor is that calcification will hinder the cutting of cross-sections without completely distorting the lumen. A more sophisticated technique
consists in decalcifying the coronary arteries before making the
cross-sections. Segments of the major coronary arteries of
several centimetres long can be removed from the heart and
decalcified for 24 hours. In such segments, the degree of stenosis can be accurately assessed by comparing the vessel lumen at
the narrowest point compared with the lumen at an area of the
artery in which the wall appears relatively normal, thus giving
an impression of the extent of stenosis that comes close to angiographic pictures in life (Sheppard and Davies 1998). Histology
may offer structural details of the wall and intraluminal changes,
particularly when serial section studies are performed (Fineschi
and Pomara 2004) (Fig. 33.1).
A severe stenosis caused by an atherosclerotic plaque or an
occlusion by a thrombus, the age of which may range from early
platelet-fibrin composition to organised, often vascularised
tissue, may be observed. Other acute occlusions that are easily
recognisable are the rare dissecting aneurysm, embolism and
thrombotic arteritis, none of which are pertinent to the natural
history of coronary heart disease. In the latter, when present,
the thrombus, with or without plaque fissuring or rupture, is
located mainly in an area of critical luminal stenosis (Fineschi
et al. 2006).
Long ago, Leary (1935) proposed vascular spasm as a possible mechanism of occlusion causing an acute coronary syndrome (ACS). At present, spasm is apparently demonstrated

based on the cineangiographic imaging of an occlusion of an
extramural artery that reopens spontaneously or following
administration of a vasodilator, in cases of both angina pectoris
(Dhurandhar et al. 1972; Oliva et al. 1973) and myocardial
infarction (MI) (Cheng et al. 1972; Oliva and Breckinridge
1977; Maseri et al. 1978; Vincent et al. 1983); and by imaging
an intramural blood flow reduction (Sambuceti et al. 1997;
Marzilli et al. 2000). It is questionable whether an angiographic
coronary occlusion is a pseudo-occlusion due to stasis caused
by increased peripheral resistance. The possibility that isolated
coronary spasm associated with an autonomic disorder (Lanza
et al. 1996) can determine an arrhythmogenic cardiac arrest is
supported by a positive ergonovine test in resuscitated people
with a normal angiogram (Chevalier et al. 1998), even if angiography may fail to depict coronary artery narrowing (Dietz
et al. 1992). A normal angiogram cannot exclude the presence
of small neuroactive plaques, as demonstrated by intravascular
ultrasonography at the site of focal spasm induced by ergonovine maleate (Yamagishi et al. 1994), remembering that 37% of
unstable angina patients are hypersensitive to spasmogenic
stimuli compared to 4% with stable angina (Bertrand et al.
1982). It remains to be proven if coronary artery spasm occurs,
whether it is a primary or secondary event, how long it lasts
and if it involves the whole vessel or is limited to a segment.
Nevertheless, the spasm hypothesis of extramural and intramural (Hellstrom 1982) vessels remains a field open to further
investigation, particularly in relation to sudden death. Experimental coronary occlusion immediately induces cyanosis and
myocardial paralysis with bulging of the ventricular wall and is
often associated with a malignant arrhythmia ending in cardiac
arrest due to ventricular fibrillation. Theoretically, a spasm
should last less than 20 minutes because most sudden and
unexpected death cases do not develop an infarct and do not
show reflow necrosis. Apart from equivocal histological signs
of medial smooth muscle cell contraction, a pathologist has no
way to document coronary artery spasm.
In SCD, the myocardial cell may stop functioning in irreversible relaxation, in contraction, or may progressively lose its
force and velocity. Each situation produces a different morphological form of irreversible myocardial damage.
Infarct necrosis is observed when myocytes lose their ability
to contract, becoming passive and extensible elements. The first
change observed is loss of contraction of the myofibrils with
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(a)

(b)

(c)

(d)

Figure 33.1 Different aspects of coronary atherosclerosis: (a) plaque with atheroma and large zone of proteoglycan associated with
critical stenosis (H&E, 20×); (b) plaque with fibrosis (Mallory, 10×); (c, d) plaque with severe stenosis (H&E, 10×, 20×).

stretching of the myocardium in flaccid paralysis, resulting in
a very early elongation of sarcomeres and nuclei, visible within
30 minutes in experimental infarction (Fig. 33.2).
Other histological changes in chronological sequence are
seen in both animal experiments and human tissue: polymorphonuclear (PMN) leukocytic infiltration from the periphery
of the infarct occurs within 6–8 hours with minimal exudate of
oedema fluid, fibrin and red cells (Fig. 33.3).
PMN leukocytes increase in number during the next 24
hours and disappear by lysis within the first week of onset,
without evident destruction of necrotic myocytes. Large infarcts may show a central area where the sequence of changes
described does not occur. Rather, the mildly eosinophilic
stretched dead myofibres persist. This is due to a blockage of
PMN leukocytic penetration caused by maximal stretching of
the central part of the dead tissue. Furthermore, if a marked
PMN leukocytic infiltration develops at the edge of sequestered
dead myocardium, the overall appearance may resemble an
abscess with myocyte destruction. Fibrin/platelet thrombotic

Figure 33.2 Loss of contraction with stretching and elongation
of sarcomeres and nuclei of myocardial cells in very early
infarction (H&E, 100×).
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(a)

(b)

(c)

(d)

Figure 33.3 Contraction band necrosis with ultrastructural hypercontraction with extremely short sarcomeres and highly thickened Z
lines and focal myofibrillar rhexis are visible in (a) and (b). (c, d) Polymorphonuclear leukocyte infiltration from the periphery of the
infarct after 6–8 hours. (H&E, 40×).

occlusion of intramural vessels included in the infarcted zone
occurs parallel to, but not before, PMN infiltration. The healing
process, which starts 1 week after infarction, begins at the
periphery by macrophagic digestion of necrotic material within
sarcolemmal tubes and is followed by progressive collagenisation. Three further findings complete histological observations
in infarct necrosis. Firstly, the registered order of sarcomeres
may be maintained for a long time in remnants of dead myocytes in healed infarcts (>30 days) and if entrapped in a scar.
Secondly, the lack of filling by postmortem injection of intramural arterial vessels is noticeable in an acute infarct (‘avascular
area’). Thirdly, this type of necrosis usually presents as one
focus. It may affect the subendocardial zone or a greater width
of the ventricular wall and can be transmural. Its size ranges
from less than 10% to more than 50% of subendocardium.
The presence of the so-called ‘wavy fibres’, undulated myocardial fibres proposed as an early sign of myocardial ischaemia,
due to their lack of specificity, does not per se permit a diagnosis of ischaemia. In fact, waviness of normal myocytes is

usually observed around hypercontracted myocardial fibres
(Fineschi and Pomara 2004) (Table 33.4).
The finding of contraction band necrosis (CBN), even if
microfocal, could be an important histological signal for interpreting the cause of death and the natural history of a disease
in any single patient (Figs 33.4 and 33.5).
In particular, in a sudden death resulting from MI that is
otherwise not detectable histologically (Brinkmann et al. 1993;
Thomsen and Held 1995), the finding of CBN could be the
marker explaining cardiac arrest as secondary to adrenergic
stress. However, in people who die suddenly and unexpectedly,
the frequency of a MI is about 20% as shown in resuscitated
and electrocardiographically monitored patients (Baroldi and
Silver 1995). Therefore, the finding of foci of catecholamineinduced damage in a case of SCD that occurred within 6 hours
after the onset of symptoms does not necessarily confirm the
presence of an underlying MI (Hopster et al. 1996).
Finally, many markers have been selected on the basis
of their different diagnostic potential in early ischaemic
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Table 33.4 Time of evolving infarct necrosis in three different studies. Reproduced with permission from Fineschi et al. (2006).
Histological findings

Mallory et al. 1939

Lodge-Patch 1951

Baroldi & Silver 1995

Oedema

–

2

–

Myocell nuclei disappearance

–

4

10

Myocell necrosis

20/180

6/28

1

Phagocytic remotion

5/180

6/28

7

Polymorphonuclear infiltration

6–24/180

6/10

6/7

Basophilic ground substance

–

20/14

–

Pigmented macrophages

6/365

3/365

7/365

Lymphoplasma cells

6/60

5/180

In scar

Eosinophils

6/28

10/30

–

Fibroblasts

4/90

4/60

In scar

Collagen

14/365

10/365

In scar

Angiogenesis

5/90

4/90

No

Endoarteritis obliterans

–

–

7

Pathological contraction bands

+

–

<1

Apoptosisa

–

–

No

Italics, days; roman, hours.
a
Diagnosis based on apoptotic bodies within and around infarct necrosis and normal myocardium.

Figure 33.4 Coagulative myocytolysis, contraction band
necrosis or catecholamine necrosis. Pancellular lesion involving
the whole myocardial cell. Pathological bands are formed by
segments of hypercontracted and coagulated sarcomeres (H&E,
200×).

myocardial injury (C5b-9 complex, C9, fibronectin and fibrinogen, myoglobin, cardiac troponin C and cardiac troponin T;
Ortmann et al. 2000a, 2000b; Piercecchi-Marti et al. 2001; Martínez Díaz et al. 2005; Campobasso et al. 2008). The immunohistochemical demonstration of the selected markers on heart
specimens can provide good evidence of myocardial ischaemia
and/or necrosis, supporting the final diagnosis of SCD when

Figure 33.5 Coagulative myocytolysis, contraction band
necrosis or catecholamine necrosis. Paradiscal lesion: unique
band of hypercontraction involving 10–15 sarcomeres adjacent to
an intercalated disc. The major part of the myocell is normal. In
experimentally induced hypercontraction (catecholamine
infusion) the paradiscal lesion appears in 5 minutes, and in 10
minutes pancellular lesion compares (H&E, 200×).

no macroscopic or routine microscopic evidence is available
and no other pathological changes can be observed. Evaluation
of immunohistochemical expression of these markers appears
to be a highly sensitive and specific marker of early MI, very
useful in forensic medicine.
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Figure 33.6 Postinfarction cardiac rupture: gross appearance.

Complications of acute MI include rhythm irregularities,
cardiogenic shock, fibrinous pericarditis, cardiac rupture, aneurysm, denervation, papillary muscle dysfunction, endocardial
thrombosis and thromboembolism (Figs 33.6 and 33.7).

33.2.2 Arrhythmic sudden death
Sudden cardiac death is an accrued phenomenon, representing
the influences of anatomy, genetics and long-term sequelae of
haemodynamic issues. These all lead to a substrate for tachyarrhythmia, which may be fatal. Taken together, the existing data
strongly suggest that very often SCD is related to an arrhythmic
event (Fineschi et al. 2006) with no underlying structural heart
disease detectable at autopsy.
Amongst the three types of cardiac arrest described in the
literature – asystole secondary to neurally mediated bradycardia
(Milstein et al. 1989); electromechanical dissociation with loss
of pulse, heart sounds, blood pressure and consciousness in the
presence of a normal electrocardiogram (Fozzard 1985); and
ventricular fibrillation. The latter is particularly frequent in

ischaemic heart disease as shown in defibrillated people (Cobb
et al. 1975; Goldstein et al. 1981) and patients dying suddenly
while monitored by a Holter machine (Bayés de Luna et al.
1989). The morphological equivalent of fatal cardiac arrhythmia (mainly ventricular fibrillation) is difficult to define.
The authors described a morphofunctional myocardial
pattern linked with ventricular fibrillation defined as ‘myofibre
breakup’ (Fig. 33.8). Myofibre breakup includes the following
histological patterns:
1. Bundles of myocardial cells in distension alternated with
hypercontracted ones. In the latter, widening or rupture
(segmentation) of the intercalated discs occurs. Myocardial
nuclei in the hypercontracted cells assume a ‘square’ aspect
rather than the ovoid morphology seen in distended
myocytes.
2. Hypercontracted myocytes standing in line that are
alternated with hyperdistended ones, often divided by a
widened disk.
3. Non-eosinophilic bands of hypercontracted sarcomeres
alternated with stretched often apparently separated
sarcomeres.
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(b)

(a)

(c)

Figure 33.7 Postinfarction cardiac rupture: histological aspects. Interstitial (a, b) and subepicardial haemorrhages (c) (H&E, 20×)

Each of the functional forms of myocardial damage described
above has a distinct structural and biochemical nature. In
irreversible relaxation, intracellular acidosis displaces Ca2+
from troponin. During irreversible hypercontraction, intracellular alkalosis induces a rapid loss of adenosine 5’-triphosphate
with a lack of energy to remove Ca2+ from troponin and/or a
massive intracellular influx of Ca2+ from increased membrane
permeability. In the failing death of myocytes, the sarcotubular
system and mitochondria have a reduced capacity to bind Ca2+
(Baroldi et al. 2005). The myofibre breakup (MFB) here
described could be interpreted as a morphological counterpart
of a terminal dysfunction ending in ventricular fibrillation,
giving a structural background to the chaotic electrical asynchronous activity.

33.2.3 Myocarditis
Myocarditis is an acute or chronic inflammatory process affecting the myocardium produced by a wide variety of toxins and
drugs (e.g. cocaine, interleukin 2) or infectious agents, most
commonly including viral (e.g. coxsackievirus, adenovirus, par-

vovirus, HIV), bacterial (e.g. diphtheria, Meningococcus, psittacosis, Streptococcus), rickettsial (e.g. typhus, Rocky Mountain
spotted fever), fungal (e.g. aspergillosis, candidiasis) and parasitic agents (Chagas’ disease, toxoplasmosis), as well as Whipple’s disease (intestinal lipodystrophy), giant cell myocarditis
and hypersensitivity reactions to drugs such as antibiotics, sulphonamides, anticonvulsants and anti-inflammatories (Maron
2008; JCS Joint Working Group 2011) (Table 33.5).
Clinical manifestations of acute myocarditis range from
non-specific systemic symptoms (fever, myalgia, palpitations,
exertional dyspnoea) to fulminant haemodynamic collapse
(five to 10 cases per million inhabitants per year) (Feldman and
McNamara 2000; Dennert et al. 2008). Myocarditis is a wellknown cause of sudden death and young adults are most commonly affected. Acute myocarditis has been shown to be the
cause of sudden death in up to 12% of cases in autopsy studies
of patients less than 40 years of age, military recruits and young
athletes; it is also an important cause of sudden death in children (Blauwet and Cooper 2010).
Myocarditis can be diagnosed by established histopathological, histochemical or molecular criteria, but it is challenging to
identify clinically. The Dallas criteria were proposed in 1986 to
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(a)

(b)

(c)

(d)

Figure 33.8 Areas of interstitial fibrosis and contraction band necrosis (a, b) (H&E and Masson, 40×) and extensive myofibre breakup
(c, d) (H&E, 20×, 60×).

provide a histopathological classification for the diagnosis of
myocarditis (Table 33.6). These criteria require that an inflammatory cellular infiltrate with or without associated myocyte
necrosis be present on conventionally stained myocardial tissue
sections (Aretz 1987; Aretz et al. 1987). Myocarditis was defined
as a myocardial process characterised by the presence of an
inflammatory infiltrate and myocyte damage or necrosis that
is not typical of the myocardial damage of ischaemic heart
disease. Borderline myocarditis requires a less intense inflammatory infiltrate and no light microscopic evidence of myocyte
destruction.
Sampling error, variation in expert interpretation, variance
with other markers of viral infection and immune activation in
the heart, and variance with treatment outcomes all suggest that
the Dallas criteria are no longer adequate (Baughman 2006).
Newer histological criteria rely on cell-specific immunoperoxidase stains for surface antigens such as anti-CD3, anti-CD4,
anti-CD20, anti-CD28 and antihuman leukocyte antigen (Herskowitz et al. 1990; Maisch et al. 2000). Moreover, the Dallas
classification does not consider local quantification and dif-

ferentiation of inflammatory cells and does not take into
account viral infection and autoimmune regulation in cardiac
tissues (Dennert et al. 2008). Recent research has shown that
criteria based on this type of staining has greater sensitivity
than the Dallas criteria and may have prognostic value (Kindermann et al. 2008; Blauwet and Cooper 2010).
In general, the different patterns of myocarditis are distinguished according to the type of inflammatory cell reaction
elicited by the causal agent (Fineschi et al. 2006) (Table 33.7).
Immunohistochemistry is an essential tool to differentiate
the cells involved and to obtain a better morphological definition of the inflammatory process, since inflammatory cells,
present throughout the interstitium and in perivascular regions,
may be stained with the specific antibody against it.

Lymphocytic myocarditis
Several noxae may induce a lymphocytic myocarditis. In particular, many viruses seem responsible for this inflammatory
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process. Table 33.8 summarises the viruses mainly causing
myocarditis (Fineschi et al. 2006; Andréoletti et al. 2009).
Of acute viral myocarditis cases, 10–20% evolve towards a
chronic active phase characterised by an inflammatory infiltrate
of mononuclear cells with evidence of myocyte necrosis and
fibrosis, and then in 9% of cases towards a stage of dilated
cardiomyopathy (DCM) that at end-stage is a leading cause of
cardiac transplantation (Dennert et al. 2008; Andréoletti et al.
2009) (Fig. 33.9).
The histological diagnosis of lymphocytic myocarditis is one
of the more difficult tasks for a pathologist. In fact, lymphocytic

Table 33.5 Myocarditis classification. Reproduced with permission
from JCS Joint Working Group (2011).
Aetiology

Cell type

Clinical type

Virus

Lymphocytic

Acute

Bacteria

Giant cell

Fulminant

Fungi

Eosinophilic

Chronic

Rickettsia

Granulomatous

Prolonged

Spirochaetes

Latent

infiltrates are present in the myocardial interstitium of healthy
subjects (Fineschi et al. 2006). To achieve a better understanding of the significance of focal myocardial inflammation in
sudden death, Zhang et al. (2011) recently assessed inflammation in 384 consecutive hearts in which intrinsic inflammatory
diseases of the myocardium were excluded. Infiltrates were
classified as lymphocytic without necrosis, lymphocytic with
myocyte necrosis and eosinophilic. In the 384 hearts, infiltrate
was found in 18%. There were multifocal infiltrates in 9%,
inflammation with necrosis in 2% and eosinophilic myocarditis
in 4%. Infiltrates were most frequent in natural non-cardiac
deaths (31%), and least frequent in traumatic deaths (12%).
Infiltrates with myocyte necrosis occurred in 4% of arrhythmic
deaths with no other cause, 3% of cardiac deaths with cardiomegaly, 3% of traumatic deaths, 2% of natural non-cardiac
deaths, 2% of other cardiac deaths and 1% of coronary deaths.
Infiltrates were common in patients on antibiotics (54%) or
neuroleptic drugs (27%). Eosinophilic infiltrates were especially common in patients on antibiotics (18%). The authors
concluded that incidental cardiac inflammatory infiltrates
without necrosis are not uncommon, but focal myocarditis,
defined as inflammation with necrosis, occurs in about 5% of
hearts, and may be considered a possible contributory factor.

Protozoa, parasites
Other causes of infection
Table 33.6 Dallas criteria for the diagnosis of myocarditis.
Reproduced with permission from Aretz (1987).

Drugs, chemical substances
Allergy, autoimmune

First biopsy

Collagen disease,
Kawasaki’s disease

I Unequivocal myocarditis
II Borderline myocarditis
III No evidence of myocarditis

Sarcoidosis
Subsequent biopsies

Radiation, heat stroke
Unknown cause, idiopathic

I Ongoing (persistent) myocarditis
II Resolving (healing) myocarditis
III Resolved (healed) myocarditis

Table 33.7 Myocarditis – classification in relation to type of inflammatory reaction and causal agents. Reproduced with permission from
Fineschi et al. (2006).
Myocarditis type

Cause

Observations

Polymorphonuclear
myocarditis

Staphylococcus/Streptococcus meningococci
Actinomyces, Aspergillus, Candida

Focal or diffuse with abscess formation
Septicaemia

Lymphocytic
myocarditis

Virus
Corynebacterium diphtheriae, Trypanosoma cruzi,
Borrelia, Toxoplasma arsenicum, chloroquine
euretine, phenothiazine (autoimmunity)

Focal or diffuse
Dilated cardiomyopathy, Lyme disease, Chagas’
heart disease, transplant rejection

Eosinophilic
myocarditis

Hypersensitivity
Helminthiasis

Granulomatous
myocarditis

Tuberculosis
Rheumatic fever, lupus erythematosus,
sarcoidosis, fungal infection, foreign bodies

Plurifocal-diffuse

Giant cell
myocarditis

?

Associated with lymphocytes, plasma cells,
eosinophils
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Table 33.8 Infectious causes of human myocarditis. After Andréoletti et al. (2009).
Non-viral causes of myocarditis
Viral causes of myocarditis

Bacterial

Fungal

Helmintic

Protozoal

Adenovirus

Brucellosis

Actinomyces

Cysticercus

Entamoeba

Arbovirus

Clostridia

Aspergillus

Echinococcus

Leishmania

Arenavirus

Diphtheria

Blastomyces

Schistosoma

Trypanosoma

Coxsackie virus

Francisella

Candida

Toxocara

Toxoplasmosis

Epstein–Barr virus

Gonococcus

Coccidioides

Trichinella

Cytomegalovirus

Haemophilus

Cryptococcus

Echovirus

Legionella

Histoplasma

Encephalomyocarditis virus

Meningococcus

Nocardia

Hepatitis C

Mycobacterium

Sporothrix

Human herpesvirus 6

Mycoplasma

Human immunodeficiency virus 1 and 2

Pneumococcus

Human and avian influenza viruses

Psittacosis

Mumps virus

Salmonella

Parvovirus B19

Staphylococcus

Poliomyelitis virus

Streptococcus

Rabies

Tropheryma whippleii

Respiratory syncytial virus

Rickettsia

Rubella virus

Borrelia

Rubeola virus

Leptospira

Vaccinia virus

Syphilis

Varicella virus

Typhus

Variola virus

Acute viral infection

Myocarditis

Genetic susceptibility

Fulminant

Asymptomatic

Chronic

Death

Recovery (complete or
incomplete)

DCM

Figure 33.9 Evolution of acute viral myocarditis. DCM, dilated
cardiomyopathy. After Dennert et al. (2008), © Oxford
University Press.

Incidental infiltrates are common in patients on medications,
especially antibiotics (Zhang et al. 2011).
Apart from traditional histological criteria, immunohistochemical techniques allow quantification, identification and
differentiation of inflammatory cells, focusing on T lymphocytes (Noutsias et al. 2002). Immunohistological diagnosis
in the endomyocardial biopsy of inflammatory cardiomyopathy is specified quantitatively as ≥14 infiltrating leukocytes/
mm2, preferably T lymphocytes or activated T cells. If foci of T
lymphocytes are present, active myocarditis can be diagnosed
due to the nature of the infiltrate even when the critical number
of 14 leukocytes/mm2 is not reached, as has been defined by the
task force of the World Heart Federation Council on Cardiomyopathies (Maisch et al. 2000).
The aetiological diagnosis of viral myocarditis may be
achieved through the detection of viruses or viral components
(proteins or genomes) in peripheral blood samples in the viraemia phase.
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Suspected myocarditis case

Gross examination of the heart

Association of real-time
RT-PCR assays for the
detection of viral genomes

Histological examination (Dallas criteria)
Immunological quantification of
inflammatory cells

Selected immunohistochemical detection assays

Active viral infections
Persistent or latent viral infections
Figure 33.10 Diagnostic methodological flow-chart in suspected myocarditis cases. RT-PCR, reverse transcriptase polymerase chain
reaction.

Using molecular biology based techniques, viral genomes
may be detected in cardiac tissues of patients with histologically
proven acute myocarditis (Bowles et al. 2003; Kühl et al. 2005;
Sudano et al. 2006). Immunohistochemical investigation of
cardiac samples in histologically proven acute myocarditis may
reveal positivity to viral antigen, so morphologically confirm
the aetiological diagnosis (Turillazzi et al. 2010).
The postmortem approach outlined in Fig. 33.10 may help
the forensic pathologist in the challenging diagnosis of viral
myocarditis.

Polymorphonuclear or neutrophilic myocarditis
This interstitial inflammatory process is characterised by a
marked exudative infiltration of neutrophil leukocytes with or
without abscess formation. Often it coincides with a septicaemia caused by bacterial cocci and mycotic agents. The main
complications linked with sudden death are rupture of a ventricular wall or papillary muscle and involvement of cardiac
valves or the conduction system. In some cases, the neutrophilic
infiltration may mimic a myocardial infarct.

Eosinophilic myocarditis
Eosinophilic leukocytes are the distinctive inflammatory elements that prevail in the myocardial interstitium and around
vessels in this pattern of myocarditis (Fineschi et al. 2006). Even
in this condition a disproportion in the numbers exists between
the severity of the interstitial exudate and myocellular necrosis,
including the acute necrotising eosinophilic myocarditis often
associated with sudden death. With the increasing use of medications, iatrogenic causes of hypersensitivity myocarditis from
drugs need to take into account substances such as penicillin,
methyldopa, sulphonamides (Lewis and Silver 2001) and cloza-

pina (Fineschi et al. 2004) which are responsible for this hypersensitivity reaction, as well as some parasites such as Taenia
solium, Echinococcus granulosus, Schistosoma, Trichinella spiralis
and so on (Winters and McManus 2001).

Granulomatous myocarditis
This inflammatory reaction assumes a granulomatous aspect
with (in tuberculosis) or without (in sarcoidosis) a central
caseous necrotic core. The reactive cells are giant cells, lymphocytes, fibroblasts and Anitschkow’s macrophages. The granuloma results in fibrous tissue with the peculiar perivascular
fibrosis seen in chronic rheumatic hearts (Fineschi et al. 2006).
Recently the authors described a case of sudden death due to
cardiac sarcoidosis in which the histological examination of the
heart revealed diffuse and extensive fibrosis with non-caseating
granulomas composed mainly of an aggregate of epithelioid
cells and multinucleated giant cells of the Langhans and foreign
body type without necrosis in the centre surrounded by lymphocytes, plasma cells and mast cells. The giant cells sometimes
showed asteroid bodies.

Giant cell myocarditis
This rapidly fatal condition of unknown cause is rare. Giant
cells, lymphocytes, plasma cells and eosinophils form the infiltrate and are often located around necrotic myocells. It is still
unclear as to the myogenic or macrophagic (or both) nature of
the giant cell and its relationship with several conditions, such
as rheumatic fever, thymoma associated or not associated with
myasthenia gravis, lymphoma, systemic lupus erythematosus,
dermatomyositis, and so forth (Winters and McManus 2001;
Fineschi et al. 2006).
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Parasitosis
Opportunistic infections in acquired or iatrogenic immunodeficiency syndromes frequently show an intramyocardial cell
invasion by several agents (e.g. Toxoplasma, sarcosporidium,
Cryptococcus) (Baroldi et al. 1988) without inflammatory reaction. This condition cannot be defined as myocarditis, and its
functional damage is difficult to validate histologically.

33.2.4 Hypertrophic cardiomyopathy
Hypertrophic cardiomyopathy (HCM) is one of the oldest
known causes of sudden death. It was first described in 1958
(Teare 1958). Although previously thought of as a rare disorder,
recent population-based clinical studies suggest the prevalence
of the condition to be as high as 0.2% (or one in 500) in the
general population, making HCM the commonest known cardiovascular genetically determined disorder known.
At least 13 causative genes have been identified to date,
which primarily encode sarcomere, or sarcomere-related proteins, and include the cardiac β-myosin heavy chain (β-MHC),
myosin binding protein C (MyBPC), cardiac troponin T, tropomyosin, cardiac troponin I, essential and regulatory myosin
light chain, and more recently, titin and actinin-2 genes. A single
mutation in any of these genes will lead to HCM.
The pathophysiology of HCM is complex and is reflected in
the diversity of clinical features. Individuals with HCM can
have a variety of symptoms including chest pain, which may be
typical of angina, symptoms related to pulmonary congestion
(i.e. dyspnoea, fatigue, orthopnoea), and paroxysmal nocturnal
dyspnoea, impaired consciousness (i.e. syncopal and presyncopal episodes) and palpitations (Semsarian et al. 2011).
HCM is the commonest structural cause of SCD in individuals aged less than 35 years, including competitive athletes.
At autopsy, gross anatomy is marked by a thickened left
ventricular wall. It is rarely symmetrical; rather, the majority of
cases (95%) present asymmetrical hypertrophy with a maximal
increase in the interventricular septum which, as a result, protrudes into the left ventricular cavity, drastically reducing it.
This obstruction generally involves the median–superior
portion of the interventricular septum. The whole septum or
its apical region or the right ventricle rarely protrude. Other
findings may include endocardial fibrosis marked by a white
thickening of both the endocardium where the anterior mitral
leaflet beats against the septal wall and the ventricular aspect/
chordae tendineae of the anterior mitral valve (75%), atrial
dilatation (100%), and a prominent septal band connected with
the superventricular crista in the right ventricle. In cases involving congestive heart failure, the heart has a gross aspect typical
for DCM (Fineschi et al. 2006). Histologically, the hallmark
feature is myocardial disarray. The term myocardial disarray is
used to describe the star-like disposition of adjacent myocytes,
aligned obliquely or perpendicular to each other, and joined
together by short, generally hypertrophic myobridges, with
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interconnecting myofibrils and interstitial fibrosis (Fineschi
et al. 2005). Different patterns of disarray were described
according to the oblique or perpendicular orientation of
bundles or single myocytes, disposed in any direction. Between
the disarrayed myocytes are an increased interstitial matrix and
a myofibrous hyperplasia of arterioles. From a practical standpoint, pathological disarray can be diagnosed when it involves
more than 20% of the myocardium in at least two tissue blocks
(Maron and Epstein 1979; Davies and McKenna 1995). In these
cases, the detection of myocardial disarray is a highly sensitive
and specific marker of HCM (Hughes 2004); however, myocardial disarray is also found in specific areas of a normal heart at
the junction of free wall with the septum, at the origin of papillary muscles, around a myocardial scar, in congenital cardiac
malformations and in some diseases (lentiginosis, Friedreich’s
ataxia, Turner’s syndrome, hyperthyroidism) (Fineschi et al.
2006).
Studies on molecular mechanisms and genotype-phenotype
relations of HCM are an essential contribution to understanding the pathogenesis of this autosomal dominant familial
disease (Friedrich and Carrier 2012).

33.2.5 Dilated cardiomyopathy
Dilated cardiomyopathy is characterised by dilatation and
impaired contraction of the left ventricle. It may be idiopathic,
familial/genetic, viral, immune, alcoholic/toxic or associated
with recognised cardiovascular disease in which the degree of
myocardial dysfunction is not explained by the extent of ischaemic damage (Shmilovich et al. 2007). Familial DCM is a genetically heterogeneous disorder. To date, nearly 40 chromosomal
loci have been associated with various forms of autosomal
dominant DCM, with the disease-causing genes identified in
over 30 of these loci. These disease genes encode a variety of
proteins in the cardiomyocyte sarcomere, cytoskeleton, sarcolemma and nucleus. These findings indicate that diverse molecular mechanisms may underlie familial DCM (Fatkin et al.
2011). Patients with idiopathic DCM have a high risk of developing malignant ventricular arrhythmias and sudden death
(Alonso et al. 2005). It has been reported that most patients
with the familial form died suddenly, whereas patients with the
non-familial form often died of congestive heart failure. The
familial forms of the disease are associated with many different
genetic defects found mainly in cytoskeletal and nuclear envelope proteins, all with particular transmission patterns if predominantly autosomal dominant, notably associated with
lamins A and C gene mutations when atrioventricular block is
present. Different mutations in the gene that governs the sarcomeric protein, troponin T, may cause either dilated or hypertrophic cardiomyopathy, both of which may cause sudden
death. Desmin gene defects are associated with DCM and are
also reported in restrictive cardiomyopathy (RCM) and in
desmin (myofibrillar) myopathies associated with atrioventricular conduction block.

612

PART IV   SUDDEN AND UNEXPECTED DEATH FROM NATURAL CAUSES

At autopsy, often all four heart chambers are dilated with an
increased weight (>500 g) despite a normal or reduced cardiac
wall thickness, which, in turn, corresponds to a normal or
reduced diameter of myocytes (weight/size paradox) (Fineschi
et al. 2006).
The histological examination of the heart generally reveals
a moderate fibrosis mainly interstitial and with an undulating
aspect, minimal lymphocytic infiltration and fields with patchy
fibrosis, numerous foci of CBN, irregular myocyte hypertrophy
and diffuse loss of myocytes (colliquative myocytolysis) in the
subendocardial layers. Left ventricular examination shows
diffuse and considerable thickening of the endocardium resulting from proliferation of fibrous and elastic tissue representing
a diffuse subendocardial fibroelastosis.
Immunohistochemistry on cardiac samples may be used to
investigate tumour necrosis factor-α (TNF-α) (Riezzo et al.
2009). In patients with DCM, elevated plasma levels of TNF-α
are associated with poor prognosis. TNF-α may be directly
involved in the progression of heart failure, because cardiomyocytes in the failing heart express TNF-α, and myocardial TNF-α
may exert direct negative inotropic effects and trigger apoptosis
in cardiomyocytes.
Finally, proteome screening techniques have recently begun
to reveal disease-specific profiles (Cooper et al. 2010; Isserlin
et al. 2010).

33.2.6 Restrictive cardiomyopathy
Restrictive cardiomyopathy is characterised by restrictive
filling and reduced diastolic volume of either or both ventricles
with normal or near-normal systolic function and wall thickness (Richardson et al. 1996), being idiopathic, familial or secondarily caused by infiltrative diseases such as amyloidosis,
sarcoidosis and haemochromatosis and abnormalities related
to desmin (Siegel et al. 1984; Hager et al. 2006; Eshaghian et al.
2007). Restrictive physiology can occur in scleroderma, hypereosinophilic syndrome, and endomyocardial fibrosis, malignancies, chemotherapy and radiation in patients with cancer
(Roberts et al. 1968; Gottdiener et al. 1983; Billingham 1985;
Mortensen et al. 1986). The microfibril deposition is one of
the rare causes of infiltrative secondary RCM (Factor et al.
1992).
The clinical presentation is variable, with some patients
being asymptomatic while others die from SCD (Daneshvar
et al. 2012).
The thickness of the endocardium may reach several millimetres, with the involvement of both ventricles occurring in
50–70% of cases and with characteristic retraction of the right
ventricle. Fibrous septa may join the endocardium with the
epicardium, and the cardiac cavities show a reduced diameter.
Histologically, the thickened endocardium is the result of
superimposed layers of fibrous tissue, the deepest being formed
by granulation tissue, blood vessels and inflammatory cells
including eosinophils. Such an inflammatory reaction can be

seen in the intramural epiendocardial septa (Fineschi et al.
2006).

33.2.7 Arrhythmogenic right
ventricular dysplasia
Arrhythmogenic right ventricular cardiomyopathy/dysplasia
(ARVC/D) is a genetically transmitted disease affecting the
cardiac muscle, characterised by progressive replacement of
cardiomyocytes by fatty and fibrous tissue, a high frequency of
complex ventricular arrhythmias and an increased occurrence
of SCD (Nava et al. 1988; McKenna et al. 1994; Cho et al. 2003;
Nagaoka et al. 2006; Marcus et al. 2010).
The most relevant clinical features of the disease are constituted by the frequent occurrence of life-threatening ventricular
arrhythmias, which can be responsible for syncope and SCD.
ARVC/D has been shown to be a major cause of juvenile SCD
(Thiene et al. 1988; Furlanello et al. 1998; Corrado et al. 2006;
Hamilton and Fidler 2009).
Arrhythmogenic right ventricular dysplasia is characterised
morphologically by the fibroadipose replacement of ventricular
myocardium tissue (Maron 1988). The disease may be segmental or involve the right ventricle diffusely. When the disease is
focal, it most frequently is located at the angles of the ‘triangle
of dysplasia’: the pulmonary infundibulum, the right ventricle
apex and the inferior wall of the right ventricle (Gallo and
d’Amati 2001). Upon gross examination, the heart discloses
little or no dilatation of the right ventricle and transmural
fibrofatty replacement of the right ventricle musculature
(Corrado et al. 1997). In ARVD the spectrum of the morphological appearance may range from concealed right ventricular
myopathic changes to biventricular cardiomyopathy. Histologically, ARVD is characterised by substitution of the myocardium
with adipose or fibroadipose tissue. Inflammatory infiltrates
with focal myocyte necrosis are often present. The following
pathological features must be assessed and graded in histological specimens: myocardial atrophy and fatty replacement;
myocardial fibrosis; myocyte degeneration or necrosis; and
interstitial cell infiltrates (Turillazzi et al. 2006).

33.2.8 Stress cardiomyopathy
Stress cardiomyopathy is:
. . . a recently described clinical entity characterized by
acute but rapidly reversible LV systolic dysfunction in the
absence of atherosclerotic coronary artery disease, triggered by profound psychological stress. This distinctive
form of ventricular stunning typically affects older
women and preferentially involves the distal portion of
the LV chamber (‘apical ballooning’), with the basal LV
hypercontractile. Although presentation often mimics
ST-segment–elevation myocardial infarction, outcome is
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favorable with appropriate medical therapy (Maron et al.
2006; Fineschi et al. 2010).
Stress-induced cardiomyopathy, also called transient left
ventricular apical ballooning syndrome, broken heart syndrome, ampulla cardiomyopathy and, in Japan, takotsubo
cardiomyopathy (TC), is an increasingly reported syndrome
characterised by transient apical or left midventricular dysfunction that mimics MI, but in the absence of significant coronary
artery disease (Hansen 2007; Sealove et al. 2008). Because of the
pathophysiological significance of stress hormones in this
disorder, the term ‘stress-induced cardiomyopathy’ (SICM)
appears to be the most accurate (Cocco and Chu 2007). The
onset of SICM is typically triggered by an acute medical illness
or by intense emotional or physical stress (e.g. death of relatives,
particularly if unexpected, domestic abuse, arguments, catastrophic medical diagnoses, devastating financial or gambling
losses, natural disasters) (Reeder 2007). The incidence and
prevalence of SICM is uncertain. Some of the best available
estimates come from four small series of consecutive patients
presenting with a suspected ACS, which were included in a
larger systematic review (Reeder 2007). Thus, a conservative
estimate of the annual rate of SICM in the USA may be
7000–14 000 cases (Prasad et al. 2008).
The overall prognosis for SICM is good without any form
of treatment, provided the patient survives the severe heart
failure period. Indeed, the reversibility of left ventricular dysfunction is a hallmark of the syndrome. However, mortality
rates range from 0% to 8% (Movaheda and Donohueb 2007).
Left-sided heart failure with and without pulmonary oedema
is the most frequently reported complication. Infrequently, cardiogenic shock, ventricular arrhythmias, left ventricular mural
thrombus, mitral valve dysfunction, pulmonary embolism
(PE), and left ventricular rupture have been reported (Brenner
and Powers 2008). In-hospital mortality rates have ranged from
0% to 8%, and mortality was 1% in the largest series of 88
patients in Japan. Patients who survive the acute episode typically recover normal ventricular function within 1–4 weeks.
Late sudden death and recurrent disease have occurred in occasional patients (Reeder 2007).
The pathophysiology of SICM is not well understood. Proposed mechanisms for catecholamine-mediated stunning in
stress cardiomyopathy include epicardial vasospasm (Fig.
33.11), microvascular dysfunction, hyperdynamic contractility
with midventricular or outflow tract obstruction, and direct
effects of catecholamines on cardiomyocytes (Hansen 2007).
Rather than ischaemia, the prime cause is a molecular/ion disorder of a small or large focus of myocardial cells triggered by
the autonomic nervous control, particularly by the adrenergic
system. The hypothesis is that SICM is a catecholaminemediated form of myocardial stunning due to adrenergic stress,
different to those caused by transient episodes of ischaemia
secondary to coronary stenosis.
The morphological pattern is represented by myocardial
CBN, the pathognomonic lesion of myocardial catecholamine

Mental stress

Physical stress
Catecholamine
surge

Individual
susceptibility
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myocardial
perfusion

LVOT
obstruction
Myocyte
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Figure 33.11 Catecholamine-induced cardiotoxicity. Coronary
vasospasm could impose a secondary ischaemic insult,
superimposed on the primary epinephrine-induced apical
stunning and myocyte injury. LVOT, left ventricular outflow
tract. Reproduced with permission from Fineschi et al. (2010),
© Elsevier.

damage linked with peroxidation. Hypercontraction of the
myocells with a breakdown of the whole contractile apparatus
with markedly thickened Z lines and extremely short sarcomeres is observed in the fatal case (Baroldi et al. 2001). CNB may
range from foci formed by one or a few myocells to large zones
of myocardium in the absence of interstitial /intermyocellular
haemorrhage. Paradiscal lesions formed by a unique band of
hypercontraction involving 10–15 sarcomeres adjacent to an
intercalated disc can be seen histologically.

33.2.9 Other cardiac conditions
Other cardiac conditions can cause sudden death. These may
infer to extramural coronary arteries (i.e. congenital anomalies
of coronary arteries, extramural coronary arteritis, coronary
ostial stenosis, coronary embolism, coronary dissecting aneurysm and mural coronary arteries). Coronary artery anomalies
are rare and detected incidentally in less than 0.3% of autopsies.
The incidence of these anomalies is estimated to range from
0.2% to 1.2% (Frescura et al. 1998; Taylor and Virmani 2001).
The classification of coronary anomalies has been developed in
accordance with the origin, course and termination of the
anomalous vessel. Certain anomalies are related to syncope,
angina pectoris, exertional dyspnoea, heart disease and sudden
death. Most coronary anomalies did not result in signs, symptoms or complications, and usually were discovered as an incidental finding at the time of catheterisation. Most of them are
benign anomalies. Anyway coronary anomalies may be associated with potentially serious sequelae such as angina pectoris,
MI, syncope, cardiac arrhythmias, congestive heart failure or
sudden death (Shirani and Roberts 1993).
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The only pathological findings of the intramural arterial
system reported in the literature associated with sudden death
are platelet aggregates and fibrin–platelet thrombi or emboli
(Jorgensen et al. 1968; Haerem 1972; Frink et al. 1978;
El-Maraghi and Genton 1980; Falk 1985; Davies et al. 1986).
These lesions were considered responsible for acute ischaemia
causing sudden death. Emboli with cholesterol crystals were
demonstrated in four of 25 (Falk 1985) and in two of 90 (Davies
et al. 1986) cases.
Congenital heart disease (CHD) may be associated with
sudden death and sudden death may also be the initial presentation of undiagnosed CHD. In a recent retrospective descriptive study (Hamilton et al. 2011) it is outlined that, despite its
rarity (0.2% of all cases investigated between 1991 and 2007),
CHD remains an important cause of SCD to be recognised at
adult autopsy. Bicuspid aortic valve and anomalous coronary
anomalies were the most common malformations, comprising
36.9% and 26.2% of cases, respectively. However, a wide spectrum of simple to complex malformations can be seen, with or
without prior surgery, and over a wide age spectrum.
Tumours of the heart are rare compared to other cardiac
diseases. Their clinical symptoms vary from absent to nonspecific, yet they are important since they can cause significant
morbidity or even sudden death.
Lesions of cardiac valve, both congenital and acquired, may
cause sudden death. So a careful examination of the valvular
system of the heart is mandatory in cases of otherwise unexplained sudden death.

33.3 Non-cardiac causes of
sudden death
33.3.1 Pulmonary disease
Thromboembolism
Deep vein thrombosis (DVT) and PE, known collectively as
venous thromboembolism (VTE), affect an estimated 900 000
people in the USA each year, resulting in several hundred thousand hospitalisations and about 300 000 deaths (Raskob et al.
2010).The incidence ranges from 1/100 000 in young people
increasing to about 1/100 in people aged ≥80 years (Heit 2008;
Beckman et al. 2010). The clinical diagnosis of PE is notoriously
inaccurate, with many cases either wrongly diagnosed (overdiagnosed) or missed (underdiagnosed), and autopsy is still
considered as the diagnostic gold standard. The clinical diagnosis of PE is notoriously unreliable and the accuracy of antemortem diagnosis of DVT and PE is within the range of just
10–30% (Steiner 2007), so representing one of the most frequently missed diagnoses in sudden unexpected death (SUD).
The best estimates of the proportion of deaths due to PE have
been obtained from autopsy studies. A large autopsy study performed in Sheffield, UK, showed, that 10% of hospital deaths

were due to PE (Sandler and Martin 1989). The VTE Impact
Assessment Group in Europe (VITAE) study reached a similar
conclusion by extrapolating from the number of diagnosed
DVTs to an estimate of the number of deaths from PE. The
study estimated that there were 543 454 VTE-related deaths
(12%) across the European Union per annum. Of these, 71%
were hospital acquired (Cohen et al. 2007). Rubinstein et al.
(1988) found at autopsy that 3.4% of deaths were due to PE.
Cohen et al. (2007) demonstrated a significant reduction of
fatal PE over a 25-year period of 6.1% to 2.1%, attributed to
the introduction of thromboprophylactic measures and changes
in hospital practices. Stein et al. (2006) found that 5.4% of
hospital deaths were due to PE at autopsy. Conclusively, the true
incidence of thromboembolic disease is still not known and the
prevalence of PE at autopsy varies widely in different published
autopsy series, from not less than 10% in unselected material
(Woolf 1998); in 20% of all hospitalised patients (Riede et al.
1998); in 20–60% of adult autopsies (Kissane 1985); in more
than half of all autopsies (Rubin and Farber 1994); in about
10% of adults who die suddenly in hospital (Damjanov 2002);
approximately 3.5% of all hospital deaths (Braunstein 1987);
1% in the general population of hospital patients; and 30% in
patients dying after severe burns, trauma or fractures (Kumar
et al. 2005). The incidence of PE at autopsy is strongly influenced by the nature of the population surveyed (age and nature
of patients, i.e. surgical, oncological, gerontological), by the
mode of selection for postmortem examination and, in particular, by the care with which the autopsy is performed (Steiner
2007).
In all cases of suspected sudden death due to pulmonary
thromboembolism, autopsy dissection, documentation and
studies concerning pulmonary emboli are mandatory. Emboli
may be identified either in the main pulmonary trunk or in
the proximal right or left pulmonary arteries formed from the
bifurcation of the main trunk. Often, emboli are found in
the distal pulmonary arteries after further division of the right
and left pulmonary arteries. Pulmonary infarctions that appear
as dark areas where the air space has become filled with blood
are frequently seen. They are commonly multiple. In all cases
of suspected pulmonary thromboembolism, dissection of the
deep veins of the legs has to be performed systematically to
search for the starting point of venous embolism. However,
the absence of thrombus from these veins does not exclude
them as the site of thrombosis since dislodgement and embolisation may leave no residual disease. Emboli also can originate
from the pelvic veins, the inferior vena cava and the upper
extremities.
The most relevant criticism in forensic autopsy in cases of
fatal pulmonary thromboembolism is the objective age determination of the thrombus which is of paramount importance
in the forensic setting and requires thorough knowledge of the
general and specific pathology of PTE. Many authors attempted
to graduate the histological findings of DVT, classifying the
chronological phenomena into phases using histochemical
methods only. The first attempt to subdivide the morphological
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transformation of the thrombus for a forensically utilisable age
determination was established by Moller (1923) and afterwards
by Sevitt (1977). The experimental results of Irniger are the
cornerstone and the criteriological summae about forensic–
histological age determination (Irniger 1963). More recently,
Olsen (1980) and Leu and Leu (1989) established important
findings concerning thrombotic changes and chronological
organisation. Janssen (1984) and Saukko and Knight (2004)
warn about the forensic utilisation of such criteria and a chronological distinction into excessive detailed stages. It is also difficult to use histological criteria to date the free embolus from
the lungs, as it is the thromboendothelial junction that provides
the most information (Saukko and Knight 2004) (Fig. 33.12).
However, the observed transformation of the thrombus by
organisation is suitable for a forensically utilisable age determination. The criteria to determine the chronological changes in
the venous sites of thrombosis are supported by many technologies and methodologies available to forensic scientists, but

are unfortunately very rarely applied in daily judicial practice
(Janssen 1984). In a previous study (Fineschi et al. 2009) the
authors stated that the experimental results of Irniger are no
longer useful for forensic purposes because only three stages
can be distinguished with any degree of certainty and proposed
a possible classification based on histological age determination
of the thrombus confirmed by immunohistochemistry and
confocal laser scanning microscope (CLSM) observations as
summarised in Table 33.9.
Histological age determination of thromboses is a valid aid
to date the DVT phenomenon and the chronological changes
of the thrombus, so the forensic pathologist can objectively
determine the causal relationship between a previous trauma
and the following fatal PTE episode.
Finally, a complete methodological postmortem approach
in fatal pulmonary thromboembolism may require genetic
investigations (Fineschi et al. 2012). Careful attention has to be
paid when two or more persistent or transient risk factors are

(a)

(b)

(c)

(d)

Figure 33.12 Gross and microscopic appearance of pulmonary embolism. (a) Preparation of main pulmonary arteries at the dissecting
table. The dissection of the pulmonary arteries has been performed to search for emboli. (b) Histological aspects of emboli in the distal
pulmonary arteries. White blood cells, platelets and erythrocytes are well preserved and densely agglomerated by fibrin (H&E, 40×).
(c) The same image with Mallory stain (40×). (d) Pulmonary infarction (H&E, 20×).
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Table 33.9 Histological age determination of venous thrombosis and embolisms. Reproduced with permission from Fineschi et al.
(2009).
Phase I: 1st to 7th day

Flowing blood on an endothelium, eliciting a platelet plug and fibrin deposition with a layered growth
(Zahn’s lines)
No reactions between endothelium and thrombus are visible
Erythrocytes are preserved and agglomerated
Initial white blood cells pyknosis
Monocytes cells with enlarged nuclei
Calcium is observed as precipitates with von Kossa stain
The thrombus at its initiation is firmly attached to a small portion of the vessel wall and is not easily
removed to leave fragments in situ. On the contrary, a coagulum maintains the usual blood
composition (i.e. prevailing red cells plus leukocytes and platelets and a fine network of fibrin), is not
attached to the endothelium, and can be easily removed

Phase II: 2nd to 8th week

Endothelial budding and proliferative changes of the medial ring represented by penetration of
fibroblasts
Macrophages containing haemosiderin predominate, red blood cells ghosts and fibrinous transformation
The ribbons of fibrin changing to coalescences trapping white cells
Free surface of thrombus is covered by endothelium
Scattered nuclear debris of white blood cells

Phase III: older than 2nd
month

Completely hyalinised thrombus with central sinuous cavities and more advanced recanalising
neoformed larger vessels with fresh flowing blood
Few white cells are visible between compact, fibre-rich and cell-deficient connective tissue

combined. On the contrary, if there is an acquired risk such as
major trauma, surgical intervention or in the case of a bedridden subject, then it is not necessary any more to perform a
genetic investigation (Fig. 33.13).

Pneumonia
In the general population pneumonia rarely causes sudden
death; more often than not, pneumonia-related deaths do not
occur quickly. Respiratory and/or systemic symptoms and signs
are often present before death occurs. People at risk for more
serious and even fatal pneumonia typically have impaired
immune systems such as people with human immunodeficiency virus (HIV), transplant patients, young children (especially those with heart defects), the elderly and those who are
immunocompromised for whatever reason (Fineschi and
Turillazzi 2009).
Occasionally, sudden deaths due to pneumonia have been
described; recently, Ventura et al. described two fatal cases in
young adults in which the cause of death was cardiorespiratory
failure following an acute bilateral pneumonia with diffuse
alveolar damage and acute respiratory distress syndrome
(ARDS) associated with sepsis and disseminated intravascular
coagulation (Ventura et al. 2010).
In recent years, a sudden increase has been reported in the
number of severe atypical pneumonia cases – atypical pneumonia during the onset of influenza A (H1N1) virus epidemic –
which began with flu-like symptoms and rapidly progressed to
death in patients with risk factors (chronic conditions and/or
obesity) and in otherwise young healthy people. In December
2009, it was reported that 9596 deaths had been associated with

the pandemic influenza (A/H1N1pdm) virus infection worldwide (WHO 2009). Some reports have stressed extensive alveolar damage in the physiopathology of these cases and patients
can have severe lung compromise even without showing signs
of respiratory distress, which in turn will be the cause of death
in a few hours (Kash et al. 2004, 2006; Knobler et al. 2005). In
most of the fatal cases reported, extensive mucosal erythema
and oedema of the larynx, trachea and bronchi are reported;
the lungs were diffusely congested and haemorrhagic. Histological findings caused both by the virus and by superimposed
bacterial infection often coexist. Hyaline membranes lining
alveolar ducts and adjacent alveoli and intra-alveolar haemorrhages are generally found. Diffuse alveolar damage (DAD) is
more prominent in patients requiring mechanical ventilation
and supplemental oxygen. The alveolar air spaces contained
oedema fluid, strands of fibrin, desquamated epithelial cells,
erythrocytes and inflammatory cells composed mostly of lymphocytes with neutrophils especially when a superimposed bacterial infection coexists. Abnormalities in the trachea, bronchi
and bronchioles occur in most cases, the most important being
acute necrotising tracheobronchitis, bronchitis or bronchiolitis.
Mild chronic inflammation of the airways and degenerative
changes of the lining epithelium are also common. Immunohistochemical techniques can demonstrate nuclear and cytoplasmic positivities to virus nucleoproteins in damaged type 2
pneumocytes and/or inflammatory cells. The major finding
attributable to superimposed bacterial infection is acute bronchopneumonia, characterised by oedema accompanied by a
neutrophilic infiltrate within alveolar spaces (Mukhopadhyay
et al. 2010; Rosen et al. 2010). Table 33.10 summarises the main
pathological findings in eight fatal cases of influenza A/H1N1.
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Pulmonary thromboembolism
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Figure 33.13 Methodological postmortem approach in fatal pulmonary thromboembolism. PTAH, phosphotungstic acid haematoxylin;
VT, venous thrombosis. Reproduced with permission from Fineschi et al. (2012), © Elsevier.

In addition to cases in which death is preceded by respiratory or flu-like symptoms more or less evident, the sudden
deaths of patients with pandemic influenza (A/H1N1pdm)
virus infection by ARDS have been reported (Takiyama et al.
2010) in which severe alveolar damage was evident at histological lung examination. Clinical and autopsy data showed that
patients died due to an exceptionally rapid progression of viral
pneumonia.
Conclusively, the main cause of death from influenza A/
H1N1 infection is ARDS. Most fatal cases occur in immunocompromised patients or patients with a severe underlying
disease. Associated acute myocarditis, even in the absence of
significant respiratory tract infection, may lead to sudden death
(Erden et al. 2011; Gdynia et al. 2011).
Apart from cases of sudden death described in the course of
epidemic influenza and due to severe influenza pneumonia,
pulmonary infections are usually a more frequent cause of
sudden death in children than in adults. Consequently, the
forensic pathologist may be confronted with cases of SUD,
which are the sequelae of the fulminant course of a previously
undiagnosed pneumonia. Cardiorespiratory arrest outside hos-

pital occurs in approximately 1/10 000 children a year in
resource-rich countries, with two-thirds of arrests occurring in
children under 18 months of age. Approximately 45% of cases
have undetermined causes, including sudden infant death syndrome (SIDS). Of the rest, 20% are caused by trauma, 10% by
chronic disease and 6% by pneumonia (Writer 2010). The high
predominance of respiratory deaths is probably explained by
the relative immaturity of children’s lungs, and the fact that the
body’s resistance is reduced (Fineschi and Turillazzi 2009). In
the recent largest single-institution autopsy study of SUD in
infants (1516 paediatric postmortem examinations), 546 presented as SUD in infancy; in 202 infants (37%), death was
explained by the autopsy findings. The other 344 cases (63%)
remained unexplained. Of the explained deaths, over half
(58%) were infective, most commonly due to pneumonia
(22%) (Weber et al. 2008). In a series of 265 autopsies of children with SUD, the main cause was disease of the respiratory
system (total 113 cases; 42.6%), including lobular pneumonia
(28.3%), aspiration pneumonia (24.8%) and viral pneumonia
(16.8%). In another study, Heininger et al. (2004) enrolled 254
infants with SUD; an autopsy diagnosis of sudden infant death
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3+

1+

1+
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+p

2+

A

1+

A

A

1+

1+

A

1+

A

A

A

A

A

A

A

A

Severe
macrosteatosis

Hepatomegaly
(3275 g).
Moderate
micro- and
macrosteatosis

Cardiomegaly
(400 g)

Cerebral oedema
(1375 g)

Other findings

Rare giant
cells

Cardiomegaly
(675 g).
Hepatomegaly
(2075 g)

Hepatomegaly
(4500 g).
Micro- and
macrosteatosis

Right ventricular
dilatation. Heart
(43.7 g), liver
(333 g)

Bilateral, small Cardiomegaly
serous
(500 g). LVH
sanguineous
arterionephro
effusions
sclerosis. Liver
(1700 g).
Moderate
steatosis with
prominent
centrilobular
congestion

Non-caseating
granulomas

-

Lymphocyte
and
macrophage Acute
Capillary
Other lung
inflammation inflammation Eosinophils thrombosis findings

1+, mild; 2+, moderate; 3+, severe; A, absent; LVH, left ventricular hypertrophy; +p, patchy histopathological findings.

3+

1+

1+

1+

3+

+p

+p

2+

3

1+

3+

R: 625
L: 750

1+

2

2+

R: 1175
L: 1175

1

2+

3+

Lung
weight
Case (g)

2+

Tracheal
mucosal
congestion
Intraand
Necrotising Necrotising Necrotising Alveolar alveolar
Hyaline
haemorrhage bronchitis
bronchiolitis alveolitis
oedema haemorrhage inflammation

Table 33.10 Summary of pathological findings in eight fatal cases of influenza A/H1N1. After Rosen et al. (2010).
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syndrome (SIDS) was made in 76% of the infants. In the
remaining subjects, causes of death were respiratory or other
infections (14%), congenital anomalies or organ failures (4%),
aspiration (2%), or accidents or traumatic events (4%). Many
cases of SUD in children due to viral pneumonia have been
reported (An et al. 1993; Bajanowski et al. 1996; Hoang et al.
1999; Pfeiffer et al. 2006; Dettmeyer et al. 2008).
Generally, bronchopneumonia and pneumonia are characterised by widespread patchy areas of inflammation that begin
as a widely dispersed bronchitis and bronchiolitis; focal areas
of pneumonia then develop in the centres of the acini. The
consolidated areas are mostly larger and more numerous in the
lower lobes where they may be several millimetres across. Small
beads of yellow mucus can often be expressed from the bronchioles on the cut surface of the lung. In severe cases, patches
of consolidation may become confluent. Once the bacteria
reach the alveoli they elicit an acute inflammation, with copious
exudation of fluid and migration of neutrophils into the alveoli
(Corrin 2000). In lobar pneumonia (as in the case of pneumococcal infection), the changes are uniform throughout the
affected lobe.
Interstitial pneumonia, as caused by viruses, is defined histologically, but in its early stages the changes can be nonspecific; detection of the virus would therefore be required
to verify the diagnosis (Bajanowski et al. 2003; FernándezRodríguez et al. 2006). In viral pneumonia, the lungs appear
bulky, and may be hyperaemic (overfilled with blood). Bloodstained frothy fluid oozes freely from the cut surface. Areas of
haemorrhage are present and may be extensive. The mucosa of
the bronchial tree is very hyperaemic. The histological pattern
is characterised by interstitial pneumonitis, with extensive alveolar collapse, and filling of remaining alveoli with fluid and
desquamated epithelial cells. Alveolar epithelial damage is
common in viral pneumonia; it causes the formation of hyaline
membranes.
A particular form of interstitial pneumonia is acute interstitial pneumonitis (AIP), a fulminant disease culminating in
acute respiratory failure and often death. First described by
Hamman and Rich (1935), AIP is a life-threatening respiratory
disease of unknown cause that occurs in patients of both
genders equally; generally, it occurs in previously healthy people
with no significant medical history. Patients report a prodromal
(before main symptoms) illness lasting several days with fever,
non-productive cough and malaise, followed by the acute onset
of progressive shortness of breath, which rapidly evolves to
respiratory failure. Other signs and symptoms that may be
present include cyanosis, crackles, wheezing, haemoptysis, diaphoresis and hypotension (Vourlekis et al. 2001; Vourlekis
2004). The radiological and histological patterns are those of
ARDS; however, AIP differs from ARDS because, in the former,
there is an absence of known inciting events and multiorgan
failure does not occur. While mortality in all patients with
ARDS has decreased over the years, there have been no analogous reports of an improvement in survival rates for patients
with AIP; in every reported series, the hospital mortality has
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been >50% (Quefatieh et al. 2003). The authors have previously
reported a fatal case of AIP in a 15-year-old boy with sudden
death (Turillazzi et al. 2007). The postmortem diagnosis was
made on the basis of the convergence of clinical onset and
course, anatomical, pathological and radiological findings, as
well as the exclusion of each known cause of ARDS, in particular infections, confirmed by negative results of microbiological
analysis, and of immunohistochemical and laboratory tests for
the detection of more common respiratory viruses. The exact
pathogenesis of AIP remains a mystery; thus, the diagnosis of
AIP remains a diagnosis of exclusion. The differential diagnosis
includes infectious pneumonia, ARDS, drug-induced lung
disease, acute pancreatitis, congestive heart failure (CHF), connective tissue disease and other acute forms of interstitial lung
disease. The histological features of AIP, as seen in open lung
biopsies or autopsies, are those of DAD, a non-specific pattern
of acute lung injury deriving from numerous causes, which
shows both epithelial and endothelial injury. Histological lung
examination generally shows the typical findings of DAD: alveolar septa mildly thickened by oedema and capillary congestion, alveolar oedema, hyaline membranes lining the denuded
alveolar walls, hyperplastic type 2 pneumocytes, alveolar infiltrates of PMN neutrophilic leukocytes, pigmented macrophages, monocytes and plasma cells, and fibrin thrombi in
small arteries (Fineschi and Turillazzi 2009).

Asthma attack
Deaths from asthma are quite uncommon. Sudden catastrophic
episodes of asthma occur but are very rare. Domestic problems,
family discordance, neglect, smoking, denial, non-compliance
with medication, failure to attend appointments and delay in
seeking medical help, have all been shown to contribute to
adverse outcomes. Failure to recognise the seriousness of the
terminal episode or to treat the episode appropriately remains
the chief contributing cause of poor outcome. Asthma deaths
are often misclassified; in a large recent study on a population
of 5.25 million, only 60% of deaths notified as asthma related
were confirmed as asthma deaths. A very common confusing
element is chronic obstructive pulmonary disease (COPD) in
older people (Harrison et al. 2005).
Also, in childhood, asthma deaths are uncommon; between
1990 and 2000 asthma-related deaths among children aged
under 5 years and those aged 5–14 years remained uncommon
at around two per million each year (Gupta and Strachan
2004). Severity of asthma is an important risk factor for paediatric asthma deaths; however, it is of interest that almost half
the deaths occurred in children with mild to moderate asthma.
In the Victoria study, the majority of deaths could not be classified as ‘high risk’, with 33% judged to have a history of trivial
or mild asthma and 32% no previous hospital admissions for
asthma (Robertson et al. 1992); the results recently reported by
Anagnostou et al. (2012) are in accord with the Victoria study.
Bronchial asthma is caused by allergic airway inflammation,
resulting in reversible airway obstruction, characterised by
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airway hyperresponsiveness, bronchoconstriction, increased
mucus secretion and an increase in lung vessel permeability.
The pathophysiological changes in asthma have been attributed
to the altered expression of biologically plausible proteins associated with transcriptional pathways, inflammatory mediators,
chemokines, cytokines, apoptosis and cell proliferation. Inflammatory cells, such as eosinophils, activated T cells, mast cells
and macrophages, structural tissue cells such as epithelial cells,
fibroblasts and smooth muscle cells play an important role in
the pathogenesis of asthma through the release of various
mediators, cytokines and chemokines, resulting in an acute
inflammatory response. Vascular leakage, mucus hypersecretion, epithelial shedding and widespread airway narrowing are
the main morphological characteristics in asthma. The ongoing
release of mediators induce structural changes in the airway
wall; increased thickness of the basement membrane, increased
collagen deposition, changes in bronchial microcirculation, and
smooth muscle hypertrophy and hyperplasia are the resulting
findings (Chiappara et al. 2001). Epithelial shedding in airways
may be related to increased apoptosis (Vignola et al. 2000; Zhou
et al. 2011).
The autopsy diagnosis of asthma death is very challenging
for the forensic pathologist since a number of conditions that
may clinically mimic asthma have to be excluded before asthma
can be accepted as cause of death (Byard 2011) (Table 33.11).

Moreover, autopsy and histological findings may be modified by attempted resuscitation and very often do not correlate
with the severity of clinical manifestations (Robin and Lewiston
1989; Byard 2011).
Autopsy generally shows lung hyperinflation; recently a rare
case of fatal asthma associated with bilateral lung collapse has
been described (Young 2010). Histological findings related to
chronic bronchial asthma are represented by thickened airway
smooth muscle layers which can be increased only in the larger
airways or in the entire airways in bronchial trees, from the
central to peripheral regions. Mucosal oedema is also a notorious finding in bronchial asthma as well as subepithelial fibrosis,
deposition of matrix around the airways, and mucus plugging
with increased tall columnar airway–epithelial cells, goblet cell
hyperplasia, enlarged submucosal mucus glands and angiogenesis (Ebina et al. 1990; Ebina 2008). Beyond the extensive structural changes to the small airways, considerable infiltration
of mast cells in the distal lung has also been demonstrated
(Johnson and Hamid 2012). Immunohistochemistry is a useful
tool to investigate the complex interaction between various cell
types beyond the inflammatory and remodelling processes that
underlie asthma.

33.3.2 Neurological disease
Sudden unexpected death in epilepsy

Table 33.11 Conditions that may mimic asthma. After Byard
(2011).
Upper respiratory
airway

Infection – retropharyngeal abscess,
Ludwig’s angina, epiglottitis,
laryngotracheobronchitis
Infiltrating disease – Wagener’s
granulomatosis, amyloidosis,
sarcoidosis
Laryngeal stenosis
Vocal cord paralysis
Laryngotracheal tumours
Tracheal stenosis
Trachea- and bronchomalacia
Foreign body impaction
Extrinsic compression – goitre, vascular
ring, mediastinal tumour, innominate
artery aneurysm, oesophageal foreign
body, achalasia

Lower respiratory
airway

Chronic lung disease – cystic fibrosis,
chronic obstructive airways disease,
bronchopulmonary dysplasia
Endobronchial tumours
Pneumonia

Cardiovascular

Congestive cardiac failure
Pulmonary thromboembolism

Gastrointestinal

Aspiration syndromes
Congenital diaphragmatic hernia

Miscellaneous

Anaphylaxis

Epilepsy is one of the most common serious brain disorders; it
is a malignant condition, which has a high rate of premature
death compared to the general population. Most of the excess
death is due to the underlying disease causing epilepsy, and
some is epilepsy-related including trauma, suicide, aspiration
pneumonia and status epilepticus, but most are due to SUD in
epilepsy (SUDEP) which is a leading cause of mortality in epileptics (Duncan et al. 2006; Nashef and Ryvlin 2009; Surges and
Sander 2012).
SUDEP is generally defined as a sudden unexpected witnessed or unwitnessed, non-traumatic and non-drowning
death in patients with epilepsy, with or without evidence of a
seizure and excluding documented status epilepticus, in which
postmortem examination does not reveal a toxicological or
anatomical cause of death (Nashef 1997). Recently, the same
authors proposed a revisited and unifying definition which, in
addition to concepts inherent in the previous definitions, contains nine main recommendations:
1. The word ‘unexpected’ and not the word ‘unexplained’
should be uniformly used in the term SUDEP.
2. The SUDEP category should be applied when appropri
ate, whether or not a terminal seizure is known to have
occurred.
3. The ‘Possible SUDEP’ category should be used only for
cases with competing causes of death, with cases left unclassified when data are insufficient to reasonably permit their
classification.
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4. Cases that would otherwise fulfill the definition of SUDEP
should be designated as ‘SUDEP Plus’ when evidence indicates that a preexisting condition, known before or after
autopsy, could have contributed to the death, which otherwise is classified as SUDEP (e.g. coronary insufficiency
with no evidence of myocardial infarction or long-QT syndrome with no documented primary ventricular arrhythmia leading to death).
5. To be considered SUDEP, the death should have occurred
within 1 h from the onset of a known terminal event.
6. For status epilepticus as an exclusion criterion for SUDEP,
the duration of seizure activity should be 30 min or more.
7. A specific category of SUDEP due to asphyxia should not
be designated, the distinction being largely impractical on
circumstantial or autopsy evidence, with more than one
mechanism likely to be contributory in many cases.
8. Death occurring in water but without circumstantial or
autopsy evidence of submersion should be classified as
‘Possible SUDEP’. If any evidence of submersion is present,
the death should not be classified as SUDEP.
9. A category of ‘Near-SUDEP’ should be agreed to include
cases in which cardiorespiratory arrest was reversed by
resuscitation efforts with subsequent survival for more
than 1 h. Scenarios that demonstrate the basis for each
SUDEP category are described. (Nashef et al. 2012)
SUDEP has an incidence ranging between 0.09 and 9/1000
patient-years depending on the patient population and the
study methodology. SUDEP is quite rare in childhood: Geerts
et al. (2010) quote an incidence of 3/10 000 person-years.
Several different mechanisms probably exist underlying
SUDEP, and most research has focused on seizure-related respiratory depression, cardiac arrhythmia, cerebral depression
and autonomic dysfunction (Duncan and Brodie 2011; Milroy
2011; Shorvon and Tomson 2011). Respiratory mechanisms
include central (brain) mediated apnoea following seizure
activity which prevents victims from breathing, neurogenic
pulmonary oedema, asphyxiation by position and severe postictal laryngospasm. Cardiac arrhythmias have been observed
associated with seizure activity. The most common cardiac
changes associated with seizures are ictal tachycardia (IT) and
ictal bradycardia (IB), followed by consecutive blood pressure
changes. IT is sometimes accompanied by electrocardiogram
(ECG) alterations and IB often degenerates to asystole (Devinsky 2004; Sevcencu and Struijk 2010). Schuele et al. reported an
incidence of ictal asystole in 0.27% of patients submitted to
videoelectroencephalographic monitoring confirming a possible association between ictal events and cardiac dysfunction
(Schuele et al. 2007). Conclusively, a genetic predisposition to
the development of a cardiac arrhythmia may represent a possible pathogenic mechanism in the sudden death of patients
with epilepsy.
SUDEP cases are often ‘negative autopsy’ and postmortem
findings are generally inconsistent and non-specific. Pathological findings are limited to lungs and brain, even if some degree
of organ congestion is detectable. Cerebral and pulmonary
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oedema are the main findings in SUDEP autopsies, but not to
a degree sufficient to cause acute death. Gross and microscopic
evidence of pulmonary haemorrhage may be detected (Terrence et al. 1981). Other findings may include evidence of a
recent seizure, secondary anoxic changes or underlying causes
of the epilepsy.
Heart examination is very important because of the autonomic alterations and cardiac changes existing in epilepsy;
rather than structural changes at autopsy, investigation of key
ion channel genes should be pursued. Tu et al. (2011) reviewed
the postmortem records of 68 SUDEP autopsies: genetic analysis was performed from postmortem blood; the coding regions
and intron/exon boundaries of the three most common LQTS
genes, i.e. the cardiac voltage-gated potassium channels KCNQ1
and KCNH2, and the cardiac voltage-gated sodium channel
SCN5A were analysed for DNA sequence variants. Genetic
analysis revealed 13% non-synonymous (amino acid changing)
variants in KCNH2 and SCN5A, all previously reported in
LQTS patients. Specifically, KCNH2 Arg176Trp and SCN5A
Pro1090Leu were identified once in SUDEP cases and absent in
control alleles (Tu et al. 2011). A part blood genetic analysis,
immunohistochemistry on cardiac tissue samples using antibody anti-ion channel may be a useful tool to demonstrate
reduction in ion channel expression in ventricular myocytes in
respect to control cases (Turillazzi et al. 2008; Turillazzi et al.
2009).
Conclusively, the potential of coexisting cardiac arrhythmias
as a contributory factor in SUDEP has been widely explored
(Nashef et al. 2007; Tu et al. 2011). Over one-third of referred
cases of SUDEP were found to harbour a genetic arrhythmiasusceptibility mutation (Heron et al. 2010; Surges et al. 2010).
The clinical pathologist should consider these hypothesised
mechanisms when approaching a SUDEP case; genetic studies
are required in order to assess a final diagnosis of SUDEP death.

Intracerebral haemorrhage
Non-traumatic intracerebral haemorrhage is bleeding into the
parenchyma of the brain that may extend into the ventricles
and, in rare cases, the subarachnoid space. Intracerebral haemorrhage is associated with a very high mortality rate. Depending
on the underlying cause of bleeding, intracerebral haemorrhage
is classified as either primary or secondary. Primary intracerebral haemorrhage originates from the spontaneous rupture of
small vessels in chronic hypertension or amyloid angiopathy.
Secondary intracerebral haemorrhage occurs in a minority of
patients in association with vascular abnormalities (such as
arteriovenous malformations and aneurysms), tumours or
altered coagulation. Although hypertensive intracerebral haemorrhage remains the most common form of intracerebral
haemorrhage, underlying vascular abnormalities should always
be considered in appropriate circumstances (Qureshi et al.
2001). Two types of small-vessel disease, arteriosclerosis/
arteriolosclerosis and cerebral amyloid angiopathy (CAA), are
the commonest causes of parenchymal brain haemorrhage.
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Table 33.12 Causes, means of diagnosis and characteristics of intracerebral haemorrhage. After Qureshi et al. (2001).
Causes

Primary means of diagnosis

Characteristics

Hypertension

Clinical history

Rupture of small arterioles related to degenerative
changes induced by uncontrolled hypertension

Amyloid angiopathy

Clinical history

Rupture of small and medium-sized arteries, with
deposition of β-amyloid protein

Arteriovenous
malformation

Imaging studies such as magnetic resonance
imaging and conventional angiography

Rupture of abnormal small vessels connecting
arteries and veins

Intracranial
aneurysm

Imaging studies such as magnetic resonance
imaging and conventional angiography

Rupture of saccular dilatation from a medium-sized
artery that is usually associated with subarachnoid
haemorrhage

Cavernous angioma

Imaging studies such as magnetic resonance
imaging

Rupture of abnormal capillary-like vessels with
intermingled connective tissue

Venous angioma

Imaging studies such as magnetic resonance
imaging and conventional angiography

Rupture of abnormal dilatation of venules

Dural venous sinus
thrombosis

Imaging studies such as magnetic resonance
imaging and conventional angiography

Rupture of haemorrhagic venous infarction

Intracranial
neoplasm

Imaging studies such as magnetic resonance
imaging

Results of necrosis and bleeding within hypervascular
neoplasms

Coagulopathy

Clinical history

Most commonly associated with use of anticoagulants
or thrombolytic agents

Vasculitis

Measurement of serological and
cerebrospinal fluid markers; brain biopsy

Rupture of small or medium-sized arteries with
inflammation and degeneration

Cocaine or alcohol
use

Clinical history

Underlying vascular abnormalities may be present

Haemorrhagic
ischaemic stroke

Imaging studies such as magnetic resonance
imaging and conventional angiography

Haemorrhage in region of regional infarction as a
result of ischaemic damage to blood–brain barrier

Arteriosclerosis/arteriolosclerosis-related haemorrhage tends
to be deep-seated within the brain (involving the basal ganglia,
thalamus, pons or cerebellum) and to rupture into the ventricular system. CAA-related haemorrhage tends to occur
within the cerebral cortex and superficial white matter, and may
extend into (or occur within) the subarachnoid space (Love
2011).
Table 33.12 summarises the main causes of intracranial
haemorrhage. Intracerebral haemorrhages commonly occur in
the cerebral lobes, basal ganglia, thalamus, brainstem (predominantly the pons) and cerebellum (Fig. 33.14).
The extravasation of blood generally disrupts the brain
tissue and grows in volume as the bleeding continues. Adjacent
brain tissue is distorted and compressed. The intracerebral
haemorrhage may remain relatively well circumscribed within
the cerebral matter or may rapidly and progressively enlarge
associated with diffusion into the white matter, cerebral herniation, intraventricular rupture and extension, or subarachnoid
extension. If the haemorrhage is extensive, midline structures
are displaced to the opposite side. Pressure from supratentorial
haematomas and the accompanying oedema may cause transtentorial brain herniation, compressing the brainstem and

often causing secondary haemorrhages in the midbrain and
pons, intraventricular or subarachnoidal extension. Extension
of intracerebral bleeding into the subarachnoid spaces is less
frequent compared with intraventricular haemorrhage (IVE).
Regardless of the specific cause of intracerebral haemorrhage, when a massive and extensive intraparenchymal haemorrhage is present the brain shows external morphological signs
of acute intracranial hypertension: swollen, flattened convolutions, leptomeningeal vessels filled with blood; the hemisphere
site of the haemorrhage is significantly increased in volume
compared to the contralateral. If bleeding extends into the subarachnoid space, subarachnoidal haemorrhage more or less
extended could be detected at gross external examination. Prior
to brain dissection, a careful examination of the circle of Willis
(Willis’ polygon) should be performed searching for aneurysm.
The commonest type of aneurysm is the berry (saccular) aneurysm, which is present in 2–5% of adults and in the majority
of cases involves the anterior part of the circle of Willis (i.e. the
proximal branch points or junctions of the internal carotid,
middle cerebral, anterior cerebral and anterior communicating
arteries). Usually these aneurysms into the subarachnoid space
are associated with retrograde spread of blood into the ventri-
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Cerebral lobes, originating from
penetrating cortical branches of
the anterior, middle or posterior
cerebral arteries
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Basal ganglia, originating
from ascending lenticulostriate
branches of the middle
cerebral artery

Thalamus, originating from
ascending thalamogeniculate
branches of the posterior
cerebral artery

Cerebellum, originating
from penetrating branches
of the cerebellar arteries

Pons, originating from
paramedian branches of
the basilar artery
Figure 33.14 Most common sites and sources of intracerebral haemorrhages.

cles, but sometimes the fundus of the aneurysm is partly
embedded in the adjacent brain, and rupture produces an
intraparenchymal haemorrhage (Love 2011).
Once the brain is dissected, an extensive amount of intraparenchymal blood is detectable; oedematous parenchyma, often
discoloured by degradation products of haemoglobin, is visible
adjacent to the clot. Histological sections are characterised by
the presence of oedema, neuronal damage, macrophages and
neutrophils in the region surrounding the haematoma.
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Postmortem Biochemistry as an Aid
in Determining the Cause of Death

Gerhard Kernbach-Wighton and L. Aurelio Luna

34.1 Introduction
Postmortem biochemistry or thanatochemistry can be defined
as: ‘The study of biochemistry parameters in the biological
means of the cadaver, for solving the problems presented by the
diagnosis of cause of death and the circumstances surrounding
it (data, survival time, etc.)’. We can date the appearance of the
term to 1963 when Evans published The Chemistry of Death,
even though Naumann had published a paper in 1950 entitled
‘Studies on postmortem chemistry’.
The use of biochemical markers in forensic pathology is
limited to a highly reduced number of pathologies and requires
special laboratories. Apart from a few rare exceptions, the diag
nostic side of thanatochemistry is still limited mainly to the
field of research. Complementary biochemistry analyses gain
importance in the following circumstances:
1. Metabolic morbid processes that do not leave morphologi
cal traces in the majority of cases, although histochemical
and pathological anatomy examinations are performed.
2. Iatrogenic and allergic processes.
3. Violent deaths that do not leave morphological alterations.
4. Cases of intoxication where the physiopathology consists
of biochemical alterations.
5. Processes with a pathological anatomy alteration requir
ing a minimum development time for results to be
objective.
The circumstances where an additional test may be considered
are diverse:
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•
•
•
•
•

To confirm a presumed diagnosis.
To exclude a possible diagnosis.
To guide a diagnosis in a confusing situation.
To interpret data that requires additional information.
As a routine test.
Postmortem alterations cause severe interferences to the
analysis of parameters such as lactic acid, glucose, pH, and so
on. This means limiting the number of elements in line with
the death data and establishing a gradation for their use, trying
to take the samples as quickly as possible. It is an absolute prior
ity to monitor the samples in accordance with the postmortem
interval. In such a small time interval it is very difficult to give
a full and systematic presentation of something so complex and
variable as biochemistry studies for complementary diagnosis
at autopsy.
The problems presented by biochemical techniques used on
cadavers are as follows:
1. The time the sample is taken. Establishing normal ranges
for different parameters to be evaluated. Many compounds
undergo significant biochemical, qualitative and quantita
tive transformations due to the processes that initially
begin during the agonal phase and then during autolysis
and putrefaction.
2. Selecting where to take the sample from. It is important to
establish a protocol for how to proceed with the collection
of biological samples, so there are no significant differences.
3. The condition of the sample. The sample must be wellprotected biological material, with no suspended cellular
elements (reduction of the effects of autolysis).
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4. Artefacts following autopsy and sample collection.
5. The biochemical composition of any organic fluid located
in a sealed compartment depends as much on the previous
pathology as the alterations that originate from the imme
diate cause of death.
When choosing a specific parameter as a diagnostic element,
there are two matters to be considered:
1. The modifications caused by the postmortem interval may
interfere with the evaluation.
2. That the specific marker exactly reflects tissue damage.
The ideal biochemical marker should meet all of the follow
ing conditions:
1. It should be specific and uniformly distributed in the fluid
to be examined.
2. It should be released only as a response to a cellular lesion
in which an alteration in the permeability of the cellular
membrane is produced.
3. Its release kinetics should be conditioned by the nature
of the mechanism responsible for damaging the cellular
membrane.
4. It should provide a real estimate of the organic lesion.
5. It should provide a real base for the diagnosis and quantita
tive evaluation of the lesion.
The biochemical determination of a marker will be closely
linked to its release kinetics, in which many factors will be
involved. In this way, the speed at which it appears in circula
tion appears to depend on blood flow and the circulation
pattern of the tissue in question. Damaged areas with poor
blood perfusion will release products more slowly. Areas with
better perfusion release biochemical elements more quickly.
In a cadaver, the postmortem diffusion of molecules gener
ally fits an exponential curve that is not defined by a simple
diffusion model. The rupture membranes by the autolysis, the
size of the molecules, differing concentrations and a relative
stagnation of fluids located in the interstitial space will all be
determining factors. Previous work has demonstrated the exist
ence of a postmortem circulation in a corpse, even causing
renal filtration that can influence the determination of different
enzymes. Firstly, there is a qualitative and quantitative differ
ence in the diffusion dynamics between vital processes and

postmortem processes given that, at first the integrity of mem
branes may be affected in a lesioned area, but there is clearance
of elements caused by the circulation influencing the surround
ing areas; whilst, secondly, in the cadaver this clearance process
stops and, moreover, the release kinetics fit a very complex
model. A classic accepted example of postmortem release is the
kinetics complying with Fick’s law of simple diffusion. This
model does not correspond to the biological reality where there
is a series of processes in which membranes are affected by
autolytic processes together with oncotic and osmotic pressure
on either side of it. This means a constantly changing physical–
chemical environment where the classic mathematical models
are obviously inadequate and demand new models to be defined
to reflect biological reality.
What information can biochemical analysis provide?
From a practical perspective it gives information about the
following:
• Early processes of cellular suffering.
• Established processes of cell necrosis.
• Autolytic processes.
The basic fluids for postmortem biochemical and toxico
logical complementary studies are as follows:
• Vitreous humour.
• Cerebrospinal fluid (CSF).
• Pericardiac fluid.
• Femoral blood/serum.
• Blood/serum from a jugular vein.
• Blood/serum from the right ventricle.
The efficiency criteria for the selection of a biological fluid
are as follows:
• Accessibility.
• Precautions when taking the sample.
• Handling requirements of the sample (centrifugation, etc.).
• Normal volume of the fluid.
• Possibility of interference from surrounding tissues.
• Possible interference from suspended cells.
• The general information provided.
• The locoregional information provided.
Table 34.1 shows the different fluids and their characteristics in
relation to the above criteria.

Table 34.1 Efficiency criteria for choosing a biological fluid.
Vitreous humour

Pericardial fluid

Cerebrospinal fluid

Femoral blood

Blood right ventricle

Accessibility

*****

**

*

**

**

Sampling precautions

*****

***

**

***

***

Sample handling

*****

****

***

***

***

Volume available

*

***

***

****

****

Possibility of interference

****

***

*

*

*

General information

**

**

**

***

***

Locoregional information

*

*****

*****

*

*
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34.1.1 Vitreous humour
Biochemical studies of the vitreous humour have proven to
be extremely useful for postmortem diagnostics. Postmortem
diffusion processes following the loss of the selective permea
bility of the cellular membranes are very quick and erratic in
other bodily fluids. Also, any alterations present in the serum
of living subjects will be reflected in vitreous humour.
Vitreous humour is anatomically protected and will suffer
the phenomena associated with autolysis later. It is also located
far from the large organs and blood vessels within the abdomi
nal cavity. It is most useful in the study of postmortem interval,
with the concentration of potassium being the most used deter
mining factor. There is a notable and steady rise in the concen
tration of potassium after death.
Questions to be considered in biochemical analyses of the
vitreous humour are as follows:
• What are the ‘normal values’ in vitreous humour in com
parison with the values in blood and serum?
• Are alterations in serum reflected in vitreous humour? If so,
how soon?
• Do the values in vitreous humour remain stable in the
corpse?
It is very difficult to answer these questions, as ‘normal values’
in the vitreous humour do not exist due to them being extrapo
lations of postmortem values. The only source of in vivo infor
mation is enucleated eyes and they, obviously, are all pathological
specimens. Furthermore, values in animals vary from one
species to another. Studies to establish normal values for differ
ent biochemical parameters began with Naumann and were
continued, in particular, by Coe and Madea. These studies
analyse the values of different biochemical parameters relating
to age, gender, cause of death, postmortem interval, previous
state of health and antemortem serum values. To solve this
problem, many studies have to be carried out using random
samples. In addition, the values obtained are used as a mirror
of the serum values, as postmortem serum concentrations may
not reflect those existing at the time of death due to autolysis.
Can the values in vitreous humour be taken as a reference for
those in serum when the individual died? It seems this can be
applied in cases where the concentrations obtained are particu
larly high.
The term ‘reference values’ has been introduced to resolve
many of these difficulties. The reference values for a diagnostic
test in clinical chemistry or forensic medicine must include five
main categories of specifications:
1. The reference population and how it was chosen.
2. The atmospheric and psychological conditions the samples
were collected under.
3. The techniques used and time spent collecting, transport
ing, preparing and storing the samples.
4. The analytical methods used with data on accuracy, preci
sion and quality controls.
5. The data observed and reference intervals derived.

The advantages of postmortem analyses of vitreous humour
can be divided into the following characteristics:
• It is easy to obtain a sample.
• Isolated anatomical position (protected from trauma, burns,
autolysis, putrefaction, etc.).
• It is a fluid with good (bio)chemical stability.
• It is easy to analyse.
• It is more resistant to bacterial contamination than blood.

34.1.2 Cerebrospinal fluid
Cerebrospinal fluid is very useful for studying both anoxic and
traumatic brain injury. The importance and relevance of
hypoxic brain injury evaluation through the study of enzymes
in CSF has been described repeatedly. The marker enzymes in
CSF, such as neuron-specific enolase and creatine kinase BB,
can be used to confirm the extent of brain damage and its
postmortem diagnosis in the absence of evident pathological
anatomy and morphological findings, such as for example in
diffuse brain injury and prolonged cerebral hypoxia.

34.1.3 Pericardiac fluid
Pericardiac fluid is the substrate of choice to study the bio
chemical expression of myocardial injury. The markers to
choose are creatine kinase–muscle brain (CK-MB) and tro
ponin I.

34.1.4 Diagnostic value
There are many causes of death which, although they have an
organic expression, are diagnosed clinically and on the body
exclusively through biochemical tests: diabetes, hypoglycaemia,
hypothermia, uraemic coma, hepatic coma, acute pancreatitis,
electrolyte alterations, anaphylactic shock, acute myocardial
infarction evolving quickly to death and infectious processes.
In other cases, thanatochemistry is the test that complements
the pathological anatomy diagnosis: myocardial infarction,
death by fat embolism and wound vitality.
It is evident that functional mechanisms of death are often
characterised by only sparse postmortem morphological
changes. Therefore, differential diagnosis has to be based
particularly on postmortem biochemical alterations which
frequently originate from illnesses with internal causes and
subsequent metabolic dysregulations such as diabetes mellitus,
alterations of kidney and liver function, and imbalances of
water and electrolytes. It is not rare that combinations of such
disturbances with problematic overlappings are seen due to
close physiological and biochemical links.
Postmortem biochemical analyses may represent the main
clue to the diagnosis of functional mechanisms or causes of
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death. One of the main problems is to be in a position to apply
clinical biochemical values on postmortem conditions. On the
one hand, there are considerable unpredictabilities regarding
general postmortem changes in body fluids. On the other, bio
chemical values in postmortem specimens may well represent
more or less the results of changes taking place during the
agonal or the early postmortem period. In contrast to clinical
biochemical estimations, values obtained postmortem do not
necessarily allow conclusions regarding the mechanism of
death. Postmortem diagnostic procedures therefore require a
critical way of looking at them.
Bodily fluids are usually obtained during the postmortem
examination. In cases with a limited external examination
appropriate samples of, for example CSF, vitreous humour,
blood and urine can also be taken by cannulation (e.g. suboc
cipital access, puncture of the eyeball or dissection of the
femoral vein and puncture of the urinary bladder). The cranial
cavity and the eyeball provide rather good protection of the
enclosed bodily fluids against the effects of decomposition.
After obtaining vitreous humour, the eyeball should be refilled
with water due to piety and cosmetic reasons. The volume of
CSF to be found varies from c. 50 mL (baby) to c. 135 mL
(adult). A few millilitres are sufficient for postmortem bio
chemical analysis and there is usually no problem obtaining
blood-free CSF. Approximately 1–2 mL of vitreous humour can
be obtained by the puncture of both eyeballs. Possible aspira
tion of small parts of the retina is of no further relevance.
Postmortem blood should be taken from the heart and a
(peripheral) femoral vein, and urine from the bladder imme
diately after dissection (a few millilitres per specimen).
During the postmortem examination, several screening
tests with diagnostic strips and tablets can be carried out
focused on the levels of for example glucose, bilirubin or ketone
bodies. Furthermore, there are a number of electronic devices

on the market, which can be used for such screening purposes.
These ‘near-table’ methods are useful to support or exclude
certain differential diagnoses at the time of the postmortem
examination (for further information see http://www.rochediagnostics.com (last accessed 15 April 2013)).

34.2 Glucose metabolism and
diabetes mellitus
34.2.1 Clinical aspects of diabetic coma
Diabetic coma is a life-threatening complication of diabetes
mellitus. Owing to a relative or an absolute insulin deficit, there
is a typical rise of the blood sugar level with the possibility of
further severe acute disturbances or serious damage to blood
vessels and nerves after longer duration. Depending on the age
group, the incidence of diabetes mellitus varies between
approximately 2% and 5%. Causes of the development of coma
episodes may include onset of unknown diabetes, missed
insulin injections, increased requirement of insulin due to acute
infections, poor diet, operations, gastrointestinal diseases or
even myocardial infarctions. Twenty-five per cent of all diabetic
comas are so-called manifestation comas with previous undi
agnosed diabetes mellitus. Infections are considered the most
frequent triggers for coma onset (c. 40% of cases). The fre
quency of fatal comas among known diabetics ranges between
0.5% and 1.5% in the age group 40–60 years. The overall
lethality from coma varies from 5% to 25% and rises to 70%
with coma of longer duration. Lethality of diabetic coma is
10-fold in 70-year-old individuals compared to 30-year-old
patients. Furthermore, the risk for coma in juveniles is 4–7-fold
higher than in adults (Table 34.2).

Table 34.2 Postmortem biochemical values in case of alterations in glucose metabolism.
Dysfunction
Coma (in general)

Parameter
a

Sum value
HbAlc
Glucose

a

Compartment

Results

Cerebrospinal fluid
Vitreous humour
Blood
Urine

Σ > 415 mg/dLb
Σ > 410 mg/dLc
>12.1%d
>25 mg/dLe

Ketotic coma

Acetone

Blood, cerebrospinal fluid
Vitreous humour
Urine

>21 mg/dLf
>5 mg/Lf

Hypoglycaemia

Sum value

Cerebrospinal fluid
Vitreous humour

Σ < 50–80 mg/dL
Σ < 100–160 mg/dL

According to Traub: concentrations of glucose and lactate.
Mean value = 500–600 mg/dL.
c
Mean value glucose = 300–950 mg/dL.
d
Mean value = 13–15%, non-diabetics = 9.15%.
e
Most coma cases >50 mg/dL, partly 2000–4000 mg/dL.
f
Coma: mean value = 100–150 mg/L.
b

633

634

PART IV   SUDDEN AND UNEXPECTED DEATH FROM NATURAL CAUSES

34.2.2 Types of diabetic coma
In typical cases, diabetes mellitus type I is associated with
ketoaemic coma, whereas hyperosmolar coma normally appears
as a consequence of type II diabetes mellitus. A lack of insulin
results in a rise of the blood sugar level with subsequent loss of
fluids and electrolytes. Additionally, the body uses increased
lipolysis to compensate the energy deficit resulting from the
inhibition of glucose metabolism leading to increased levels
of ketone bodies with metabolic acidosis. The latter may be
excessive (c. 500–1000 mg/L acetone or even higher), whereas
hyperglycaemia remains mostly moderate (approximately
250–600 mg/dL). Hyperosmolar coma is more rare (around
10–20% of the cases) and associated with relative insulin deficit
causing reduced peripheral utilisation of glucose with simulta
neous release of glucose from the liver. Low levels of insulin
prevent ketosis due to inhibition of lipolysis. Therefore, it is
typical to find excessive hyperglycaemia (often exceeding
1000 mg/dL) with ketosis lacking or being mild.
Diabetic coma may result in fatal outcome via different
pathophysiological pathways. Among others, there can be dif
ferentiated a cardiovascular type with predominant oliguria
or a renal type with acute kidney failure. Moreover, there
exists a pseudo-peritonitis type with the symptoms of an acute
abdomen. Typical accompanying diseases of fatal diabetic
decompensation may be myocardial infarction, apoplexy,
embolism, pneumonia, pancreatitis, pyelonephritis and a pre
disposition for lactic acidosis.
The most important bodily fluids for postmortem diagnos
tic purposes are CSF and vitreous humour using the so-called
sum value according to Traub, which provides a combined
calculation to compensate postmortem alterations of blood
glucose level due to glycolysis, accordingly. Furthermore, blood
can be used for estimations of the HbA1c level to assess the
long-term stability of the glucose metabolism. Urine analyses
can reflect acute acute periods of glucosuria and ketonuria.

asphyxia, pneumonia and pancreatitis. This aspect has also to
be taken into account regarding other body fluids.
Postmortem diagnosis of diabetes appears therefore an
area where thanatochemistry provides a number of possibilities
based on studies of glucose, lactate, fructosamine and
β-hydroxylbutyrate. Normal levels of glucose in vitreous
humour are c. 0–100 mg/dL. They have a diagnostic value if
they are high, but no value if they are low. A high level of
glucose in vitreous humour is quite a reliable indicator of a high
level of glycaemia antemortem. Levels of glucose in vitreous
humour above 200 mg/dL are considered indicative of diabetes
mellitus. Even if a glucose infusion is administered prior to
death, glucose in vitreous humour of normal subjects will be
below 200 mg/dL. The glycated haemoglobin in cardiac blood
is one of the markers for chronic hyperglycaemia that correlates
with values obtained from normal subjects. In cases of death
by diabetes levels of 427 mg/dL of glucose and 420 mg/dL of
lactate in vitreous humour have been observed. Examining
glucose in vitreous humour can be equally interesting in cases
of death from hypothermia where an increase glucose levels in
vitreous humour has been detected.

34.2.4 Lactic acid (lactate)
The product of postmortem glycolysis is lactate (normal level
in CSF c. 9 mg/dL). Its concentration increases postmortem
with a rate of approximately 10–15 mg/dL per hour up to the
tenth hour following death. After this time, the increasing rates
may vary considerably. Under differential diagnostic aspects
other disorders may also cause hyperlactacidaemia, for example
tumours, respiratory insufficiency, severe chronic inflamma
tions, uraemia, particularly inflammations of the central
nervous system or alcohol-induced types with lack of thiamine,
physical strain and also alimentary factors (e.g. strict fasting).

34.2.5 Sum value according to Traub
34.2.3 Glucose levels
The hourly metabolic decrease of glucose in CSF is approxi
mately 10–15 mg/dL but may vary between c. 5 and 45 mg/dL.
The hourly rate is expected to be below 1 mg/dL around 100
hours postmortem. Given normal metabolic conditions, there
fore, zero levels are reached after 10–12 hours. Longer persisting
glucose levels are indicative of antemortem hyperglycaemia.
The speed of postmortem glycolysis depends on a number
of factors (e.g. the temperature and duration of body storage).
Postmortem glycolysis is slower in diabetics compared to nondiabetic individuals, whereas obesity accelerates degradation of
glucose. Isolated assessment of elevated glucose levels in CSF
requires critical reserve (normal range c. 50–90 mg/dL), because
multiple other dysregulations may be accompanied by the same
symptom, such as carbon monoxide poisoning, acute cardiac
death, brain trauma, strangulation, protracted agonal period,

This combined calculation method, according to Traub, com
pensates arithmetically the postmortem production of lactate
from glucose by using a ‘sum value’. This is based on the fact
that 1 mol of glucose produces, via glycolysis, 2 mol of lactic
acid so that the concentrations can be added using milligrams
per decilitre. If the sum value exceeds 362 mg/dL in CSF, the
probability of fatal diabetic coma is about 89%, if other, toxi
cological and morphological alterations can be excluded. In
cases of diabetes mellitus, the sum value remains almost stable
up to the 200th hour postmortem. If there are non-diabetic
causes of death, the sum value increases up to the 30th hour
postmortem, but remains nearly stable afterwards. Although
the formula, according to Traub, has always to be used under
critical view, the sum value may be considered the most impor
tant criterion for the diagnosis of fatal diabetic coma. However,
the author’s own research has revealed that it appears to
be more realistic to increase the limit sum value in CSF to
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415 mg/dL (upper limit of the 95% confidence interval in cases
of cardiac death), with cases of diabetic coma ranging on
average between c. 500 and 600 mg/dL.

34.2.6 Conditions in vitreous humour
The calculation method according to Traub may also be applied
on vitreous humour. The glucose level herein is about 50–85%
of the serum glucose. Values for postmortem glucose concen
trations vary from 20 mg/dL (non-diabetics) to 90 mg/dL
(known diabetics), but wide variation ranges have to be taken
into account. Owing to slower glycolysis in vitreous humour
compared to CSF, normal glucose values may be found as long
as 2 days postmortem. In cases of fatal coma, glucose levels
between c. 300 and 950 mg/dL may be found. Lactate values are
already around 80–160 mg/dL in the intramortal period and
between c. 210 and 260 mg/dL approximately 20 hours post
mortem. The upper limit value is given as around 410 mg/dL
and if it is exceeded, it can be taken as a strong indication of
fatal diabetic coma, given the condition that other possibly
competing mechanisms can be excluded. The procedure is said
to be applicable until the 10th postmortem day.

34.2.7 Value of blood glucose estimations
Blood sugar alone are only of low diagnostic relevance, if at all
limited to peripheral blood from the femoral veins within the
first and second hour postmortem in which the level is c.
40–100 mg/dL. In contrast, glucose levels in central blood (right
ventricle of the heart) may easily reach 1000 mg/dL and over
due to postmortem hepatic glycogenolysis. Normally, postmor
tem glycolysis (approximately 13 mg/dL per hour) results in
complete metabolisation of the blood glucose within 6–8 hours.
This leads to a corresponding increase of lactate up to 180 mg/
dL after 1 hour and c. 450–680 mg/dL after 12–24 hours. Espe
cially due to postmortem diffusion of serum and its compo
nents from surrounding tissues into blood vessels, the sum
value cannot be used on blood.

34.2.8 Value of haemoglobin HbA1c
This glycosylated fraction of haemoglobin represents an impor
tant parameter regarding a basic diagnosis of diabetes mellitus.
Owing to the fact that kinetics of its formation is depending on
time and glucose concentrations, HbA1c can be used as a longterm indicator of diabetic conditions (so-called blood sugar
memory for c. 120 days). Levels of 6–8% (maximum of 10%)
are consistent with a normal glucose metabolism, whereas
higher concentrations are indicative of inappropriate metabolic
conditions (hyperglycaemias in the past). Periods of increased
blood sugar have to last for 6–8 hours minimum to cause sig
nificant rises of HbA1c due to its slow reaction kinetics. Further
more, the prefinal and postmortem drop of the pH value in
blood, caused by formation of lactate, are likely to result in a
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reduction of HbA1c because of separation of its unstable com
ponent. Blood sugar also decreases rapidly after death. The
stable part of haemoglobin A1c makes up approximately 90%
of the whole. For example, hyperglycaemia around 360 mg/dL
takes around 12 hours to cause an increase of HbA1c of c. 1.3%
absolute. In reverse, a reduction of around 5% needs approxi
mately 7 days.
There has been found a positive connection between sum
value, urine glucose concentration and HbA1c level. This means
that there usually is a coincidence of elevated sum value, high
urine glucose and elevated HbA1c. Haemoglobin A1c has proven
to be relatively stable versus autolysis especially in haemolysed
blood and can be measured postmortem in frozen samples and
also in samples stored in a normal fridge. It has been revealed
that storage at temperatures between +4 and –80°C does not
cause any relevant changes to the HbA1c concentrations. The
results are independent from the actual total haemoglobin level
because HbA1c is mostly measured as a percentage of the current
haemoglobin value.
Falsely elevated haemoglobin HbA1c concentrations can be
found due to increased fetal haemoglobin (HbF) levels in cases
of thalassaemia or advanced renal failure. In principle, HbA1c
has proven to be a reliable parameter for basic diagnosis of
diabetes mellitus without being too liable for interferences. It is
also possible to measure other glycosylated proteins such as
fructosamine, but assessment has proved to be rather difficult.
The mean levels of HbA1c in cases of diabetes mellitus differ
considerably from those in non-diabetic individuals and are
around 12.1% in diabetic coma (range c. 13–15%). However,
the lower portion of the range in case of diabetes mellitus may
overlap with the upper portions of the range in non-diabetic
cases as has been shown for the sum value.

34.2.9 Ketone bodies
Ketotic diabetic coma is characterised by an increased level of
ketone bodies in blood and other bodily fluids (acetone and
acetylacetate c. 25–35%, β-hydroxylbutyrate c. 65–75%; normal
values for acetylacetate 0.8–2.4 mg/L, for β-hydroxylbutyrate
2.5–9.8 mg/L). Estimation of acetone may easily be carried out
in connection with blood alcohol analysis using headspace
chromatography. The normal concentrations or free acetone
range from c. 2.3 to 2.5 mg/L in non-diabetic patients and may
reach around 23 mg/L in diabetics. The levels are almost inde
pendent from the postmortem interval.
The levels of acetone in CSF with diabetes mellitus differ
considerably from those seen with non-diabetic causes of
death, especially in cases of diabetic coma, with an obvious
association regarding an elevated sum value. If other causes of
death can be ruled out, acetone levels exceeding 5 mg/L are
suspicious of diabetes mellitus. Ketotic coma may be associated
with levels higher than 100 mg/L, but ketonaemia is rarely seen
if the blood glucose concentration is only 200 mg/dL and below.
According to the authors’ research, acetone levels in ketotic
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coma exceed 21 mg/L in most of the cases, with mean values in
this group of 100–150 mg/L. Single cases may show levels of
more than 1000 mg/L. Non-diabetic factors that might cause
elevated ketone levels include chronic hepatic and renal disease,
pancreatitis, shock, chronic alcoholism and isopropanol poi
soning (levels up to 160 mg/L) as well as protracted fasting
(acetone levels may exceed 5000 mg/L).

34.2.10 Urine
As the fourth column of postmortem diabetes mellitus diag
nostics, an examination of urine can reveal important clues.
Urine glucose levels higher than 25 mg/dL (maximum in
healthy individuals) may be indicative of diabetes. Diabetic
coma is sometimes associated with urine glucose concentra
tions above a few 1000 mg/dL, but usually higher than 500 mg/
dL. These excessively high values only show very small overlap
with other causes of death, although positive findings for
glucose in urine are only of lower diagnostic value. Glucosuria
is a rather frequent non-specific symptom (e.g. due to brain
trauma, myocardial infarction, intoxication, apoplexia and leu
kaemia). Likewise, glucosuria may be absent even in cases of
manifest diabetes mellitus caused by diabetic glomerulosclero
sis itself or postmortem degradation. Ketone bodies are likely
to be found in urine more than 24 hours postmortem. Concen
trations exceeding 0.5 mg/dL (=5 mg/L) of free acetone may be
indicative of ketotic dysregulation. However, a positive test for
ketonuria is not a proof for ketonaemia, because the kidneys
have a relatively high clearance rate for ketone bodies. Further
more, there are multiple conditions that might cause consider
able ketonaemia (see Sections 34.2.1 and 34.2.2). Hyperosmolar
coma is typically characterised by a lack of ketonaemia (approx
imately 30% of diabetic comas).

34.2.11 Lactic acidosis
There are some secondary effects of lactic acidosis that might
gain special forensic relevance. For example, moving potassium
to the extracellular space may cause hyperkalaemia. Acidosis
decreases the reactivity versus catecholamines with a negativeinotrope effect on the heart. Severe acidosis may result in
massive reduction of the kidney blood circulation leading to
acute renal failure. Diabetic coma can also cause acidosis by
production of β-hydroxylbutyrate and acetylacetate (see Sec
tions 34.2.1 and 34.2.2). Lactic acidosis plays an important role,
particularly regarding overlap with postmortem diagnosis of
diabetes mellitus. Considerable amounts of lactic acid are being
released during shock and hypoxia, due to poor perfusion
caused by diabetes mellitus, following renal failure, hepatic
disease and ethanol/methanol intake, rarely as a complication
of treatment with biguanides or due to severe lack of thiamine
with chronic increased alcohol intake. The conditions can be
exacerbated by chronic renal failure due to reduced excretion

of acids and also by an increased loss of bicarbonate resulting
from diarrhoea and/or vomiting.
The central causal mechanism is an increased concentration
of pyruvate from protein catabolism together with a lack of
oxygen, so that energy can still be provided by glycolysis. Accu
mulation of lactate happens more frequently in diabetics than
in other patients due to disturbances of oxygen supply and
alterations of metabolic activities. The clinical picture is char
acterised by gastrointestinal discomfort, muscular spasms,
central nervous disturbances and deep frequent respiration.
The severe type of biguanide-induced lactic acidosis shows a
lethality rate of over 50%.
Patients suffering from chronic alcoholism represent a
special risk group regarding fatal lactic acidosis and ketotic
coma. There are often very few and/or non-specific morpho
logical findings. On the one hand, considerable ketoaemia may
follow acute alcoholisation (free acetone from c. 74 to 400 mg/L),
but on the other hand, high ‘sum values’ may also result in this
condition. Their range (c. 294–594 mg/dL) can also be associ
ated with fatal diabetic coma. Given the precondition that dia
betes mellitus and other competing mechanisms can be ruled
out, ketotic coma or lactic acidosis have to be considered as a
cause of death in such cases. The lower limiting values for the
sum value are c. 300–400 mg/dL, for acetone in blood around
90 mg/L and 6% for HbA1c.

34.2.12 Hypoglycaemia (endogenous
versus exogenous hyperinsulinism)
Although fatal hypoglycaemia appears to be a rather rare event
among forensically examined death cases, they might be the
source of serious diagnostic problems. Under clinical condi
tions, hypoglycaemia is diagnosed if the blood glucose level lies
below 40 mg/dL or if the so-called Whipple’s triad can be found.
It comprises a blood glucose level below 45 mg/dL, symptoms
of hypoglycaemia and relief of these symptoms when the
glucose level is raised to normal. Multiple circumstances may
be responsible for hypoglycaemia in individuals with an empty
stomach (e.g. insulinomas and other tumours, severe hepatic
disease, uraemia, glycogenoses). The initial manifestation of
diabetes mellitus may also be accompanied by reactive hypogly
caemia as well as alterations of gastric mobility, vegetative insta
bility or massive alcohol intake with simultaneous lack of food
due to inhibition of gluconeogenesis. The autonomous or
glucopenia-associated spectrum of symptoms includes hypero
rexia, nausea, restlessness, sweating, tachycardia, endocrine
neuropsychological disorder, primitive automatisms, risk of
convulsions and focal signs with apoplectiform symptoms. The
final state with somnolence, coma and central nervous altera
tions of respiration and circulation until death has forensic
medical relevance.
Hypoglycaemias due to exogenous causes are mostly seen
with an existing diabetes mellitus. Important mechanisms are
accidental or intentional overdosage of insulin or sulphonylu
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rea derivatives with subsequent reactive hypoglycaemia. Such a
situation may arise from lack of regular alimentation due to
intercurrent diseases without changing the doses of antidiabetic
drugs. Other possibilities for hypoglycaemias can be interfer
ences with drugs which decrease the blood sugar level indirectly
or unusual physical strains. However, types of hypoglycaemia
with a forensic medical impact are those caused by overdose of
antidiabetics.
The so-called factitious hypoglycaemia needs special atten
tion. It is caused by (unnecessary) administration of insulin or
sulphonylurea derivatives and can be seen in connection with
psychic alterations (e.g. borderline personality disorder) or sui
cidal intention. It is rare to find a primary criminal background
(e.g. cases of homicide). The most important diagnostic crite
rion of this type of hypoglycaemia is that it happens independ
ently from alimentation. Affected persons often have relations
to professional health care or are relatives of known diabetics.
The calculation procedure regarding the sum value can also
be used for the diagnosis of hypoglycaemia. Consequently, low
‘sum values’ in CSF and in vitreous humour below c. 50–80 mg/
dL or rather 100–160 mg/dL are strongly indicative of fatal
hypoglycaemia. This conclusion is particularly supported by
simultaneously high insulin levels suggesting that estimation of
insulin levels and also of C-peptide postmortem is essential. In
cases of endogenous secretion, insulin and C-peptide are both
found to be elevated. If there is exogenous hypoglycaemia due
to administration of insulin, the level of C-peptide will be
noted as much lower than normal. An administration of exog
enous insulin can also be diagnosed by the quotient between
the level of insulin (increased) and C-peptide (diminished) in
serum. Contrary to this, there are usually increases of insulin
and C-peptide concentrations following an intake of sulphony
lurea derivatives, but, in diabetic individuals, often rather high
insulin levels can be seen without any indication of hypogly
caemia. The procedure has also proven to be reliable in cases of
suspected hypoglycaemia in car drivers.
Postmortem estimations of insulin levels can be carried out
by radioimmunoaessay (RIA) and have revealed levels very
similar to those of healthy individuals in blood from femoral
veins and also from the heart. Nevertheless, postmortem con
centrations of insulin in blood from the right ventricle may be
increased about 10-fold of normal values due to release of
insulin after death. Putrefaction may cause problems as well.
Furthermore, single estimations may have a wide variation and
therefore cannot be used as the only criterion for the diagnosis
of insulin-based hypoglycaemia. Sometimes it is possible and
useful to have a proof of suicidal insulin injection by analyses
of the tissues close to the injection site. It is a strict rule that the
postmortem diagnosis of hypoglycaemia must be based on a
combined assessment of different criteria and can only be made
as a diagnosis of exclusion. According to this, especially cardiac
disease, cerebral haemorrhages, pulmonary embolism,
strangulation/asphyxia, rupture of vessels and intoxication have
to be ruled out. Estimations of insulin should always be carried
out in peripheral venous blood or CSF/vitreous humour
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because diffusion of insulin from the pancreas via the portal
vein might take place postmortem. The sum value calculated
from glucose and lactate levels is of special importance (see
Section 34.2.5).

34.3 Alterations of liver function
In cases of advanced stage hepatic cirrhosis from different
causes, it is not rare that there develops an alteration of liver
metabolism, often resulting in potentially reversible complica
tions, due to retention of neurotoxic substances in blood with
decompensation and final hepatic failure. Suspicion may arise
from the previous medical history, desolate housing conditions,
known alcohol abuse and sometimes the presence of jaundice.
Acute deterioration of hepatic insufficiency with a danger of
hepatic coma originates from an increased production of
ammonia due to a high proportion of proteins in the intestinal
contents that may be caused by gastrointestinal haemorrhages
(especially oesophageal varicosis due to alcoholism), proteinrich nutrition, febrile infections with increased protein catabo
lism and drugs (e.g. benzodiazepines, analgesics). Clinically, the
advanced stage is characterised by permanent drowsiness but
patients can be woken up, later on hepatic smell, and electro
encephalogram (EEG) alterations. This picture leads to coma
with unmistakable fetor hepaticus and massive EEG changes
until fatal outcome with total hepatic failure.
The terms acute hepatic insufficiency or endogenous hepatic
coma describe a failure of liver function without previously
existing chronic liver disease. Contrary to chronic hepatic
failure, decompensation can occur suddenly without any indi
cations from the medical history. Important morphological
findings are dermal and scleral jaundice and, clinically, distur
bances of blood coagulation and consciousness (such as som
nolence, coma). This is especially of the fulminant type with
duration of less than 7 days, which may gain forensic medical
relevance. Important causes are viral hepatitis (65%) and hepa
totoxic substances (30%) such as medication (acetaminophen),
drugs, chemicals (carbon tetrachloride) or poisons from mush
rooms (Amanita phalloides). This elucidates the importance of
accompanying toxicological analyses. Potentially fatal compli
cations may be brain oedema (80%, most frequent cause of
death), gastrointestinal haemorrhages (50%) as well as hypogly
caemia and renal failure with electrolyte imbalances.
The typical enzymes of liver metabolism represent impor
tant parameters, which can also be examined postmortem,
as does bilirubin measurement. Daily bilirubin production
comes to approximately 510 μmol/L (30 mg/dL; normal value
up to 1.1 mg/dL). Hepatic failure is typically associated with
an increased level of serum bilirubin causing jaundice if it
exceeds c. 34 μmol/L (2 mg/dL). Differentiation between direct
bilirubin bound to biglucoronide and non-direct bilirubin
bound to albumin is only useful under clinical circumstances.
Postmortem bilirubin levels may compare with those obtained
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antemortem. Differences only range around 0.1 mg/dL, espe
cially in death showing jaundice. During the postmortem
period, a slight but steady increase can be seen (c. 0.2 mg/dL
after 2 hours and 0.7 mg/dL after 20 hours). Furthermore, there
is an increase of enzymes typical for liver – glutamate pyruvate
transaminase (GPT), γ-glutamyl transferase (GGT) and alka
line phosphatise (AP) – as well as of ammonia (>100 mg/dL;
normal value below 0.05 mg/dL) primarily but not only in the
blood but also in other bodily fluids (e.g. CSF, vitreous humour).
However, clinical reference ranges of values can only be used as
a basis for assessment. Most of the bilirubin in CSF belongs to
the conjugated type, often associated with hypokalaemia and
hypoglycaemia.

34.4 Disturbances of kidney function
Chronic renal failure represents the result of a non-reversible
reduction of the function of both kidneys. Important causes

include diabetes mellitus (nephropathy, c. 35%), hypertension
(c. 25%), chronic inflammations (c. 15%) and abuse of analget
ics (c. 1%). Chronic reduction of renal function can also show
acute decompensation leading to unexpected sudden death,
which is not an unusual development during diabetic coma.
The compensated chronic phase showing only functional
reduction of a low degree and the phase of compensated reten
tion (azotaemia, creatinine levels up to 6 mg/dL) are not associ
ated with symptoms of uraemia. Preterminal renal failure with
creatinine levels above 8 mg/dL plus symptoms of uraemia
is called decompensated retention. Terminal renal failure
(uraemia), showing creatinine levels over 10 mg/dL, is associ
ated with massive symptomatology of uraemia. During the
phase of decompensated retention (preterminal phase), there
may be oedematous changes, cardiac failure, gastroenteritis due
to uraemia and neuropathy. The terminal phase is characterised
by acute life-threatening symptoms, such as neuropathy and
encephalopathy, overhydration with pulmonary oedema, bleed
ing tendency, coma and death (Table 34.3).

Table 34.3 Postmortem biochemical values in cases of renal failure (insufficiency).
Dysfunction

Parameter

Clinical values

Compensated retention

Creatinine

≤6 mg/dL

Preterminal failure

>8 mg/dL

Terminal failure

>10 mg/dL

Compartment

Results

CSF/VH

Creatinine:

RF ruled out

<2.5 mg/dL

RF possible

2.5–4.0 mg/dL

RF primary fatal

>4.0 mg/dL

Normal values
((urea–nitrogen)/urea)a

Blood (heart)

Maximum 179
(83) mg/dL
(mean value = 102)
(47) mg/dL

CSF

Maximum 197
(92) mg/dL
(mean value = 89)
(41) mg/dL

(First 13 hpm)

Blood and CSF

>200 mg/dL (93)

CSF/blood (heart)
urea:

CSF
creatinine:

Blood (heart)
creatinine:

RF ruled out

<100 mg/dL

<2.5 mg/dL

<3.5 mg/dL

RF possible

100–200 mg/dL

2.5–4.0 mg/dL

3.0–4.5 mg/dL

RF primary fatal

>200 mg/dL

>4.0 mg/dL

>4.5 mg/dL

Uraemia
((urea–nitrogen)/ureaa)
dysfunctionb

CSF, cerebrospinal fluid; hpm, hours postmortem; pm, postmortem; RF, renal failure; VH, vitreous humour.
a
Urea–nitrogen × 2148 (mg/dL) = urea (mg/dL).
b
Different method of assessment (see text and references).
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Acute renal failure or acute renal insufficiency represent a
mostly reversible reduction of renal function with loss of urine
production and increasing retention parameters (urea, creati
nine). Fifteen per cent of cases with acute renal failure show
polyuria or normuria with an increase of retention values being
the only symptom. Without sufficient therapy (e.g. dialysis),
acute renal failure mostly has a fatal outcome. Sometimes bilat
eral necroses of the renal cortex can be seen. There are multiple
possible causes for acute renal failure, such as alterations of the
blood circulation, toxins, medication (antirheumatics, cytostat
ics and antibiotics), chemicals (glycols) and inflammatory or
vascular processes.
The most critical clinical phase is the third one with polyuria
and extensive loss of water/electrolytes and simultaneous
increase of urea and creatinine. Fatal complications may occur
associated with other organs, for example shock lung, cardiac
failure and arrhythmia, and cerebral oedema with further
central nervous system complications. The most significant
biochemical changes of acute and chronic renal failure are
increased levels of urea and creatinine, electrolyte imbalances
(often decreased with acute renal failure) and reduced concen
tration of urine. In summary, urea and creatinine are com
pounds that appear relatively stable postmortem. Postmortem
results reflect well the antemortem figures and are therefore
rather valid for diagnosing pathologies accompanied by an
increase of urea and creatinine such as kidney failure, hyper
thermia and hypothermia, as well as methamphetamine
toxicity.

34.4.1 Creatinine
Under postmortem conditions, an increased level of creatinine
in CSF and vitreous humour can be indicative of renal failure
(normal range 0.6–1.4 mg/dL). During the early postmortem
interval, the creatinine concentration is rather stable. In healthy
individuals, the mean values are 1.6 mg/dL (8 hours postmor
tem), 1–2 mg/dL (12 hours postmortem) and 3–4 mg/dL (24
hours postmortem). Therefore, reliable assessment is possible
for pathological levels if the specimens are obtained during the
early postmortem period.
Renal failure can be ruled out if the creatinine level is below
2.5 mg/dL. It is possible if its concentration ranges between 2.5
and 4.0 mg/dL and renal failure is to be considered as the
primary cause of death with levels exceeding 4.0 mg/dL, if CSF
is obtained within the first few hours postmortem. After death,
the normal relation between creatinine levels in serum and CSF
remains almost the same.
On the one hand, problems may arise from a connection
between renal damage and creatinine level. On the other hand,
high creatinine values are seen without any or only slight altera
tions of the kidney. However, there is also the possibility that
advanced kidney damage coincides with levels below 4 mg/dL.
Disturbances of the circulation and toxicaemia may cause cre
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atinine retention but partial renal function can still occur
during uraemia.

34.4.2 Urea
In cases of renal failure, there exists a rather close correlation
between the levels of urea in serum and CSF (normal range:
13.8–34.6 mg/dL). The urea level in CSF is approximately threequarters of the serum value. However, there have been reported
reduced levels in CSF and also slight increases in blood from
the femoral veins compared to antemortem values and also
independent from the cause of death. If renal disease can be
excluded, such changes may be due to agonal or postmortem
effects. Furthermore, there is a rising difference between the
concentrations of urea in liquor and blood with increasing
postmortem interval. Often postmortem values are slightly
higher compared to intravital estimations. However, this
increase is lower if the intravital concentration has been rather
high. In cases of manifest renal insufficiency, possibly with
uraemia, there are usually considerable differences to the levels
found in healthy individuals.
There is an arithmetical connection between urea–nitrogen
and urea as follows: urea–nitrogen × 2.148 (mg/dL) = urea
(mg/dL). Urea levels in CSF above 20 mg/dL (9.3 mg/dL urea–
nitrogen) are indicative of renal disease, whereas the postmor
tem ‘normal values’ for blood from the heart is 179 mg/dL
maximum (83 mg/dL urea–nitrogen), with a mean value of
102 mg/dL (47 mg/dL urea–nitrogen). The corresponding con
centrations in CSF are 197 mg/dL (92 mg/dL urea–nitrogen)
with a mean value of 89 mg/dL (41 mg/dL urea–nitrogen). Con
trary to this, urea levels in CSF and blood from the heart do
usually exceed 200 mg/dL (93 mg/dL urea–nitrogen) during the
first 13 hours postmortem in the case of uraemia from all
imaginable causes.

34.4.3 Diagnosis
Postmortem estimation of creatinine and urea levels in blood
from the heart (left ventricle preferred) and CSF have impor
tant relevance regarding the postmortem diagnosis of renal
failure. The following ranges of values can be differentiated for
a practicable combined diagnostic procedure:
1. Urea below 100 mg/dL in CSF/blood, creatinine below
2.5 mg/dL in liquor and below 3.5 mg/dL in blood: renal
failure can be excluded.
2. Urea 100–200 mg/dL in CSF/blood: renal failure possible if
there is an additional creatinine level of 2.5–4.0 mg/dL in
liquor and of 3.0–4.5 mg/dL in blood from the heart.
3. Urea above 200 mg/dL in CSF or blood: renal failure rep
resents the primary cause of death if creatinine levels in
liquor simultaneously exceed 4.0 and 4.5 mg/dL in blood
from the heart.
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34.5 Water and electrolyte
imbalances
Regulation of water and electrolyte balance aims to maintain
isotonia and isovolumia within the intravasal space. Sodium,
chloride and bicarbonate show the highest extracellular con
centrations, whereas potassium and phosphoric esters predom
inate in the intracellular space. Because the relation between
extracellular fluid volume and water exchange is much lower in
infants than in adults, water imbalances may develop much
earlier and be life-threatening.
It is not rare for electrolyte imbalances to occur due to other
diseases such as diabetes mellitus, chronic alcoholism and
nutritive disturbances. There are some types of dysregulation
that can lead to sudden unexpected death and may therefore be
of medical forensic relevance. Isotonic dehydration is charac
terised by extracellular loss of sodium and water in isotonic
relation, for example during the polyuric phase of acute and
chronic renal failure, vomiting and diarrhoea, pancreatitis and
peritonitis, and due to dermal loss (following burn injuries).
The main mechanism of hypotonic dehydration is salt deple
tion together with an extracellular deficit of water. Delirium
and convulsions are typical cerebral symptoms, which have to
be considered as causes of sudden death. Hypertonic dehydra
tion (with hypernatraemia) leads to a deficit of free water in
the extracellular and also in the intracellular space and is caused
by factors such as a lack of water supply, dermal loss (sweating)
and loss via the lungs (e.g. hyperventilation from infections and
fever), the kidneys (diabetic coma) and the gastrointestinal
tract (diarrhoea, vomiting). Typical morphology comprises
tightening of the skin, sunken eyes, galea dryness and/or dry
cutting area of organs. A biochemical pattern was proposed as
a diagnostic tool. The so-called dehydration pattern consists of
an elevation of sodium >155 mmol/L, chloride >135 mmol/L
and urea >40 mg/dL. Persisting imbalances also result in cor
responding alterations within the CSF (osmotic gradient).
Regarding the postmortem diagnosis of water and electro
lyte imbalances, measurements of pH are of no value. Estima
tions of electrolytes in CSF and vitrous humour can only be of
limited meaningfulness. On the one hand, pH strongly depends
on the state of the body, and, on the other hand, liquor often
becomes sanguinolent when it is obtained so that there may be
considerable alterations especially to electrolytes. Centrifuga
tion may help, but cannot remove all components originating
from damaged erythrocytes. This is why liquor from the lateral
ventricles should be obtained, because after 12–24 hours there
are no differences to lumbar liquor.

34.5.1 Potassium
Disturbances of potassium balance can gain forensic medical
relevance because they have been described occurring not only
in isolation but also in connection with other diseases and

sudden death (acute myocardial failure due to arrhythmias).
Particularly, intestinal or renal loss or insulin treatment of dia
betic coma are likely to result in hypokalaemia (<3.6 mmol/L).
The main causes of hyperkalaemia (>5.0 mmol/L) are acute
renal failure, chronic renal insufficiency or extensive tissue
damage. The main possible complications are disturbances
of conduction, ventricular flutter and fibrillation, which may
lead to asystolia (acute danger to life with potassium levels
>6.5 mmol/L).
Estimation of potassium in blood and serum specimens
obtained postmortem have proved not to be reliable due to
extremely fast and intense potassium release from cytolysis. In
CSF, the potassium value can reach up to seven-fold of the
normal level within the first 10 hours postmortem, but the
range of variation is rather wide. The potassium content of
liquor is largely independent from serum level and in infants
lower than in adults (normal range: c. 2.1–4.6 mmol/L). Con
trary to this, increase of potassium concentration in vitreous
humour has been reported to be regular. This can provide
certain conclusions regarding the time of death within the first
12 hours postmortem. There seem to be no other relevant dis
turbances from other diseases on the potassium content of
vitreous humour except hepatic failure. Furthermore, there are
no comprehensible associations between concentration differ
ences of sodium and potassium that allow further reliable
conclusions.

34.5.2 Sodium and chloride
There is an extracellular decrease in sodium parallel to an
increase of potassium postmortem (see Section 34.2.2). Gener
ally, variation in sodium level within CSF mostly corresponds
to serum concentration (c. 128–157 mmol/L), except in situa
tions of severe infection of the central nervous system.
Without differentiation regarding the mechanism of death,
sodium levels in CSF and serum are usually found within the
normal range, but the variation range differs considerably from
intravital values (c. 123–205 mmol/L). Although there is a dis
tinct decrease of sodium in CSF and serum after death, its
concentration in vitreous humour remains rather stable up to
30 hours postmortem, followed by an almost linear decrease in
the following 50 hours. Sodium levels above 155 mmol/L and
below 130 mmol/L in adults and larger differences outside the
normal range in children can be indicative of hypernatraemia
or hyponatraemia antemortem. Sodium levels in fluid from the
pericardial sac show distinct correlation to postmortem inter
val, namely, a decrease of approximately 0.4 mmol/L during the
first 85 hours after death, but there is also a wide range of
variation.
The level of chloride in CSF is approximately 20% higher
compared to serum and shows a range of c. 110–129 mmol/L
in healthy individuals. The postmortem changes of chloride are
comparable to those of sodium, so that there is also a typical
decrease of chloride concentration in plasma and CSF. The
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levels of chloride and sodium in vitreous humour appear to be
almost ‘parallel’ and remain nearly constant for over 30 hours
postmortem. However, any close correlations between chloride
values and causes of death or time could not be identified
postmortem.

34.5.3 Calcium
The homoeostasis of calcium has an important impact on
neuromuscular conduction. Hypocalcaemia (total calcium
<2.2 mmol/L, ionised calcium <1.1 mmol/L) results in patho
logical reflexes or arrhythmia. Causes of hypocalcaemia (total
calcium >2.7 mmol/L, ionised calcium >1.3 mmol/L) are
chronic osteolytic or endocrine processes in most of cases,
which may be the reason for sudden unexpected deaths via
electrolyte imbalance with arrhythmias, somnolence and coma.
Under postmortem conditions, the serum calcium concentra
tion is constant for c. 10 hours with a slight increase thereafter
(normal range in healthy individuals: 1.96–2.60 mmol/L). The
calcium content of CSF reflects approximately the serum level
of ionised calcium. In vitreous humour, calcium levels are
much more stable and there is less influence of agonal and
postmortem effects.

34.5.4 Diagnosis
Postmortem diagnosis of imbalance of electrolyte and water
metabolism cannot be based on isolated single parameters.
Assessment must always include a synopsis of different values.
Furthermore, the postmortem interval has to be taken into
account in each case. Postmortem biochemical analyses regard
ing electrolyte imbalance are believed to be most successful in
cases characterised by elevation of parameters such as states of
dehydration. One main disadvantage is represented by the wide
range of variation in single analysis results. This requires a
combined interpretation of different values with consideration
of all morphological and toxicological findings as well as the
possibility of combined dysregulations (e.g. kidney and glucose
metabolism).
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Particularly increased noradrenaline levels in CSF and vitre
ous humour are indicative of a protracted stress reaction. The
authors’ research has revealed massively increased catecho
lamine concentrations, partly exceeding the normal ranges
many times—adrenaline values in vitreous humour and CSF
100–8000 ng/L; noradrenaline levels 4000–70 000 ng/L (normal
ranges in serum: adrenaline 20–120 ng/L and for noradrenaline
150–170 ng/L). Especially high noradrenaline levels indicate a
longer duration of stress.
Hypothermia can also cause a massive release of catecho
lamines during intense stress. The levels are within the ranges
of high excitation with noradrenaline concentrations consider
ably higher than those of adrenaline (10- to 32-fold) compara
ble to cases with prolonged agonal states. Contrary to this,
adrenaline levels often exceed those of noradrenaline in death
cases with short agonal states. Death due to hypothermia results
in mean quotients of adrenaline/noradrenaline considerably
less than 1, whereas quotients above 1 are typical for short
agonal states (e.g. myocardial infarction, head trauma) being
indicative of higher adrenaline levels.
Additional analyses of volatile substances (ethanol, metha
nol, propanol-1, propanol-2 and acetone) usually show elevated
acetone concentrations in all compartments being indicative of
hypothermia, but basically only in cases that are ethanol-free.
Acetone and propanol-2 are then altered equally. If relevant
alcoholisation is found, both substances can only be found in
very low or physiological ranges indicative of an antilipolytic
effect for ethanol (acetone >35 mg/L if the blood alcohol
level is <10 mg/dL vs. <5 mg/L if the blood alcohol level is
>185 mg/dL).

34.7 Chronic alcoholism
Chronic alcoholism can be diagnosed using biochemical
markers (carbohydrate-deficient transferring (CDT) and
GGT).

34.8 Anaphylactic shock
34.6 High excitation and
hypothermia
A state of high excitation is characterised by a massive release
of catecholamines, especially in situations with mechanical
restraints and also in cases of prolonged agonal period. Such
stress situations can be classified by estimation of adrenaline
and noradrenaline levels using high-performance liquid chro
matography (HPLC) in serum, CSF and vitreous humour.
Analyses in different compartments are useful to achieve semiquantification of the intensity of stress and its impact on the
mechanism of death.

One of the specific indications of thanatochemistry is the diag
nosis of anaphylactic shock. The levels of tryptase and specific
immunoglobulins in serum are useful markers for the diagnosis
of this alteration postmortem.

34.9 Genetic alterations
The need to find helpful markers for genetic alterations means
the investigation of the molecular expression of the conse
quences of genetic alterations. The authors’ research group has
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studied the expression of a series of molecules for diagnosing
hypertrophic cardiomyopathy. The most promising results for
postmortem diagnosis are provided by proteomics as they allow
the establishment of effect markers and markers of response to
a series of stimuli that may provide the key to the solution of
many problems encountered in forensic pathology. Proteomics
is the study of the structure, quantity and function of proteins
and it provides information on the interaction networks of cells
and also of intracellular and extracellular proteins. It is esti
mated that a proteome contains around 100 000 proteins and
their corresponding post-transcriptional derivatives. The refer
ences provide examples ranging from the study of protein deg
radation as an indicator for death data, to the differential
diagnosis of vital and postmortem wounds and their data or
the diagnosis of some causes of death. As an example the
authors’ group are going to analyse advances made in diagnos
ing submersion.
The first advances in this field were provided by genomics
when a series of studies were made on a series of supposed
deaths due to submersion by inhibition, to search for the pres
ence of possible cardiac rhythm pathologies to explain the
process. In a study of autopsy samples from 165 corpses found
in water, Lunetta et al. (2003) detected a slight prevalence
of long QT syndrome (0.61%, confidence interval 95: 0.02–
3.33). Similarly, Tester et al. (2005) carried out an interesting
study investigating KCNQ1 and RyR2 mutations that could
provide an explanation for some submersion cases which
are difficult to explain. One very significant field is the applica
tion of the study to aquaporins in the alveolar cells of the lungs
for differential diagnosis between freshwater and saltwater
submersion. To date, aquaporin 1 and aquaporin 5 have been
studied. Whereas the study by Hu et al. (2004) was carried out
on mice, the Hayashi et al. (2009) investigations included mate
rial taken from human autopsies (28 cases) in addition to rats
used for experimentation. These authors found that the expres
sion of aquaporin 5 (AQP5) in type I alveolar cells was sup
pressed in freshwater submersion, as part of the processes for
preventing haemodilution. This phenomenon does not occur
in either saltwater submersion or the postmortem immersion
of a body.
Zhao et al. (2006) used polymerase chain reaction to study
the expression of HIF-1a in the kidneys and vascular endothe
lial growth factor (VEGF) mRNA for different causes of death.
Twenty-seven cases of submersion are included, and they show
the usefulness of VEGF mRNA as an indicator of acute circula
tory collapse. Using immunohistochemical techniques this
research team studied the expression of the same substances in
cardiac tissue: the mRNA of the hypoxia inducible myocardial
factor (HIF) 1a, erythropoietin (Epo) and VEGF for different
causes of death, but with a special interest in deaths with a
cardiac origin. They demonstrated their usefulness for differ
ential diagnosis between cardiac deaths and deaths by submer
sion or other violent asphyxiation. The authors’ research team
has carried out a study of different biochemical markers and
their application for diagnosing vital submersion.

34.10 Conclusions
Regarding the postmortem diagnosis of fatal diabetic coma,
morphological findings are only of indicative value. Therefore,
the diagnosis ‘death due to diabetic coma’ always has to be a
synopsis comprising medical history, macromorphology and
histology completed by postmortem biochemistry. Specimens
(CSF, vitreous humour, blood and urine) should be obtained if
there is any suspicion of disturbances of glucose metabolism.
Parameters of major relevance are sum value and haemoglobin
A1c, found to be elevated in most cases of fatal coma (above
415 mg/dL and 12.1%, respectively). The level of free acetone
usually exceeds 21 mg/L and urine glucose concentration
exceeds 500 mg/dL. Correct diagnostic procedure always
requires the combination of a minimum of three positive values
(i.e. increased sum value, haemoglobin A1c positive, and ele
vated acetone concentration or increased sum value) and
several indicative findings within macromorphology and
histology.
In medical forensics, the diagnosis of fatal diabetic coma can
only be made as a diagnosis of exclusion. Consequently, other
mechanisms of death (e.g. intoxications) have to be ruled out.
However, overlap with other causes of death appears to be
rather typical and common. Because the whole diagnostic pro
cedure can only be carried out as a diagnosis of exclusion, the
only area of overlap causing problems is that with ‘natural
causes of death’ because myocardial infarction or pulmonary
embolism may both represent real complications of diabetic
coma and can also cause metabolic decompensation to preexisting diabetes mellitus. Differentiation may be problematic
especially in cases with acute myocardial infarction, but con
trary to such acute changes, the situation is different with
chronic alterations, for example in narrowing coronary arterio
sclerosis or myocardial scars. With such preconditions, the
higher the relevance of positive biochemical findings, the more
intensive they appear to be (very high sum value and acetone
level, etc.).
Postmortem biochemical examinations can also help in
cases without morphological causes of death outside the field
of diabetes mellitus so that specimens of bodily fluids should
also be obtained. Often analyses of certain parameters sensibly
complement postmortem morphological diagnostics as in cases
of liver disease, chronic renal failure and electrolyte imbalance.
Preliminary studies have also been carried out on the usefulness
of other body compartments (e.g. synovial fluid) for a range of
examinations as well as for further biochemical parameters (e.g.
troponin T).
Importantly, urea levels in blood and CSF are likely to be
elevated in the case of chronic kidney disease and furthermore
slightly following death, but this increase has been found to be
considerably lower in liquor compared to blood. Postmortem
diagnosis of renal insufficiency can be made with urea levels
above 200 mg/dL (urea–nitrogen in excess of 93 mg/dL). Cre
atinine concentrations seem to remain widely unaltered in all
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bodily fluids postmortem. The most reliable examinations are
possible in CSF with a level below 1.6 mg/dL, expected to be
typical in individuals without kidney disease. However, post
mortem biochemistry can only represent one pillar of the pro
cedure in establishing the cause of death, as such results are
unsuitable to be used as the only diagnostic criterion.
A combined spectrum of postmortem biochemical values is
of most relevant meaningfulness regarding the diagnosis of
fatal metabolic disturbances. These may be strongly indicative
of chronic or acute mechanisms and diseases, although no
clinical diagnoses on postmortem findings can be made. Exclu
sion of any competitive mechanism is of special importance. A
final diagnosis regarding the cause of death can only be made
by the inclusion of medical history, macromorphology, histo
logical findings, postmortem biochemical results and toxicol
ogy, and as a diagnosis of exclusion only.
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Sudden and Unexpected Deaths in Infants
and Sudden Infant Death Syndrome

Thomas Bajanowski and Mechtild M. Vennemann

35.1 Introduction
The mortality rate of newborns, infants and children in industrialised countries has fallen constantly during previous decades.
In Germany at the end of the 19th century about 35% of infants
died within the first year of life, and a further 20% during childhood. The fall in infant and child mortality was made possible
by the rapid progress in medicine after World War II. In particular, the decrease is due to the reduction in common causes
of death, such as infectious diseases, and improvements in
socioeconomic conditions, including general access to the
health care system. As total mortality fell, sudden and unexpected deaths became more and more frequent. In the 1980s
the sudden infant death syndrome (SIDS) became the most
frequent cause of death in the post-neonatal period. Cases of
death among older children are most frequently due to malformations or infectious diseases (Denfield and Garson 1990)
(Tables 35.1 and 35.2).
The forensic significance of these deaths is due to the high
prevalence of SIDS, as well as the need to differentiate SIDS
from non-natural causes of death in each case, and especially
the fact that infants and younger children constitute a special
group of victims. The intensity of violence that is sufficient to
cause injury is smaller than with adults. Specific types of violence can be observed (e.g. shaken baby syndrome) and infants
also tend to display typical forms of injury (e.g. greenstick
fracture).
It is for these reasons that a significant number of sudden
and unexpected deaths in infants (SUDI) and children are

Handbook of Forensic Medicine, First Edition. Edited by Burkhard Madea.
© 2014 John Wiley & Sons, Ltd. Published 2014 by John Wiley & Sons, Ltd.

being investigated by forensic pathologists. It is important that
these pathologists have a profound knowledge of natural diseases which could cause a sudden death in these specific age
groups as a differential diagnosis for unnatural deaths. A
number of diseases exist that are typical for infants and younger
children as well as diseases which are characterised by symptoms in childhood that are different to those in adulthood. The
forensic or pathological autopsy forms a main part of these
investigations. The aims of an autopsy can be defined as:
1. To classify the manner of death (natural or unnatural).
2. To clarify the cause of death.
3. To inform paediatricians and general practitioners of the
results if the death is found to be natural.
4. To offer guidance to parents, in particular if the death was
caused by hereditary diseases.
5. To help parents in grieving.
While autopsy techniques used for children do not significantly differ from those employed for adults, in the case of
newborns, infants and toddlers special protocols have been
published which take into consideration the eventuality of the
sudden and unexpected death. Furthermore, special guidelines
have been developed for performing autopsies in a number of
countries, including the European Community (Brinkmann
1999; Deutsche Gesellschaft für Rechtsmedizin 1999). Additional investigations of histology, toxicology, microbiology,
virology, neuropathology and clinical chemistry also have to be
considered. The material examined in such investigations has
to be sampled during autopsy and stored in an appropriate
manner. In the case of sudden and unexpected deaths among
infants, it is recommended that the clinical history is analysed
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Table 35.1 Live births and infant mortality in Germany from 2001 to 2010. Data from SBD (2011).
Year
2001

2002

2003

2004

2005

2006

2007

2008

2009

2010

Number of live births

734 475

719 250

706 721

705 622

685 795

672 724

684 862

682 514

665 126

677 947

SIDS

429

367

372

323

298

259

228

215

193

164

Total infant mortality

3 163

3 036

2 990

2 918

2 696

2 579

2 656

2 414

2 334

2 322

SIDS incidence

0.58

0.51

0.53

0.46

0.43

0.38

0.33

0.31

0.29

0.24

SIDS, sudden infant death syndrome.

Table 35.2 Most frequent causes of death in infants and children in 2010 in Germany. Data from SBD (2011).
Deaths in different age groups
Causes of deatha

l0 to <15 years old

5 to <10 years old

A41 Septicaemia
C41 Malignant tumours of bones
C71 Malignant tumours of the brain

9
27

G93 Other diseases of the brain

24

16

10
9

E75 Diseases of the lipid metabolism
G40 Epilepsy

<1 year of age

11

C74 Malignant tumours of the adrenals
C91 Lymphatic leukemia

1 to <5 years old

11
6

14

7

9

13
10

I 142 Cardiomyopathy

10

P01 Complication of pregnancy

65

P02 Complication during birth

122

P07 Preterm infants and low birth weight

515

P21 Asphyxia during birth

61

P77 Necrotising entere ocolitis

49

Q24 Cardiac malformation

58

Q33 Malformation of the lungs

52

Q89 Other types of malformation

10

Q91 Edwards syndrome and Patau syndrome

66

R95 SIDS
R99 Unclassified causes

164
8

S02 Skull fractures

13

75

6

S06 intracranial Injury

17

T07 Multiple injuries

15

18

T71 Aspiration of foreign bodies
T71 Suffocation

26

24

13
23

9

T75 External causes of Injury

9

23

25

Total number of deaths given

140

127

158

1277

A00-T98 Total number of deaths in the age groups

365

316

482

2322

SIDS, sudden infant death syndrome.
a
Codes (e.g. A41, C41) are those used in the source reference (SBD 2011).
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Figure 35.1 Incidence of SIDS in England/Wales, the
Netherlands, New Zealand, the USA and Germany between 1990
and 2005.

and the death scene is investigated (together with the police).
Both can ascertain important information which can help to
identify the manner and cause of death in certain cases.

35.2 Sudden infant death syndrome
Despite a considerable decline in incidence, SIDS continues to
be a significant cause of death among infants aged between 8
and 365 days (Dwyer and Ponsonby 1995). In Germany, the
incidence of SIDS decreased from 602 cases in 1998 to 164 in
2010, which is a relative decline of 0.77 to 0.24 per 1000 live
births (SBD 2011). Similar statistics have been reported in
most industrialised countries (Fitzgerald 2001) (Fig. 35.1). This
decline is assumed to be the result of a genuine decrease, rather
than a result of changes in diagnostic procedures or a shift of
diagnosis (Byard and Beal 1995; Vege and Rognum 1997).

35.2.1 Hypotheses of possible causes
of SIDS
Several theories on the possible causes of SIDS have been proposed in the past. However, only a few have been clearly proven,
primarily relating to individual cases. There are sources from
as long ago as ancient Egypt and Rome that report sudden
and unexpected deaths of infants and young children, not to
mention the Bible. The most common explanation for these
deaths was that they were due to suffocation by overlaying. This
was the supposed cause of death up until the second half of the
20th century. As a consequence, the Catholic church recommended that infants and children up to 3 years of age should
not sleep in the parental bed, and penalised the so-called opressio infantum with a variety of sanctions (Norvenius 1995).
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It is assumed that sometime at the beginning of the 16th
century, a so-called arcutio – a rack made from wood – was used
first in Florence to protect the infant’s body from external compression of the chest and external suffocation. Application of
this arcutio was recommended in England, the Scandinavian
countries and Germany. In other countries it was forbidden for
infants to sleep in beds with adults (Deutsche Encyclopädie
1778; Norvenius 1995). These recommendations and restrictions did have a limited success. In Virginia, 226 infants died of
smothering or suffocation in the years between 1853 and 1860.
In Hamburg between 1880 and 1897, 18.7% of infants and
young children who were autopsied were considered to have
died of suffocation in their mother’s bed (Klages 1974).
At the beginning of the 19th century a new hypothesis was
established. It was supposed that thymus hyperplasia could lead
to a compression of the trachea and subsequently cause suffocation (Kopp 1830, cited in Lee 1842). This hypothesis was
based on a report from Basel in 1614. A physician named Platter
described the death of a 5-month-old boy from struma, which
led to his suffocation. It is now assumed that either a mistranslation from German into English or another mistake led to the
confusion of hyperplasia of the thyroid gland and thymus with
the term asthma thymicum, later status thymicolymphaticus
(Platter 1614; Guntheroth 1993), to describe the situation. The
practical conclusion was that a resection or subsequent radiation of the thymus could prevent sudden and unexpected death
(Friedlander 1917). In 1944, Abramson showed that the diagnosis ‘thymus death’ could increasingly be replaced by ‘suffocation’, primarily due to a soft covering. Again it took several years
to show that the gas exchange was not significantly affected by
soft covering for this to be significant (Woolley 1945). In the
1950s and 1960s a hypothesis was developed to the effect that
infectious diseases could have caused most cases of SUDI in
infants and young children (Bowden 1950). This hypothesis
was based on autopsy results. Various investigators found infectious diseases of the lungs, brain, heart and intestine in various
forms of severity in SIDS victims as a result of the autopsies.
In 1969, the National Institute of Child Health and Human
Development (NICHD) organised two conferences in Seattle
dealing with sudden and unexpected deaths in infants. The two
main results were, firstly, the introduction and definition of the
term SIDS by Bruce Beckwith and, secondly, the fact that the
interest of scientists was sufficiently roused to initiate investigation into SIDS. Three years later, Steinschneider introduced his
sleep apnoea theory (Steinschneider 1972), which became the
theoretical basis for the monitoring of infants showing ‘atypical’ breathing patterns. He observed five infants with cyanosis
of the skin and prolonged apnoea phases of more than 15
seconds’ duration. Two out of the five died following their
admission to hospital. The autopsy results were interpreted as
typical of SIDS. Fifteen years later it was supposed that these
deaths, as well as three others which occurred in the same
family, may have been caused by suffocation (DiMaio 1988).
Finally, in 1995, the mother of all five infants confessed that she
had suffocated all the children (Firstman and Talan 1997).
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Nevertheless, Steinschneider’s (1972) publication initiated
new research to prevent prolonged phases of sleep apnoea and
SIDS by conducting monitoring and to show the morphological consequences of hypoxia in tissues and organs. Between
1973 and 1976, Naeye published his observations of SIDS cases,
which suggested that there were a number of findings that
could be suitable as tissue markers indicating acute hypoxia
(Naeye 1980). By measuring the biochemical marker of acute
hypoxia, hypoxanthine in vitreous humour, Rognum et al.
showed in 1988 that a large proportion of SIDS victims had had
significant periods of hypoxia prior to death. In the late 1980s
and the 1990s, SIDS research became more and more interdisciplinary, and identical risk factors for SIDS were identified by
a number of epidemiological studies in different countries and
regions. In the second half of the 1990s molecular-genetic
studies were performed to investigate the genetic basis of functional disturbances. Possible cardiovascular causes of SIDS, for
example, include abnormal reflexes and abnormalities of the
cardiac conduction system (James 1968; Bajanowski et al.
2003). In addition, ventricular tachycardia or fibrillation, often
found without evidence of structural heart disease (so-called
primary electrical disorders), may be associated with sudden
cardiac death in neonates (Schwartz et al. 2000, 2001). One of
these disorders is the long QT syndrome (LQTS). It is characterised by increased sensitivity of the myocardium, with
increased propensity to develop ventricular fibrillation. Several
studies have investigated a potential association of prolonged
QT interval and SIDS, but the results were not concordant
(Maron et al. 1976; Kukolich et al. 1977; Southall et al. 1986;
Schwartz et al. 1998; Ackerman et al. 2001; Wedekind et al.
2006).
In 1972 Wedgewood introduced a so-called ‘three hit model’
to explain the pathogenesis of SIDS: He suggested that sudden
and unexpected death may occur if three different conditions
are met simultaneously:
1. An infant is at a vulnerable developmental stage (during
months 3 and 4 of life).
2. A predisposing endogenous factor(s) is present (e.g. upper
airway infection).
3. An exogenous trigger initiates the lethal process.
The main advantages of this three hit theory (in contrast to
others) are that most of the information from pathology, neuropathology, microbiology, physiology, epidemiology and paediatrics can be included in one of the three main areas, and that
this model enables the integration of new knowledge.
This hypothesis was later taken up and modified by Rognum
and Saugstad (1993), Filiano and Kinney (1994) and Kahn
et al. (1995). In particular, Opdal and Rognum (2004) included
‘genetic risk factors’ or ‘genetic make-up’ as predisposing factors
and investigated the significance of mtDNA changes (Opdal
et al. 2002), complement component C4 polymorphisms
(Opdal et al. 1999b) and polymorphisms of the interleukin 10
(IL-10) gene (Opdal et al. 2003). Schneider et al. (1989) first
demonstrated the link between signs of infection prior to death
in SIDS and partial deletions of the C4 gene, which was con-

firmed by Opdal et al. (1999b, 2003). Such investigations initiated a number of new studies searching for gene variants which
predispose to SIDS. Two different changes may be differentiated
if SUDI cases are investigated: mutations that may explain the
sudden and unexpected death, and mutations/polymorphisms
that may be of significance as predisposing factors. Examples
of the first group are medium chain acyl-CoA dehydrogenase
deficiency and LQTS, and of the second group complement
component C4 polymorphisms and polymorphisms of the
IL-10 gene. If changes are detected that may sufficiently explain
the death, SIDS is excluded as an explanation and the death has
to be classified as explained SUDI, while the other group of
cases may include SIDS.
During the past two decades a constantly increasing number
of studies investigating mutations, gene variants and polymorphisms in SUDI cases have been published by various groups.
An excellent overview of the current state of knowledge was
published by Opdal and Rognum in 2011 which summarises
the research of the last 20 years in this field. A short overview
of the most important positive findings with regard to genetic
investigations in SIDS/SUDI is given in Table 35.3. Opdal and
Rognum (2011) pointed out that it is important to search for
fatal mutations in SUDI cases to clarify the cause of death.
From the analysis of the literature, they concluded that ‘a
genetic predisposition to SIDS most likely represents a polygenic inheritance. It appears most likely that genes involved in
the immune system, in the regulation of cardiac function, in
the serotonergic network, and in brain function and development are the most important with regard to SIDS’.

35.2.2 Pathophysiology and aetiology
At present it is very difficult to give an overview of all the multiple investigations in the various fields of SIDS research; a
search of PubMed using the term ‘SIDS’ produces nearly 10 000
publications – including 2400 from the years 2009 and 2010
alone. The results reported are sometimes not directly comparable as some authors have used their own definitions for cases
and controls, and the diagnosis of SIDS has not always been
confirmed by autopsy and additional investigations and therefore does not comply with standard definitions. Nevertheless,
some of the main hypotheses and theories will be described
here in more detail; these are mainly hypotheses that explain
the significance of risk factors.
Twenty-five years ago the prone sleeping position was identified as a risk factor for SIDS (Engelberts and de Jonge 1988).
The Westfalian SIDS study (comprising 238 SIDS cases) found
that 84% of all victims died while sleeping in a prone position
compared with about 40% of the controls (Jorch et al. 1991).
In epidemiological studies, it is estimated that a soft mattress,
a covered head, a high room temperature, warm clothing and
a face-down sleeping position are factors that increase the risk
of SIDS. Underlying mechanisms are rebreathing of carbon
dioxide, hypoxia and hyperthermia (Fleming et al. 1990; Jorch
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Table 35.3 Overview of genetic investigations in sudden infant death syndrome (SIDS) and sudden and unexpected deaths in infants
(SUDI) cases.
Organ/functional
system and gene

Mutation/
polymorphism

Result/association

Reference

Immune system
C4

Deletion of C4A or
C4B gene

In infection prior to death

Schneider et al. 1989; Opdal et al. 1999b

IL-10

ATA/ATA genotype

In infectious deaths and SIDS

Summers et al. 2000; Opdal et al. 2003; Korachi
et al. 2004

IL-1Ra

89bp VNTR, 2/2
genotype

To SIDS

Witkin et al. 2002; Highet et al. 2010

IL-6

-174GG

To SIDS

Dashash et al. 2006

VEGF

-1554AA

To SIDS

Dashash et al. 2006

IL-18
IL-8
IL-1ß

-251AA/AT
-781CT/TT
-511CC/CT

SIDS found prone
inconsistent results

Ferrante et al. 2010

TNF-α promotor

-238GG

Low TNF expression in SIDS

Hohjoh and Tokunaga 2001; Ferrante et al. 2008

SCN5A
KCNQ1
HERG
KCNE1 + 2

Several mutations
and polymorphisms
(LQTS)

Mutations may explain death in
some SUDI cases

Ackerman et al. 2001; Bajanowski et al. 2001;
Piippo et al. 2001; Schwartz et al. 2001;
Wedekind et al. 2001, 2006; Plant et al. 2006;
Arnestad et al. 2007a; van Norstrand et al.
2008

RyR2

Two mutations

Mutations as a genetic risk
factor for SIDS?

Tester et al. 2007

GPD1-L

Several mutations

Association with Brugada’s
syndrome

van Norstrand et al. 2007

Association to LQTS3 (not to
SIDS)

Arnestad et al. 2007b; Cronk et al. 2007

Heart rhythm

CAV3 gene
NOS1AP

rs10494366
TT genotype

Association with LQTS

Aarnoudse et al. 2007; Osawa et al. 2009

α1-Synotrophin gene

Several mutations

Association with SIDS?

Cheng et al. 2009

PHOX2B

Several mutations

Association with SIDS? Risk
factor?

Arens et al. 1993

5-HTT gene

VNTRs in the
promotor

Association with SIDS

Narita et al. 2001; Weese-Mayer et al. 2003;
Paterson et al. 2006; Nonnis Marzano et al.
2008; Opdal et al. 2008; Haas et al. 2009

NHE3 gene

C240T, G1131A,
C1197T

Association to SIDS

Wiemann et al. 2008; Poetsch et al. 2010

APQ4

CT/TT in rs2075575

Predisposing factor to SIDS?

Opdal et al. 2010

THO1

Intron 1, STR, 9.3
allel

Increased tyrosine hydroxylase
activity, risk factor for SIDS?

Klintschar et al. 2008

A985G

Explaining a small number of
SUDI cases

Miller et al. 1992; Arens et al. 1993; Dundar et al.
1993; Lundemose et al. 1993; Opdal et al.
1994; Penzien et al. 1994; Santer et al. 1995;
Lecoq et al. 1996; Boles et al. 1998
(Continued)

Central nervous system

Metabolism
MCAD gene
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Table 35.3 (Continued)
Organ/functional
system and gene

Mutation/
polymorphism

Result/association

Reference

G6PT1 gene

Promotor -259C/T

Risk for SIDS?

Forsyth et al. 2007

mtDNA

60 different
mutations, D-loop
substitutions

Associated with sudden death
(not SIDS)?

Santorelli et al. 1996; Hofmann et al. 1997; Ogle
et al. 1997; Opdal et al. 1998, 1999a, 2007;
Arnestad et al. 2002a, 2007b; Divne et al.
2003

472AA genotype
G472A

Association with SIDS in heavy
smoking mothers

Rand et al. 2006; Poetsch et al. 2010

Detoxification
FMO3
LQTS, long QT syndrome.

et al. 1991). The risk of SIDS in a prone sleeping position can
be increased by further factors, such as an infection prior to
death (Helweg-Larsen et al. 1999) and pre-term infants with a
low birth weight (<2500 g) (Øyen et al. 1997). These hypotheses
concur with autopsy findings in SIDS cases which are very
similar compared with death due to external suffocation. On
the basis of autopsy findings alone, it is not possible to differentiate SIDS from suffocation caused by soft covering, obstruction of airways, rebreathing or hyperthermia (Emery 1985;
Valdes-Dapena 1992). Therefore it is recommended that the
results of the investigation of circumstances of death as well as
the clinical history are included in the final diagnosis. A number
of autopsy findings in SIDS can be explained by hypoxia and
hypoxia-associated excretion of adrenaline, noradrenaline and
cortisol (Kleemann and Debertin 1999).
In particular, infants younger than 4 months of age are often
found dead in a face-down prone position (Abramson 1944;
Kleemann et al. 1998). The face-down position is considered
dangerous in infants who are physiologically unable to move
their head sideways. Usually, infants older than 6 months are
able to change position actively from back to prone and vice
versa. Guntheroth and Spiers (1992) assumed that terminal
hypoxia may be caused by the infant being in a face-down position with occlusion of the mouth and nose. Furthermore, it is
discussed that the face-down position can lead to a partial
obstruction of the upper airway by the tongue, the muscles of
the throat and the uvula, followed by obstructive apnoea
(Emery 1990). In postmortem measurements of airway resistance in SIDS cases, a sufficient air flow could not be detected
in the face-down position, while the ‘normal’ prone position
and back position did not show significant differences (Schäfer
et al. 1991). The extent of obstruction differed depending on
the quality of the mattresses (stiff or soft, dry or wet). The
measured airway obstruction reached maximum values in
the case of a wet mattress (due to extensive sweating and/or
vomiting).
Soft material in mattresses can form hollows under the
infant’s head (Ponsonby et al. 1992; Funayama et al. 1998). In

such areas an increased concentration of carbon dioxide was
measured in the air (Chiodini and Thach 1993). The normal
CO2 concentration in exhaled air is about 4.5%. A toxic reaction
may occur if the concentration reaches 8–10%, and 20% is
determined as a lethal concentration. Because CO2 has a higher
density compared with atmospheric air, it can accumulate on
the bottom or in such hollows. If the air from such CO2 depots
is rebreathed, the CO2 concentration in arterial blood can
increase. However, this hypothesis is controversial because there
are some arguments and observations that support the conclusion that infants should be able to deliver themselves from such
a dangerous situation by increased activity in respiratory centres
and moving out of a dangerous position or by waking up (Chiodini and Thach 1993; Lijowska et al. 1997). Nevertheless, the
question why some infants do not wake up needs to be answered.
It is supposed that some infants show disturbed arousal
responses during sleep (Berthon-Jones and Sullivan 1982).
Arousal reaction is initiated if PaCO2 increases to 6 mmHg,
while arousal due to hypoxia can be observed if PaO2 decreases
to 63 mmHg (Berthon-Jones and Sullivan 1982). In experimental settings, eight out of 18 infants younger than 7 months of
age showed ‘normal’ arousal reactions in rapidly developed
hypoxic conditions (Davidson-Ward et al. 1992). It is known
that arousal reaction is influenced by sleeping position. Children sleeping prone show longer sleep duration and a lower
number of arousal reactions compared with infants sleeping on
their back (Franco et al. 1998). Furthermore, the arousal threshold changes dynamically depending on the sleep phase (Read
et al. 1998). Kinney et al. (1991) found a delayed myelinisation
in the brainstem of SIDS victims and postulated that this
finding could be explained by a disturbed arousal reaction.
Furthermore, some authors (Slotkin et al. 1995; Nachmanoff et
al. 1998) found a decreased tolerance to hypoxia in infants with
known prenatal nicotine exposure.
Two further hypotheses relating to the prone sleeping position should be mentioned. Bayes (1974) has discussed that the
prone sleeping position could be associated with an increased
risk of SIDS if infants are put to sleep directly after feeding. He
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suggests that a filled stomach can push the diaphragm into a
higher position, causing alveolar hypoventilation. Saternus
developed the hypothesis that the prone position could be associated with decreased cerebral perfusion because of stenosis of
at least one vertebral artery (Saternus and Adam 1985). However,
using nuclear magnetic resonance (NMR) techniques, no differences in cerebral oxygen saturation and brain metabolism
were found when comparing prone and back sleeping positions
(Lawson et al. 1987). The same was found in polygraphic investigations (Orr et al. 1985; Levene and McKenzie 1990).
Rognum et al. (1988) measured increased hypoxanthine
concentrations in vitreous humour in SIDS cases and concluded that the results indicate prolonged cerebral hypoxia
prior to death or during agony. The authors believe that hypoxanthine is a suitable marker for detecting hypoxia while autopsy
findings, for example, are often unspecific if signs of external
suffocation are not present. However other authors have
doubted the suitability of this marker because of large postmortem differences in concentration (Carpenter et al. 1993).
Deaths due to hyperthermia are not usually associated with
specific autopsy findings. An early measurement of the body
temperature, ideally performed at the scene of death, may be
useful if this suspected as the cause of death. Increased body
temperature can be caused by external and internal factors.
Hyperthermia in infants leads to increased respiratory activity
and irregular breathing patterns (Riesenfeld et al. 1996).
Increased metabolic activity is associated with an increased
oxygen consumption. Excessive sweating during sleep may
indicate infants at risk (Wilske 1984; Fleming et al. 1990). Signs
of sweating prior to death were found in about 40% of SIDS
cases (Kleemann et al. 1996). In SIDS cases, an increased body
temperature can be due to pre-existing infection (Pfeifer et al.
1977; Pfeifer 1980), stress reaction with adrenaline/noradrenaline
secretion or external influences such as high room temperature,
thick bedding, an extra pillow in the bed or overly warm clothing. Furthermore it is known that a face-down position leads
to a disturbance of the normal regulation of body temperature,
because infants release up to 40% of energy radiation through
the skin of the face (Farooqui et al. 1993). This mechanism may
be of increased significance in cases of infection with an endogenously caused higher body temperature.

35.2.3 Case definition
Investigating cases of sudden and unexpected deaths in all age
groups is one of the major areas of forensic medicine. The
investigation of infant deaths requires the application of special
diagnostic methods and includes forensic pathology as well as
other fields of forensic medicine and medicine in general, such
as radiology, toxicology, microbiology, virology, neuropathology, paediatric pathology, paediatrics, clinical chemistry, physiology, epidemiology and, if relevant, genetics. The diagnosis
should be based on clear findings and definitions. It was against
this background that at the Second International Conference
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on Causes of Sudden Death in Infants, Bruce Beckwith proposed in 1969 that SIDS be defined as ‘the sudden death of any
infant or young child which is unexpected by history, and in
which a thorough post-mortem examination fails to demonstrate an adequate cause of death’ (Beckwith 1970). In the years
to follow, this definition became the object of controversial
discussions, mainly because the ‘thorough post-mortem examination’ was not explained in more detail.
In 1989, the NICHD invited a group of experts to re-examine
the issue of definition. These experts précised the extent of the
examination, adding the death scene investigation as part of the
examination and limiting the age to less than 1 year: SIDS is
‘the sudden death of an infant under one year of age, which
remains unexplained after a thorough case investigation,
including performance of a complete autopsy, examination of
the death scene, and review of the clinical history’ (Willinger
et al. 1991).
At the SIDS International Conference in Sydney, Australia,
in 1992, Beckwith proposed a stratification of the definition to
differentiate between ‘typical’ and ‘atypical’ groups (Beckwith
1993). This concept was not accepted by the participants of the
conference, however, although others subsequently supported
subclassification and used different models for scientific investigations (e.g. the Nordic study (Vege and Rognum 1997) and
German study (Findeisen et al. 2004)). Finally, in 2003, Beckwith again initiated a meeting of experts to re-examine the
definition of SIDS, including positive diagnostic criteria and
stratification to delineate particular subsets. To this end, paediatric pathologists, forensic pathologists and paediatricians from
Europe, North America and Australasia met in San Diego and
discussed a new definition (Beckwith 2003).
According to the San Diego definition of SIDS (Krous et al.
2004), this diagnosis can only be used if an infant under 1 year
of age has died suddenly and unexpectedly, the onset of the fatal
episode was apparently associated with sleep, and a thorough
investigation of the case, including the performance of a complete autopsy and review of the circumstances of death and the
clinical history, does not provide an explanation for the death.
If these criteria are not fulfilled the cases should be termed
unclassified sudden infant death (USID) or as sudden unexpected death in infancy (SUDI) (Krous et al. 2004).
USID was included as a part of the San Diego definition of
SIDS and includes all deaths that do not meet the criteria for
SIDS but for which alternative diagnoses of natural and unnatural conditions are equivocal, including cases for which autopsies were not performed.
In contrast, SUDI has been defined by Huber (1993) as the
proportion of infant deaths in which death occurs more or less
suddenly and unexpectedly. The postmortem examination
should ideally include a history of the gestation, delivery and
postnatal development, a death scene investigation, a family
psychosocial history, a complete autopsy and a confidential case
conference.
• The examination may reveal changes that alone – or in combination – constitute a sufficient cause of death (non-SIDS).
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• The examination may reveal changes that even when clearly
present are not sufficient to explain the death (‘borderline’
SIDS).
• Or, the examination may fail to demonstrate any abnormalities (SIDS).
This means that SUDI is the most heterogeneous group, and
includes all categories of sudden and unexpected infant death.
Nevertheless, it is suggested that future studies could include all
sudden and unexpected deaths within the defined age range –
so that the proportion of such deaths attributed to SIDS after
investigation can be identified.
For scientific investigations, the San Diego definition
contains a stratified component which can be applied if subtypes of SIDS are to be investigated. This stratified part of
the definition includes various pieces of information from
specific investigations such as the autopsy findings (including
additional investigations), death scene investigation and
clinical history (Table 35.4). This part of the definition was
introduced to:

• provide recommended guidelines for general case
assessment, classification and diagnosis;

• assist pathologists by detailing steps for infant death
investigation and diagnostic categorisation;

• identify and include cases that have been recently
•

•
•
•
•

incorrectly excluded from SIDS groups due to findings
of bed sharing and prone sleeping position;
formalise current practices among pathologists of
separating cases based on degrees of certainty and the
comfort with which a conclusion of SIDS could be
made;
reduce diagnostic confusion by introducing uniform
terms;
provide a framework for researchers and identify the
most typical cases for study;
assist in the evaluation of published data;
provide a readily accessible breakdown of SIDS cases
based on age groups and investigative information.
(Krous et al. 2004).

Table 35.4 Criteria used in the San Diego definition. From Bajanowski et al. (2006), © Springer.
Clinical history (CH)

Circumstances of death

Autopsy

–
–
–
–

Sudden and unexpected death
Under 1 year of age
Lethal episode during sleep
Death unexplained by CH

–

Unexplained after review
of the circumstances

–

Older than 21 days, under 9
months
2. Normal CH
3. Full-term pregnancy (≥37 weeks)
4. Normal growth and development
5. No similar deaths in siblings/
relatives

–

Scene investigation
performed and gave no
explanation
Safe sleep environment
No evidence for an
accident

1.
2.

Category IB
SIDS

1–5 (criteria for category IA SIDS)

–

Scene investigation not
undertaken

1–4 and
5. One or more of the following analyses
were not performed: toxicology,
microbiology, radiology, vitreous
chemistry and metabolic screening

Category II
SIDS

Differences to category I criteria:
6. Age range (0–21 days, 270–365
days)
7. Neonatal/perinatal conditions that
have resolved by the time of death
8. Similar deaths in siblings/near
relatives

–

Mechanical asphyxia or
suffocation by overlaying
not determined with
certainty

1–5 and
6. Abnormal growth and development not
thought to have contributed to death
7. More marked inflammatory changes or
abnormalities not sufficient to cause
the death

USID

–

–

Alternative diagnoses of
natural or unnatural
death are equivocal

–

SIDS general
definition

Unexplained after complete autopsy

Stratified
definition
Category IA
SIDS

1.

Criteria for category I or II SIDS
not fulfilled

USID, unclassified sudden infant death.

–
–

No lethal pathological findings
No unexplained trauma, abuse, neglect
or unintentional injury
3. No substantial thymic stress
4. Toxicology, microbiology, radiology,
vitreous
5. Chemistry and metabolic screening
negative

Autopsy not performed
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35.2.4 Epidemiology
Concerning the negative results in the search for the causes of
SIDS, the question is how to explain the significant decline in
SIDS incidence. Without any doubt, the results of epidemiological research has supported this process. Epidemiological
research has made it possible to identify risk factors for SIDS
(Fleming et al. 1990; Mitchell et al. 1991; Vennemann et al.
2005a, 2005b).
SIDS very rarely occurs within the first month of life. About
50% of all SIDS victims die between the second and fifth
months of life and the proportion of males to females is constant in all countries at 60 : 40. By definition, SIDS cases do not
occur in the second year of life. Nevertheless, a small number
of children do die suddenly and unexpectedly in the second
year of life, whereby the relevant findings can be compared to
SIDS cases.
A number of epidemiological studies in the late 1980s and
early 1990s identified important risk factors for SIDS; the most
widely recognised risk factor is the prone sleeping position
(Table 35.5). Beginning in the early 1990s, many countries have
begun encouraging parents to avoid this sleeping position and

Table 35.5 Risk factors for SIDS. Adjusted odds ratios and 95%
confidence intervals (CI) from the CESDY study
(Fleming et al. 1996) and the German SIDS study
(Vennemann et al. 2005a).
Odds ratio

95% CI

Modifiable risk factors
Prone sleeping position

6.08

3.33–11.08

Side sleeping position

2.01

1.38–2.93

Mother smoking during
pregnancy

3.43

1.39–8.46

Smoking in presence of infant

3.41

1.98–5.88

Soft sleeping surface

3.0

1.1–8.7

Quilts, duvets, sheepskin in
baby’s bed

2.2

1.21–4.0

Bed sharing in parental bed

2.73

1.34–5.55

Sofa sharing

21.77

3.79–125.0

Overheating

3.52

1.74–7.11

Other risk factors
Low maternal age (<20 years)
Low socioeconomic status

18.71

6.00–58.32

3.00

1.35–6.69

Breastfeeding

0.48

0.28–0.82

Use of pacifier

0.39

0.25–0.59

Timely immunisations

0.54

0.39–0.76

Protective factors
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to place infants on their backs. The prevalence of infants sleeping prone has decreased by 50–90% in most countries and the
rate of SIDS has decreased accordingly by 50–90%. For example,
in Germany, the prevalence of the prone sleeping position
among infants decreased from about 40% in 1990 to less than
4% in 2003 (Vennemann et al. 2005a, 2005b). Nevertheless, the
side sleeping position is also discouraged as it is unstable and
infants placed on their side can roll to a prone position (Mitchell 1997; Mitchell et al. 1999). These secondary prone sleepers
have a higher risk of SIDS, especially if they are so-called inexperienced prone sleepers. A relative risk of 37.73 has been calculated for the latter in the German SIDS study (Vennemann
et al. 2009) (Table 35.6).
Another observation was that there were a higher number
of deaths in the winter months due to the prevalence of upper
respiratory tract infections. But since the decline in prone sleeping, that peak has disappeared (Vennemann et al. 2005a, 2005b).
In all epidemiological studies, maternal smoking during pregnancy was identified as an important risk factor in SIDS.
Although postnatal smoking is also a risk factor, it is difficult
to isolate its significance from prenatal smoking. If all smoke
exposure could be eliminated, it is estimated that one-third of
SIDS cases could be prevented.
Other risk factors, such as an unsafe sleeping environment,
have become apparent since the decrease in prone sleeping. Soft
or loose bedding, pillows, quilts and sheepskins have been identified as risk factors in SIDS in different countries. Additional
risk factors are higher room temperatures or multiple layers of
clothing. Quilts and loose bedding increase the risk that the
baby’s head is covered, but also of overheating.
Sharing the parental bed with an infant facilitates breastfeeding and promotes parent–infant bonding. However, epidemiological studies have shown that bed sharing constitutes an
increased risk mainly when the parents are smokers or the
infant is very young (under the age of 12 weeks) (Vennemann
et al. 2012) (Table 35.7). Bed sharing on a sofa is always dangerous and should always be avoided (Blair et al. 2009).
Case–control studies have shown that using a pacifier
reduces the risk of SIDS, and a recent meta-analysis has shown
a strong protective effect (Vennemann et al. 2007b). Results
from many studies have demonstrated the protective effect of
breastfeeding against SIDS. Immunisations in infancy are often
seen by lay people as a risk factor. A number of studies have
confirmed the protective effect of immunisations in infancy
(Taylor and Emery 1982; Hoffman et al. 1987; Walker et al.
1987; Flahault et al. 1988; Jonville-Bera et al. 1995, 2001; Mitchell et al. 1995; Fleming et al. 2001; Vennemann et al. 2005a)
(Table 35.8).
Parents should not use pillows and heavy duvets in the
infant’s bed as this increases the risk of the head becoming
covered with subsequent overheating. In the German SIDS
study, 28.1% of all SIDS victims were found completely covered.
A large number of infants showed signs of intensive sweating
prior to death (Mitchell et al. 2008). At present it is not absolutely clear whether or not the covering caused the death or was
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Table 35.6 Relative risk of SIDS depending on sleeping position. Results of the German SIDS study. Reproduced with permission from
Vennemann et al. (2005a), © Wiley.
(a) Position put to bed and found.
Put to bed

Position found

Cases

Controls

Not prone

Not prone

116 (34.8)

899 (90.1)

71 (21.3)

39 (3.9)

15.70

8.76–28.13

18.54

4 (1.2)

12 (1.2)

4.35

1.18–16.02

1.92

132 (39.6)

29 (2.9)

29.70

17.36–50.90

22.11

10.05–48.62

95% CI

aOR

95% CI

a

Not prone

Prone

Prone

Not prone

Prone

Prone

OR

95% CI

1.00

aOR

95% CI

1.00
7.84–43.87
0.36–10.15

(b) Sleeping position.
Usual position

Last sleep

Cases

Controls

Not prone

Not prone

179 (53.8)

941 (94.3)
2 (0.2)

b

OR
1.00

1.00

Not prone

Prone

17 (5.1)

Prone

Not prone

16 (4.8)

15 (1.5)

5.61

2.58–12.21

3.58

1.09–11.80

Prone

Prone

119 (35.7)

39 (3.9)

15.79

10.04–24.83

7.79

4.19–14.49

40.42

8.71–187.71

37.73

5.37–265.27

aOR, adjusted odds ratio; CI, confidence interval; OR, odds ratio.
a
Secondary prone sleeper.
b
Inexperienced prone sleeper.

Table 35.7 Relative risks of co-sleeping during previous/last night and infant’s age. Results of the German SIDS study (Vennemann et al.
2005a), © Wiley.
(a) Co-sleeping last night.
Co-sleeping

Cases

Controls

OR

No

285 (85.6)

909 (91.1)

1.00

Yes

48 (14.4)

89 (8.9)

1.80

95% CI

aORa

95% CI

1.00
1.21–2.66

2.73

1.34–5.55

(b) Co-sleeping and infant’s age.
OR

95% CI

aORa

95% CI

28 (2.8)

8.79

3.04–25.41

19.86

2.33–169.54

21 (6.3)

61 (6.1)

1.10

0.63–1.91

1.02

0.44–2.36

<13

87 (26.1)

289 (29.0)

2.57

1.03–6.42

2.65

0.42–16.84

13+

198 (59.5)

620 (62.1)

1.00

Co-sleeping

Age (weeks)

Cases

Yes

<13

27 (8.1)

Yes

13+

No
No

Controls

1.00

aOR, adjusted odds ratio; CI, confidence interval; OR, odds ratio.
a
Adjusted for sleeping position, breastfeeding, smoking of the mother during pregnancy, family situation, socioeconomic status, mother’s age, weight at
birth and extra warming.

an agonal event only. Franco et al. (2002, 2003) measured
increased body temperatures in totally covered infants and
found disturbances of arousal reactions. The risk of head covering can be prevented easily by putting babies on their backs. In
the Netherlands about 90% of all infants sleep on their backs
which may be one main cause for the very low SIDS incidence
there (l’Hoir et al. 1998a, 1998b).
It is also interesting that the number of SIDS cases in child
care facilities in the USA and the Netherlands are reported as
being higher than statistically expected: 20.4% and 10% of
SIDS mortality, respectively (de Jonge et al. 2004).

It can be concluded that several well-known risk factors
could be avoided easily. For this reason, young parents should
be kept informed of these factors to achieve a further and
lasting reduction in the incidence of SIDS.

35.2.5 Circumstances of death and
clinical history
It is important to investigate the circumstances of death for
the purpose of differentiating between natural and unnatural
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Table 35.8 Immunisation as a risk of SIDS. Results from the literature (Vennemann et al. 2007a, 2007b).
Study

Treatment N

Control N

OR (random) 95% CL

OR (random) 95% Cl

Taylor

26

52

Walker

29

225

0.22 [10.07, 0.65]

Flahaut

135

401

0.75 [0.50, 1.11]

Jonvile-Bera, 1995

118

332

1.28 [0.81, 2.01]

Mitchell

317

1524

0.47 [0.32, 0.69]

Fleming

303

1234

0.49 [0.38, 0.62]

114

341

0.88 [0.46, 1.66]

Vennemann

307

971

0.41 [0.28, 0.60]

Hoffman

716

1514

0.56 [0.47, 0.67]

2065

6594

0.58 [0.46, 0.73]

Jonvile-Bera, 2001

Total (95% Cl)

0.41 [0.15, 1.13]

2

Test for heterogeneity: Chi = 24.52, df = 8 (P = 0.002), P = 67.4%
Test for overall effect: Z = 4.55 (P < 0.00001)
0.1 0.2

0.5

1

2

5

10

CI, confidence interval; OD, odds ratio.

causes of death. In SIDS cases, findings of death scene investigations may be helpful in generating new hypotheses concerning
risk factors. Such investigations are therefore mandatory in
SIDS definitions (Krous et al. 2004). In some studies, scoring
systems were developed and applied to standardise these investigations and to compare the results with regard to the cause of
death (Stray-Pedersen and Rognum 2004). The Norwegian
SIDS study group investigated the body position of the infant
when found, the firmness of the mattress, layers of clothing,
type of duvet, room temperature and co-sleeping as parameters
(Rognum and Lier 1995).
A more detailed investigation was performed as a part of the
German SIDS study, the methodology of which was described
by Schlaud et al. (2010). In this study the paramedics or the
police informed the nearest department of legal medicine
shortly after the discovery of the death and a specially trained
forensic pathologist visited the bereaved family in their home
(or wherever the infant had died). Data were obtained mainly
by observation, according to a standardised protocol. Information on how the infant was found (including covering of the
head and body by bedding), and what may have been changed
since then, was obtained by structured parent interview. There
was an extensive protocol for cases where the death scene could
be visited within 6 hours of discovery as well as for living controls matched for age, sex and region. In cases where a home
visit took place between 6 and 72 hours after discovery, a shortened protocol was used. The protocol included the following
parameters:
• Temperatures of the room, the heating device, the body and
outdoors.
• Dimensions of the room and the cot.

•
•
•
•
•
•

Type, dimensions and weight of all bedding.
Type, dimensions and softness of the mattress/underlay.
Type of infant clothing.
Pacifiers or other items found in the cot.
Devices in the vicinity of the cot.
Dimensions of the doors and windows (dimensions and
whether open or closed during sleep).
This study confirmed many well-established risk factors for
SIDS. The data also suggest that the use of heavy duvets or
quilts may further increase the risk of SIDS. It is recommended
that the methods used in this study form part of the standard
protocol for death scene investigation in sudden unexpected
infant deaths (Schlaud et al. 2010).
The analysis of the clinical history is based on information
given by the parents. Also of interest are medical documents
describing the progression of the pregnancy and birth and the
infant’s development after birth. Such documents can be
requested by paediatricians and hospitals in the event that any
hospital treatment was necessary (Findeisen et al. 2004).

35.2.6 Autopsy findings in SIDS cases
The investigation of infant deaths require special diagnostic
methods, including forensic pathology and other fields of
forensic and general medicine (radiology, toxicology, microbiology, virology, neuropathology, paediatric pathology, paediatrics, clinical chemistry, physiology, epidemiology, genetics). An
autopsy seeks to achieve five main objectives (see above):
1. Determining the manner of death (natural/unnatural).
2. Diagnosing the cause of death.
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Figure 35.2 Livores around the mouth and nose in a case of a
face-down sleeping position. Scratch marks may indicate
violence prior to death (occlusion of mouth and nose).

Figure 35.3 Foam is localised around the nose, indicating the
development of lung oedema.

3. Deducing whether or not the death would have been
preventable.
4. Informing parents on the risk of further deaths (SIDS) in
the family.
5. Amending the death certificate.
It is recommended that a standardised protocol should be
used for all postmortem investigations. In 2007, an international interdisciplinary group published such an extended protocol in Forensic Science International. This protocol included a
recommendation for additional investigations and a detailed
sampling scheme (Bajanowski et al. 2007).

Typical macroscopic findings
SIDS cases display unspecific but typical findings. Most of the
infants are properly developed for their age and well nourished.
Signs of sweating have been found in about 35% of all infants

Figure 35.4 Petechial haemorrhages can be found in SIDS cases
subpleurally.

Figure 35.5 Petechial haemorrhages in the thymus in a SIDS
case.

(hair, clothing and sometimes the bedclothes were found to be
wet; Kleemann et al. 1996). Lips and nail beds are cyanotic
(Valdes-Dapena 1992). Livores are often found on the front side
because of the higher frequency of a prone sleeping position
(Fig. 35.2). Livores may be absent around the mouth and nose
in cases of a face-down position, which may be indicative of a
possible occlusion of both.
In about 40–60% of victims, a white, sometimes haemorrhagic, foam is localised in and sometimes around the mouth
and nose, indicating the development of lung oedema (Borhani
et al. 1973) (Fig. 35.3). This foam may be found during autopsy
in the larynx, trachea and bronchi. In more than 90% of all
victims, petechial haemorrhages have been found subpleurally,
subepicardially and in the thymus (Figs 35.4 and 35.5). Nevertheless, these petechiae can be found, although in much lower
frequency, in infants who died of other causes than SIDS (Kleemann et al. 1995b). In contrast, petechial haemorrhages found
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can cause secondary changes such as haemorrhages, reperfusion damage of the brain and myocardium, rib fractures and
others. For this reason, the forensic pathologist must be notified
of any resuscitation attempts.

Histological changes

Figure 35.6 Petechial haemorrhages in the skin of the face are
indicative of unnatural death caused by suffocation (mainly by
chest compression or soft covering).

in the conjunctiva and/or the skin of the face are not typical for
SIDS. Such haemorrhages (Fig. 35.6) are indicative of unnatural death caused by suffocation, including chest compression
and soft covering (Fracasso et al. 2011).
Signs of inflammation may be found in the respiratory tract:
rubefaction of mucous membranes, fluid or purulent secretion
and increased and activated cervical lymph nodes (Entrup and
Brinkmann 1990; Bajanowski et al. 1996).
In about 20–30% of cases, signs of vomiting prior to death
can be detected (Bajanowski et al. 1996). Sometimes stomach
contents can be found in the larynx, trachea and bronchi. In
these cases, it is necessary to differentiate between agonal aspiration (as a symptom of the disturbances leading to death) and
vital aspiration which can cause suffocation if a significant
amount of stomach contents is found in the lung periphery. In
such cases other signs of suffocation may be relevant (e.g. acute
emphysema of the lungs). On rare occasions, the postmortem
transport of stomach contents into the airways may be a consequence of resuscitation attempts (Althoff 1980; Bajanowski
et al. 1996; Alex et al. 2005).
The lungs usually show dystelectatic regions in addition to
regions characterised by mild acute emphysema. Mild infections of the lower airways are found frequently. Sometimes,
infectious diseases may be more intensive, but of varying quantity and quality. Various forms of pneumonia leading to sudden
and unexpected death have been reported in the past (Althoff
1980; Zink 1986; Entrup and Brinkmann 1990; Bajanowski
et al. 1996).
The heart appears dilated, the right ventricle more intensively compared with the left. The larger blood vessels are often
congested. Liver, spleen and kidneys do not show any specific
changes. Mesenteric lymph nodes are usually enlarged. The
bladder is empty. Mild oedema of the brain is frequently found.
In about 40% of all cases in Germany an emergency doctor
performs resuscitation attempts (Bajanowski et al. 1996) which

A histological investigation is mandatory in paediatric pathology. Histology is necessary to describe the quantity and quality
of pre-existing diseases, hypoxic changes and other findings
indicating unnatural causes of death. It is therefore necessary
to take samples of all organs and tissues during autopsy. If possible, the central nervous system should be investigated by a
neuropathologist experienced in infant death. Findings like
mild oedema, congestion and some foci of gliosis are common
in SIDS. Meningoencephalitis, aplasia or severe dysplasia of
important nuclei or signs of acute or repeated hypoxaemia also
have to be considered as causes of death.

Central nervous system
In the previous decades the following two hypotheses were
investigated: (i) Are changes detectable which are due to hypoxia
caused by extracerebral disturbances? Is a possible disturbance
of the central regulation of breathing associated with morphological changes of the central nervous system?
Accordingly, neuropathological investigations focused on
the brainstem. In 1976, Naeye first described an astrogliosis.
This was later found in the reticular formations, the nucleus
tractus solitarii, the dorsal vagal complex and the medulla
oblongata (Takashima and Becker 1985; Yamanouchi et al.
1993; Kelmanson 1995; Obonai et al. 1997). Naeye (1976) supposed that this astrogliosis could be caused by repeated episodes of hypoxia. Nevertheless, the specificity of this finding is
doubtful because astrogliosis can be found in causes of death
other than SIDS (various types of myopathy, and cardiac malformation). Stoltenburg et al. (1995) discussed whether this
gliosis could be a result of an insufficiency of the placenta. More
recently, changes in the activity of neurotransmitters, receptors
and enzymes have been described. Reduced activity of thyrosine hydroxylase was found in the vagus nuclei and the area
reticularis superficialis ventrolateralis, which was interpreted as
a result of damaged adrenergic and noradrenergic neurons
(Obonai et al. 1998). Changes in the synthesis of catecholamines were found in the nucleus tractus solitarii (Kopp et al.
1993), as well as increased activity of substance P in the trigeminal nucleus (Takashima et al. 1994) and nucleus tractus solitarii,
and a reduced activity of kainate receptors and cholinergic
receptors, each in the arcuate nucleus (Kinney et al. 1995; Panigraphy et al. 1997). All of these centres are involved in the
central regulation of cardiorespiratory functions (Rossi 1999).
Numerous other findings outside the brainstem were also published: prolonged myelinisation (Becker et al. 1993), changes in
the ependyma (Lucena and Cruz-Sanchez 1996), increased
storage of fat in periventricular glia cells (Missliwetz et al.
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1986), changes in peptidergic and cholinergic transmitters in
the hippocampus (Swaab 1995) and increased apoptosis activity of neurons (Waters et al. 1999).
Additionally, changes in the brainstem were investigated
which could have been caused by delayed maturation. It was
supposed that such disturbances could influence the function
of cardiac and respiratory control (Wilske 1984). In particularly, Kinney et al. (1995) investigated serotonin receptor
binding in regions of the medulla oblongata in infants dying of
SIDS. They found, compared with controls, that SIDS was associated with lower 5-hydroxytryptamine (5-HT) and tryptophan
hydroxylase (TPH2) levels as a possible symptom of medullary
5-HT deficiency (Duncan et al. 2010). In 1997, Heils et al. were
already investigating polymorphisms of the serotonin transporter gene in humans. Subsequently, abnormalities in markers
of 5-HT function have been identified in SIDS cases in regions
of the medulla oblongata (Ozawa and Takashima 2002; Paterson et al. 2006). The L allele and LL genotype of the serotonin
transporter gene 5-HTTLPR were identified in higher frequency in SIDS cases compared with controls (Weese-Mayer
et al. 2003; Opdal et al. 2008). Nevertheless, these findings could
not be confirmed consistently for all populations (Paterson
et al. 2010).
It must be concluded that extended investigations which
were performed in the past did not identify a unique mechanism leading to death in SIDS. Nevertheless, there is no doubt
that the function of the central nervous system has a central
significance in SIDS. In each sudden and unexpected death in
infants, a careful neuropathological examination is recommended to exclude cerebral causes of death. Examples of
definite lethal lesions are bacterial meningitis, encephalitis,
microscopical and macroscopical brain abscesses and traumatic
cerebral lesions (diffuse axonal injuries) (Stoltenburg-Didinger
et al. 2003). Brains with potentially lethal lesions show malformations, metabolic and degenerative disorders, perinatal and
later postnatal hypoxic/ischaemic brain damage (intraventricular haemorrhages, periventricular leukomalacia infarcts in the
cerebral grey matter, selective neuron necrosis, cardiac arrest
encephalopathy) and disturbances in the cerebrospinal fluid
circulation (hydrocephalus slit ventricle) (Stoltenburg-Didinger
et al. 2003).

Respiratory tract
The first systematic investigations of the lungs were performed
by Werne and Garrow (1947, 1953). They observed dystelectatic
lungs, subpleural haemorrhages and lung congestion. Histologically, haemorrhagic alveolar oedema, dystelectatic regions,
congestion and bronchus-associated lymphatic tissue in the
lung periphery are common findings in SIDS, as are intraalveolar macrophages. Later, Naeye (1973, 1974) found thickened walls of pulmonary arteries caused by hyperplasia of
muscle cells in the middle layer of the vessels. Valdes-Dapena
(1983) confirmed these findings, but did not derive any diag-

nostic value. She postulated that characteristic morphological
changes are not suitable as proof of SIDS as being the cause of
death and that these changes do not exclude unnatural causes
of death with any certainty. Others investigated the upper
airways (Althoff 1977, 1980, 1986; Kleemann et al. 1995a) and
found inflammatory reactions in a high frequency of SIDS cases
as well as in controls.
Mild respiratory tract infections – often caused by various
types of viruses – can be observed in up to 60% of cases, but
these are usually not sufficient to explain the death. The SIDS
diagnosis is credible (SIDS category Ia + Ib; Krous et al. 2004)
if fewer than 10 alveoli contain less than 10 neutrophils, occasional lymphocytes occur scattered diffusely in the interstitium
or a few widely scattered moderate-sized foci of infiltration are
found, or bronchi and peribronchial tissue show mild to moderate lymphoid infiltrates with an insignificant neutrophil component (Isaksen et al. 2003). The SIDS diagnosis may be possible
(SIDS category II, San Diego definition) if alveoli are not markedly consolidated, but at last 10 alveoli contain more than 10
cells, if the interstitium is characterised by moderate lymphoid
infiltrates present in several sections, and if the bronchi and
peribronchial tissue show neutrophil infiltration in the wall, but
insufficient pus in the lumen to obstruct larger bronchi (Isaksen
et al. 2003). Only in cases showing severe infection (interstitial
pneumonia with bacterial superinfection, bronchopneumonia
and severe bronchiolitis) with septicaemia/viraemia is it possible to consider infection as a cause of death. According to
these authors (Isaksen et al. 2003) lung findings that can explain
the cause of death are characterised as follows: (i) marked,
obvious pulmonary consolidation of alveoli; (ii) widespread
lymphoid infiltrates in the walls of alveoli in all sections (interstitial pneumonia); (iii) purulent exudate that fills the lobar
bronchi or larger branches of the bronchial tree, with atelectasis
distant to the obstruction; and in addition (iv) specific lung
diseases that can cause death – congenital, allergic and inflammatory; also bronchiolitis if obstructive. If such findings are
present, the death is explained by the various diseases and may
not be classified as SIDS.

Heart lesions
In a number of cases, histological investigations of the myocardium show findings typical of myocarditis, structural anomalies or disturbances of the cardiac conductive system. In cases
of inflammation, immunohistochemistry can assist in characterising the cell types involved. Myocarditis is a descriptive term
referring in a clinicopathological context to inflammation of
the myocardium with symptoms. Using histology, myocarditis
is characterised by cellular infiltration of the myocardium by
lymphocytes, monocytes and granulocytes associated with
myolysis, in the absence of coronary artery disease. Infiltrates
may appear as diffuse or focal, and can be graded semiquantitatively as mild, moderate or severe. Following the Dallas criteria (Aretz et al. 1987) for the diagnosis of myocarditis,
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infiltrating lymphocytes and myolysis were accepted markers of
active (acute) inflammation. Vege et al. (2003) and Dettmeyer
(2011) recommend investigating a considerable number of
specimens to avoid a ‘sampling error’ and false-negative results.
In case of lymphomonocytic viral myocarditis the number of
leucocyte common antigen (LCA) positive leucocytes, CD45R0positive T lymphocytes and CD68-positive macrophages may
be increased, as may the expression of cell adhesion molecules,
such as E-selectine, vascular cell adhesion molecule 1 and intercellular adhesion molecule 1, and cytokines (e.g. IL-1, IL-2,
tumour necrosis factor, perforin) – all of which can be investigated by immunohistochemistry. Furthermore, virus detection
by reverse transcriptase polymerase chain reaction (rt-PCR)
and in situ hybridisation can be useful in revealing an association between myocarditis and virus infection (Dettmeyer 2011).
At the State of Art Conference on the Stratification of SUDI
(Oslo, Norway, 2003), an interdisciplinary discussion defined
diagnostic criteria for SIDS and SUDI (Vege et al. 2003). SIDS
cases either do not show any changes in the myocardium or less
than 15 lymphocytes in a 10 high power field (using a 400×
magnification) of one section in the absence of myolysis. Interstitial fibrosis, focal haemorrhages without inflammatory reaction and mild endocardial fibrosis are allowable (Vege et al.
2003). Cases with changes leading to functional disturbances,
but which do not explain the death, may be classified as SIDS
category II (San Diego definition). Examples are the discovery
of more than 15 lymphocytes in the myocardium (without
myolysis) in one or several sections, focal haemorrhages with
or without inflammatory reactions, persistent ductus arteriosum after the first month of life, and minor cardiovascular
malformations such as a small ventricular septal defect (VSD)
and atrial septal defect (ASD). A family history of sudden death
or lethal arrhythmias does not exclude the case from being
category II SIDS. The following changes may be found in nonSIDS cases: malformations, obstructive left heart lesions such
as severe mitral and aortic valve stenosis or atresia, coarctation
of the aorta, VSD associated with ventricular hyperplasia and
pulmonary hypertensive arteriopathy, myocardial tumours,
myocarditis, cardiomyopathies, Kawasaki’s disease, abnormalities of the coronary arteries, severe endocardial fibroelastosis,
abnormalities of the cardiac conductive system, aneurysms of
the membranous septum, and metabolic diseases (Vege et al.
2003).

and increased concentrations of interleukins in virus infections
are some examples of the findings from such investigations.
Although non-disturbed or reduced function of lymphatic
organs was also found, the investigation of lymphatic tissue is
still helpful in diagnosing stress prior to death and in detecting
a systemic reaction as a symptom of local inflammation.
The histological investigation of the intestine can show malformations (e.g. congenital ganglionic megacolon), infections
and other disturbances which sometimes cannot be diagnosed
macroscopically. Gastroenteritis may be of relevance to the
cause of death if the disease is accompanied by significant dehydration or if it is caused by bacteria that are able to excrete
toxins.

35.3 Other main causes of death in
SUDI cases and during
childhood
A number of acute and chronic diseases may cause sudden
death in infancy (reviews by Byard and Cohle 1994; Krous
1995). In the literature there are numerous reports on rare
diseases. The affected infants often showed no signs of disease,
so the sudden death was the first symptom. Sometimes, there
were mild changes in behaviour or mild symptoms of disease
that were not recognised by the parents. Frequent other dis
eases leading to sudden and unexpected death are listed up in
Box 35.1.

Box 35.1 Possible causes of sudden unexpected death in
infancy and childhood.
•

•
•
•

•

Other organs
Lymphatic organs and tissues were investigated to demonstrate
possible disturbances of immunoreactivity and/or disturbances
of maturation of these organs in SIDS. Increased concentrations of acute phase proteins (Amberg et al. 1991), increased
immunogobulin A and M concentrations in the epithelium of
the upper respiratory tract (Thrane et al. 1990; Rognum et al.
1992; Stoltenberg et al. 1992), the detection of toxin-producing
bacteria in SIDS cases (Telford et al. 1989; Blackwell et al. 1993)
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•
•

•
•
•

Severe infection of the respiratory tract such as necrotising
laryngitis, bronchiolitis, bronchopneumonia or severe types
of interstitial pneumonia
Generalised infection, septicaemia or generalised cytomegalovirus inclusion disease
Severe local infection such as myocarditis, endocarditis, meningitis, encephalitis, acute epiglottitis or toxic enterocolitis
Metabolic diseases such as disturbances of fatty acid oxidation, deficiency of pyruvate dehydrogenase, deficiency of
biotinidase or hyperinsulinism
Tumours: rhabdomyoma, sarcoma, thymoma and tumours of
the central nervous system
Reye’s syndrome
Malformations: endocardial fibroelastosis, stenosis of the
aorta, cardiac valves, ventral septal defect, atrial septal
defect, transposition and other malformations of the big
arteries and atresia of the lung artery
Hypoxia caused by brain oedema or hyperthermia
Vital aspiration of stomach contents with obstruction of
airways
Starvation and neglect, abuse, shaken baby syndrome, poisoning or Münchhausen’s syndrome by proxy
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35.3.1 Infection
Epiglottitis
Clinical symptoms of acute epiglottitis may be unspecific. In
particular, in younger children, a severe swelling of the mucous
membranes of the larynx can develop in a short time, caused
by haemophilus influenza B infection, pneumococci, staphylococci or streptococci (Sendi and Crysdale 1987). Macroscopically, the mucous of the epiglottis shows a deep red colour and
the swelling is obvious, sometimes occluding the laryngeal inlet.
Histologically, oedema is present, and an infiltration of neutrophil granulocytes can be observed. The aetiology of the
disease may be clarified by microbiological investigation of
swabs from the mucous membrane of the larynx.

Bronchiolitis
Acute bronchiolitis can occur in infants and younger children
and is caused by virus infection, often by respiratory syncytial
virus (RSV) infection. Other pathogens are parainfluenza
viruses, adenoviruses and mycoplasma pneumonia (Wohl and
Chernick 1978). The swelling of mucous membranes leads to a
reduction of the diameter of airways and increased airway
resistance. The resulting respiratory insufficiency may lead to
acute death in about 2% of hospitalised children (Kuhn and
Askin 1985).

Pneumonia
The three main forms of pneumonia can be observed in infants,
children and adults, but the frequencies vary when different age
groups are compared. Lobular pneumonia affects individual or
multiple lung lobes. This type of disease is mainly caused by
streptococcus pneumonia. Alveoli of a whole lung lobe are filled
by inflammatory cells, fibrin and necrotic epithelial cells. The
disease is typical of higher age groups and is uncommon in
infancy and very rare in early childhood. Bronchopneumonia
occurs more frequently in younger children and sometimes in
infants. The clinical symptoms are mild and often unspecific.
Sometimes the disease only shows signs of upper airway infection. Parents of affected infants and children report catching a
cold and lack of the child’s appetite. In fatal cases, the macromorphological changes of the lungs are not sufficient to allow
a clear diagnosis. Histological investigation of the lungs is then
necessary to diagnose pneumonia and to differentiate between
the various types. It is recommended that specimens taken from
all lung lobes are investigated. In cases of interstitial pneumonia, which is more common in infants and young children, the
diagnosis can be made by X-ray examination or, in fatal cases,
by histology. The inflammation is associated with cellular infiltration (mainly lymphocytes, monocytes and macrophages) of
the pulmonary interstitium, walls of the bronchi, lymphatic
vessels and peri-neuronal tissue (Morgenroth 1983). Interstitial
pneumonia (IP) is often caused by viruses and can be divided

into septal, peribronchial and peri-alveolar forms (Giese 1960,
1974). The most common agents causing IP in infancy are
influenza viruses, adenoviruses, RSV and parainfluenza viruses.
Furthermore, mycoplasma pneumonia, cytomegalovirus, Rickettsia, Chlamydia, measles virus and varicella can cause IP
(Morgenroth 1983; Schaefer 1983).
The main mechanism of virus uptake is inhalation. The
inflammation is usually localised and limited to the primary
place of infection, where virus replication takes place (Leidel
and Egges 1984). In the respiratory tract, the inflammation may
extend as descending infection (Higuchi and Johanson 1982).
In rare cases, respiratory viruses enter the lymph or blood
vessels, resulting in primary viraemia and generalised disease
(Kuhn and Askin 1985). In contrast, a superinfection by bacteria is a common complication of virus infection, supported by
an immature immune system and short and relatively wide
bronchi (Morgenroth 1983).
In practical case work it may be difficult to diagnose a virus
infection of the lungs because the pathological changes can be
unspecific in the early phases of the infection. Typical findings
in the early stages of pulmonary virus infection are lung
oedema, congestion of capillaries, infiltration of the pulmonary
interstitium by macrophages and monocytes, and desquamation of type I pneumonocytes (Lauweryns 1970; Ogbuihi 1988).
Indicative of virus infection are lymphocytic infiltration, alveolar haemorrhages, cuboid transformation and necrosis of
epithelial cells, and the presence of giant cells. Sometimes,
virus-specific inclusion bodies can be found in the cytoplasm
or nucleus of these cells. Cellular infiltration is mainly observed
in alveolar septa in cases of orthomyxovirus infection and more
in the peribronchiolar tissue in cases of paramyxovirus infection. The detection of virus DNA using modern molecular
genetic methods can confirm the diagnosis and the viral aetiology of the findings made by histology.

Meningitis
Although the frequency of bacterial meningitis has decreased
in the last decades, it remains the most common disease of the
central nervous system causing death in children. The most
important and frequent pathogens are Haemophilus influenzae
type B, streptococcus pneumonia, meningococci and staphylococci. Symptoms are often unspecific. Children have a history
of nausea, vomiting and an altered state of consciousness. Acute
meningitis is associated with increased body temperature and
nuchal rigidity. Affected children appear restless and have lost
their appetite. During autopsy, fibrin and pus can be found in
the subarachnoid space. Meninges are dull and thickened. If the
inflammation includes the walls of blood vessels, occlusion of
veins may occur due to reactive intimal reparation processes.
Furthermore, haemorrhagic necrosis of the brain tissue may
occur. Histologically, cellular infiltration of the meninges can
be shown. In cases of Waterhouse–Friedrichsen syndrome,
bilateral intra-adrenal haemorrhages are pathognomonic. The
investigation of cerebrospinal fluid, taken before the opening
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of the skull (by suboccipital puncture), can confirm the
diagnosis.

Myocarditis
As mentioned above, myocarditis may be fatal if the cellular
infiltration is severe and myocytolysis is present. Myocarditis
can be caused by viruses, bacteriae and rarely by fungi, pro
tozoa (Trypanosoma, Toxoplasma), helminthes (Echinococcus,
Trichinella), Chlamydia and Rickettsia. Furthermore, myocarditis may be caused by non-infectious pathways, but these are
relatively rare events in children (in metabolic diseases, allergic
reactions and with ionised radiation). Morphologically, the
heart may appear normal. In other cases, a dilatation of the
ventricles and hypertrophy of the myocardium can be found.
The diagnosis has to be made by histology and further investigations (microbiology, virology, clinical chemistry). Sometimes, the histological findings include severe inflammatory cell
infiltration and extended myocardial damage, which may contrast with an otherwise unimpressive clinical history.
Carditis can occur as a symptom of rheumatic fever, typically developing following tonsillitis caused by streptococci.
The diseases is characterised by febrile temperature, subcutaneous nodules, erythema marginatum of the skin and polyarthritis. It is the subject of discussion whether immunological
cross-reactivity between tissue and streptococcal antigens activates the disease (Byard and Cohle 1994). The most characteristic histological findings are Ashoff ’s bodies, round or oval
nodules showing central fibrinoid degeneration, which are surrounded by histiocytes (Byard and Cohle 1994).

Arteritis
Kawasaki’s syndrome occurs particularly in children younger
than 2 years of age (mostly in infants aged 9–11 months). The
disease is characterised by an infection of the walls of the arteries, mainly the coronary arteries. The mortality rate can be as
high as 3%. Morphologically, the coronary arteries are widened,
and sometimes aneurysms are found. In the acute phase of the
disease, the pericardium, myocardium and endocardium can be
affected. In later stage, thrombosis, stenosis and calcification of
the arterial walls can be found (Takahashi et al. 2011).

Gastroenteritis
Infections of the intestine are frequent diseases in the first years
of life. Diseases may be caused by pathogen bacteria and viruses
as well as by inadequate food or changes in feeding. In infants,
acute gastroenteritis may lead to dehydration and shock within
a short space of time. Severe dehydration is associated with a
decrease in body weight of more than 10%. If the loss of body
weight reaches 15% or more, the disease may be fatal. The clinical history includes vomiting and diarrhoea. In infants, the
fontanel is sunken and the eyes lie deep in the eye sockets. The
skin appears dry and kilting of the skin persists for more than
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2 seconds. Mucous membranes and organs are dry. The causal
agent can be detected by microbiological or virological investigations. To diagnose dehydration, it is recommended that vitreous humour is taken during autopsy and the concentrations
of sodium (>155 mmol/L), chloride (>135 mmol/L) and urea
determined (<40 mmol/L) (Knight 1991).

Septicaemia
Generalised bacterial infection is an accepted cause of death in
humans of all age groups. In infants and children septicaemia
may be caused by streptococci, staphylococci and meningococci
leading to meningitis, pneumonia and septicaemia. Waterhouse–
Friedrichsen syndrome is a well-known example of this group
of diseases (Byard and Cohle 1994). An increased body temperature is not necessarily associated with septicaemia. Postmortem diagnosis can be based on a combination of histology
and microbiology. Histologically, localised acute inflammation
can be detected in combination with signs of generalised infection (haemorrhages at various locations, intravascular thrombi
and disseminated intravascular coagulation). Microbiology
should give positive results for pathogen agents in blood and
in specimens/swabs from various other locations.

35.3.2 Metabolic diseases
It is estimated that about 1% of all SUDI cases occurring within
the first year of life are caused by metabolic diseases (Byard and
Cohle 1994). It is important to include these diseases as part of
the diagnostic procedure of SIDS because a SIDS diagnosis is
by definition a diagnosis of exclusion. In a number of developed countries, metabolic screening is performed in each
newborn to diagnose or exclude metabolic diseases. The most
important metabolic diseases can be diagnosed using tandem
mass spectrometry (Table 35.9). In some instances, a suspicion
may be based on family history. Some of these diseases are
associated with severe fatty degeneration of the liver, which can
be diagnosed by histology. Further, unspecific autopsy findings
are brain oedema, enlargement of the liver and spleen and
pallor of the liver, heart and muscles. A postmortem metabolic
investigation (of blood spots), further histology (histochemical
investigation of muscles) and genetic screening are suitable for
confirming such diagnosis.

35.3.3 Malformations
Heart
A number of different cardiac malformations are associated
with sudden death in infancy (see review by Liberthson 1996).
Common malformations are stenosis of the aorta, the so-called
Eisenmenger complex, stenosis and atresia of pulmonary
arteries, and different types of hypertrophic cardiomyopathy
(Lambert et al. 1974). The underlying malformation is not
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Table 35.9 Metabolic diseases as possible cause of sudden and
unexpected death in infancy that can be diagnosed by
tandem mass spectrometry.
Group of diseases

Individual disease or defect

Amino acid disorders

Phenylketonuria
Tyrosine defects
Diseases of homocysteine metabolism
Maple syrup disease

Fatty acid oxidation
and carnitine
defects

CPT1 and CPT2 deficiency
Carnitine translocase deficiency
MCAD deficiency
VLCAD deficiency
LCHAD deficiency

Organic acid disorders

3-MCC deficiency
Isovaleric acidaemia
Glutaric aciduria type I
Propionic acidaemia
Methylmalonic acidaemia
HMG-CoA lyase deficiency
Catecholate deficiency

previously known in all cases of sudden death. Abu-Harb
et al. (1994) investigated 1074 children suffering from cardiac
malformations; 56 out of 185 of them died suddenly before the
diagnosis could be made. A number of these deaths happened
at the age of 3–6 months, which is typical of SIDS. In some
patients undergoing surgical treatment, sudden death may
occur years later caused by cardiac arrhythmia (Liberthson
1996). In such cases, it is recommended that the cardiac conductive system is specifically investigated in the course of the
histological examination (Bharati et al. 1985).
Malformations of the coronary arteries are often associated
with complex malformations, for example Fallot’s tetralogy, but
may also occur as isolated changes (Mahowald et al. 1986; Kelly
et al. 1993). Anomalous origins of coronary arteries are the
most frequent and can be diagnosed during autopsy. Most significant is an anomalous origin of the left coronary artery from
the pulmonary trunk, a course between the aorta and pulmonary trunk, as well as a partial course within the aortic wall. In
the first case, venous blood is transported in the coronary
artery, leading to progressive necrosis of the conditioned myocardium. These children usually die within the first days or
weeks of life. In the other cases, the coronary artery is rhythmically compressed, leading to inconstant and insufficient circulation (Mahowald et al. 1986).
Hypertrophic obstructive cardiomyopathy (HCM) is the
most common hereditary disease of the heart. The frequency is
estimated at about one per 1000 individuals. Heredity is autosomal dominant with varying penetrance. Some hundreds of
mutations have been identified in 27 genes. The three proteins,
β-myosin heavy chain, cardiac myosin-binding protein C and
cardiac troponin T, can be affected and count for about 60–70%
of all cases (Prinz et al. 2011). HCM may lead to sudden death

in children, in particular in association with physical activity
and sports. Autopsy findings comprising myocardial hypertrophy are indicative for HCM. By histology, fibrosis and irregular
cardiomyocyte structures can be found. Compared with HCM,
sudden death in cases showing dilatative cardiomyopathy is a
rare event (Müller et al. 1995).
Histiocytoid cardiomyopathy is a very rare disease. Sudden
death occurs mainly in girls younger than 2 years of age (Coulibaly et al. 2011). The disease is characterised by subendocardial,
epicardial or valvular yellow-tan nodules (abnormal Purkinje’s
fibres) and scattered clusters of histiocytoid myocytes (Finsterer
2008). Recently, two significant downregulated gene sets were
identified by Shehata et al. (2011). One cluster consisted of the
genes S100A8, S100A9 and S100A12 at 1q21.3c, the other cluster
included genes IL1RL1 (ST2), IL18R1 and IL18RAP at 2q12.1a.
The authors concluded that several candidate genes on 1q21.3c
and 2q12.1a may predispose individuals to histiocytoid
cardiomyopathy.

Endocardial fibroelastosis
Secondary forms can be observed in various diseases, such as
hyperplasia of the left ventricular myocardium. The aetiology
of primary fibroelastosis is not clear. Sometimes sudden cardiac
death (SCD) may occur during the first months of life (Williams and Emery 1978; Takahashi et al. 2008). During autopsy,
the endocardium appears thickened and shows a white colour.
Often, the left ventricle is dilatated, and viewed by a microscope
collagen and elastic fibres are present in increased numbers, and
sometimes mild lymphocytic infiltration can occur.

Other malformations of significance to
sudden death
Malformations of blood vessels in the central nervous system
are rare but may cause sudden death in childhood. Aneurysms
of cerebral arteries or haemangioma in various locations may
be associated with bleedings and can cause sudden death (Byard
et al. 1991/92). Furthermore, herniation of the diaphragm
(Byard et al. 1990b), malformations of the upper respiratory
tract (cysts, Pierre–Robin syndrome) (Williams et al. 1981;
Cozzi and Pierro 1985; Byard et al. 1990a) and malformation
of the aorta (Cohle et al. 1988) may cause sudden death in
infancy and childhood.

35.3.4 Sudden cardiac death without
structural abnormalities
A large spectrum of cardiac disorders can lead to SCD in infants
and children (Driscoll and Edwards 1985). In a certain percentage, no structural abnormalities can be identified at autopsy. In
these cases the presence of primary electrical diseases can be
suggested – that is, molecular changes that lead to subcellular
changes without gross structural abnormalities. These may be
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suspected with symptoms such as (recurrent) syncope, a family
history of sudden death at a young age or electrocardiographic
abnormalities identified before death. Such suspicions may be
confirmed by ‘molecular autopsy’.
Ventricular tachycardia and SCD are not common in children and young adults. However, in recent previous decades, a
number of inherited ventricular arrhythmias have been identified that account for the majority of SCD cases in young and
otherwise healthy children. The spectrum includes primary
electrical diseases, in which an organic heart disease is not
detectable, and arrhythmogenic cardiomyopathies, in which an
inherited myocardial disease may primarily manifest itself with
ventricular tachycardia and/or SCD. Children may die at a
very early stage of the disease when structural abnormalities
are absent and autopsy fails to discover a morphological
abnormality.
By definition, morphological substrates cannot be detected
at autopsy. Changes leading to death occur on a molecular
level. Electrophysiological abnormalities occur that form the
electrical substrate. The prevalence of primary electrical
heart diseases in a population is difficult to determine. Most
of these diseases have a variable expression and incomplete
penetrance.
Long QT syndrome (LQTS) is associated with SCD in children (Ackerman et al. 2001; Bajanowski et al. 2001; Piippo
et al. 2001; Schwartz et al. 2001; Wedekind et al. 2001, 2006;
Christiansen et al. 2005; Plant et al. 2006; Arnestad et al. 2007a;
van Norstrand et al. 2008). Congenital LQTS is a hereditary
disease. The more common form, the autosomal dominant
Romano–Ward syndrome, has a frequency of approximately
one in 7000 newborns, while the Jervell and Lange-Nielsen
syndrome (JLNS) is the more severe but rarer homozygous
form, which is associated with sensorineural deafness. Its frequency is about 1–5% of that of the Romano–Ward syndrome.
Both are caused predominantly by mutations of genes that
encode for cardiac ion channels. At present, a few hundred
mutations in potassium channel genes (KCNQ1, HERG, KCNE1,
KCNE2, KCNJ2; Curran et al. 1995; Wang et al. 1996; SchulzeBahr et al. 1997; Abbott et al. 1999; Tristani-Firouzi et al. 2002),
one sodium channel gene (SCN5A; Wang et al. 1995), calcium
channel genes (RyR2, CaV1.2, CaV3) and some non-ion channel
genes (Ankyrin-B, GPD1-1-NOS1AP) have been identified
(Mohler et al. 2003; Splawski et al. 2005) (see Table 35.3). The
LQTS accounts for 5000–7000 sudden deaths annually in childhood in the USA (Driscoll and Edwards 1985). The leading
pre-monitoring symptoms are syncope and subsequent SCD
due to ventricular arrhythmias, typically of the torsade de
pointes type. Symptoms can manifest themselves at any time
from the neonatal period to young adulthood and later.
However, more than 50% of patients have experienced their
first episode of syncope or cardiac arrest by the age of 15 years.
Syncope in the history of otherwise healthy children should
always raise the suspicion of an undiagnosed LQTS.
Zareba et al. (1998) reported the clinical and genetic data
and the prognosis in 112 LQT1, 72 LQT2 and 62 LQT3 subjects
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of the International LQTS Registry. The median age of the first
cardiac event was 9 years for LQT1 and 14 and 16 years for
LQT2 and LQT3, respectively. By the age of 15 years, the cumulative probability of cardiac events was 53% in LQT1 patients,
29% in LQT2 patients and only 6% in LQT3 patients. In 1993,
Garson et al. defined children as being at low risk of SCD when
they were asymptomatic with a normal QTc and at high risk
when the QTc exceeded 600 ms.
The short QT syndrome (SQTS) is characterised by QT
intervals that never exceeded 280 ms or a QTc of 300 ms. Individuals have short atrial and ventricular refractory periods, and
some show inducible ventricular fibrillation. Genetic analysis
revealed mutations in the HERG gene (SQT1 gene). The gene
product IKr (the rapidly acting component of the outwardrectifying potassium current) is largely responsible for repolarisation and thus the QT interval duration. Two other groups
demonstrated that SQTS is like other primary electrical diseases
that are genetically heterogeneous and can be caused by mutation in the KCNQ1 (SQT2) and KCNJ2 (SQT3) genes (Gaita
et al. 2003; Bellocq et al. 2004; Priori et al. 2005).
In 1992, Brugada and Brugada described eight patients with
a characteristic electrocardiogram (ECG) showing a right
bundle branch block-like pattern with ST segment elevation
and normal QT intervals in the absence of any structural heart
disease (Brugada’s syndrome). Some years later, in 1998, the
genetic nature of the disease (mutation of the gene SCN5A) was
identified (Chen et al. 1998). The prevalence of Brugada’s
syndrome is highest in Asian males. Sudden and unexpected
death of young adults during sleep is endemic in Japan and
Southeast Asia. Oe et al. (2005) calculated the prevalence in
children exhibiting a Brugada-type ECG in a community-based
population in Osaka, Japan to be 0.02%. These data suggest
that SCD due to Brugada’s syndrome occurs predominantly in
adulthood.
Catecholaminergic polymorphic ventricular tachycardia
(CPVT) was first described by Coumel et al. in 1978. Today it
is a clearly defined entity that occurs more often in children and
young adults. The terms CPVT and familial polymorphic ventricular tachycardia both apply to the same clinical entity.
Affected individuals present distinct pattern of stress-related
bidirectional or polymorphic ventricular tachycardia, syncope
and SCD. The disease is genetically diverse, involving several
loci. One form is inherited in an autosomal dominant pattern
(chromosome 1q42–q43; Swan et al. 1999). Subsequent studies
identified mutations in the RyR2 gene (the cardiac sarcoplasmic
calcium release channel gene). A second genetic variant shows
a recessive inheritance (Lahat et al. 2001a). Genetic studies
identified a mutation in the calsequestrin 2 gene (CASQ2; Lahat
et al. 2001b).
The majority of cases of idiopathic right ventricular outflow
tract tachycardia (RVOVT) are sporadic rather than familial.
This disease is the most frequent form of idiopathic ventricular
tachycardia and is usually catecholamine-sensitive, and believed
to be secondary to cAMP-mediated triggered activity. Sometimes it is difficult to differentiate this entity from mild or
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Figure 35.7 Minor strangulation mark of the neck.

Figure 35.8 Small residues of epidural haemorrhages caused by
blunt trauma.

subclinical forms of arrhythmogenic right ventricular cardiomyopathy. Although long-term prognosis is good, SCD has
been observed in rare cases. RVOVT or SCD due to RVOVT is
uncommon in children and young adults (Lerman et al. 1998).

35.3.5 Accidental and non-accidental
causes of death
Various types of suffocation (suffocation, aspiration of foreign
bodies or stomach contents, chest compression), drowning and
child abuse are the most common traumatic causes of death
in infants and younger children (Figs 35.7–35.9). In cases of
suffocation and child abuse, in particular, diagnosis may be
difficult because injuries may not be obvious on external investigation, for example in cases of shaken baby syndrome, suffocation under soft covering, blunt abdominal trauma or
poisoning (Cashell 1987; Lockemann and Püschel 1995; Betz
et al. 1998; American Academy of Pediatrics 2001; Krous et al.
2002; Bajanowski et al. 2005; Bohnert et al. 2005; Fracasso et al.
2011). Therefore, it is recommended that a forensic or clinical

Figure 35.9 Typical emphysema of the lung, including Paltauf
bleedings, in a case of drowning (6-year-old boy, accidental
drowning).

autopsy be performed in cases of sudden and unexpected death
in infancy and early childhood. Between 2% and 10% of infants
who died suddenly and unexpectedly were found to be victims
of violence (Emery 1985; Meadow 1989; Du Chesne et al. 1997).
Accidental poisoning has been described in cases of medical
treatment (Swanson et al. 1997). In cases of suffocation by soft
covering or chest compression the morphological changes are
poor. Sometimes the diagnosis can be made only if a thorough
examination of the scene of death was performed.
Death by aspiration of foreign bodies usually occurs with
children younger than 3 years of age. A number of foreign
bodies suitable for causing suffocation if aspirated are described
in case reports: uninflected rubber balls, screws, small pieces of
plastic, coins, marbles, pills and various food particles (carrots,
sausages, nuts) (Byard et al. 1990b; Lifschultz and Donoghue
1996). In individual cases, fatal aspiration of stomach contents
has been described in infants (Beal 1991). Interestingly, infants
who do not suffer from reflux do not have an increased risk of
aspiration of stomach contents associated with a back sleeping
position (Althoff 1980; Bajanowski et al. 1995).

35.4 Practical investigation of
SUDI/SIDS
Internationally there exist certain protocols that have been validated and used by various studies as well as for practical casework. All these autopsy protocols (Mitchell et al. 1991; l’Hoir
et al. 1998a, 1998b) are similar and correspond to European
guidelines for medicolegal autopsies (Brinkmann 1999). All
protocols closely reflect the International Standardised Autopsy
Protocol (ISAP) of the Global Strategy Task Force of SIDS
International (Krous 1996). The autopsy includes a thorough
external examination, a complete internal examination, an
X-ray investigation, extensive histology, full toxicology and
microbiology.
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Before and during autopsy, measurements have to be performed (body weight, body length, chest circumference, organ
weights) to record objective criteria for the infant’s development. Furthermore, material for further investigations has to
be sampled and stored under suitable conditions. Additional
investigations have been discussed in detail at the State of the
Art Conference on the Stratification of Sudden Unexpected
Death in Infancy (Oslo, November 2003; Rognum et al. 2003)
and at the Soria Moria Meeting on Investigating SUDI (Oslo,
October 2004; Stray-Pedersen et al. 2004) and consensus
was reached for important parts of the investigation leading to
the recommendations. All these were summarised by Bajanowski
et al. in 2007.

35.4.1 Histology
Histological examinations are mandatory in investigating
infant deaths, and for this reason an extensive sampling, cutting
and staining scheme is included in the ISAP. It is recommended
that specimens taken for histology directly after autopsy are
fixed in 4–10% buffered formalin for 24–48 hours before
cutting. Haematoxylin and eosin (H&E) staining is mandatory
for all sections. Furthermore, other staining methods must be
applied for the diagnosis of certain conditions.
Despite considerable discussion at meetings, general agreement on the significance of certain cerebral abnormalities in
SIDS was not reached. Nevertheless, it was recommended that
the brain as a whole should be fixed in 10% buffered formalin
for at least 6 days before cutting. For histological investigations,
samples should be taken from the hippocampus, frontal lobe,
parietal lobe, corpus striatum, thalamus, cerebellum, mesencephalon, pons, medulla oblongata and cervical section of the
medullary cord (Sparks and Hunsacker 2002). All sections
should be stained with H&E, Klüver–Barrera and Luxol fast
blue, and immunohistochemistry for myelin can be used.
Gliosis can be evaluated using immunohistochemical detection
of glial fibrillary acidic protein. Neurons and axons can be
stained by Bielschowsky stains, and microglial cells by immunohistochemistry using a CD68 antibody. Traumatic brain
injury and changes caused by ischaemia can be demonstrated
by β-amyloid precursor protein (Reichard et al. 2005).
Because of the significance of the respiratory tract infections
in infant deaths, an extended histological investigation of the
specimens for the upper respiratory tract and the lungs are
mandatory. As a routine, H&E staining is recommended. Trichromatic staining and iron staining can be used to detect fresh
or older haemorrhages. Inflammatory infiltrates can be characterised immunohistochemically using antibodies such as LCA,
CD45R0 and CD68.
During autopsy the thickness of the myocardium of both
ventricles and the valve circumferences should be recorded and
compared to age-dependent reference data. For the histological
examination, six to eight sections should be taken from the
heart (Vege et al. 2003). All sections should be stained with
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H&E. Other staining methods may be necessary to show particular changes.

35.4.2 Metabolic and genetic investigation
The occurrence of several cases of unexpected infant death in
one family is rare and can be caused by either infanticide or by
an underlying inherited disorder. In the past diagnostic tools
were limited, but new methods such as tandem mass spectrometry and PCR have opened up new possibilities.
During the State of the Art Conference on the Stratification
of SUDI (Arnestad et al. 2003) it was stressed that a detailed
family history is necessary, as is a full autopsy, including frozen
sections of the liver, heart and muscles for fat staining. Metabolic screening is indicated in all cases and is a mandatory part
of the investigation. This means that suitable material has to be
taken during the autopsy: blood and spleen for moleculargenetic investigations, fibroblast cultures for chromosomal
analysis, blood or bile spots for metabolic screening, and urine,
when available.
If there is any indication of the presence of a genetically
determined disturbance, specific testing must be considered.

35.4.3 Bacteriology and virology
Bacteriological and virological investigations are mandatory in
cases of sudden death in infancy and childhood. A discussion
of all of the findings may be necessary to enable correct interpretation. Important questions (Gaustad et al. 2003) to be
answered are:
1. Could be the bacteria/virus detected be a sufficient cause
of death or a contributor to death or does the finding have
any significance as to the cause of death?
2. Do other findings support the diagnosis of infection (e.g.
previous history, histology)?
3. Do the potentially pathogenic bacteria detected belong to
the normal postmortem flora? Are the viruses detected a
reflection of asymptomatic carriage? Could the result of the
investigation be caused by postmortem contamination or
postmortem bacterial growth?

35.4.4 Radiology
Radiological investigation is again mandatory in infant death
and should be performed routinely prior to autopsy. Older
traumatic lesions, minor changes and skeletal abnormalities
and diseases may be overlooked if these investigations are not
performed. Results of radiological tests should be used to
decide which parts of the skeleton to remove during autopsy
for subsequent investigations (e.g. histological examination).
From the literature it is known that radiology contributes to
the diagnosis in about 3–4% of infant deaths (Arnestad et al.
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2002b) and in about 25% of unnatural deaths (Bajanowski
et al. 2005).
High quality radiographs are recommended to begin with
(de Lange et al. 2004) if computed tomography (CT) or NMR
are not available. The standard projections are: anteroposterior
and lateral views of the appendicular and axial skeleton and
thorax/abdomen, and two oblique views of the ribs (AAP
2009). When clinical history or the investigation of circumstances of death reveal suspicion of abuse, a CT or magnetic
resonance imaging (MRI) scan of the skull should be performed. New techniques can be used to detect specific lesions
(Thali et al. 2003; Bauer et al. 2004).

35.4.5 Toxicology
Acute poisoning as a cause of death in infancy is diagnosed in
2–4% of all sudden and unexpected deaths in this age group
(Langlois et al. 2002) and accounts for about 10–12% of unnatural deaths (Bachs et al. 2004). Toxicological investigation is
therefore mandatory in cases of SUDI.
Blood from the femoral vein is the most suitable material
for performing toxicological analyses. Nevertheless, blood from
the cardiac ventricles has to be used in most cases because it is
often impossible to obtain sufficient amounts of femoral vein
blood. Bachs et al. (2004) suggest that the primary screening
could be done using cardiac blood, and that positive results
should be confirmed by investigating femoral vein blood. Furthermore cerebrospinal fluid, vitreous humour, urine, stomach
contents and liver tissue should be taken and retained for
further analyses.
Toxicological screening should at the very least cover alcohols, narcotics and common prescription and illicit drugs.
Bachs et al. (2004) recommend cooperation among paediatricians, pathologists/forensic pathologists and toxicologists. It is
appreciated that the interpretation of toxicological findings in
infants may be difficult, and that therapeutic, toxic and lethal
levels in adults may not be the same as those in infants and
younger children.

35.5 Conclusions
Over the last 5 years discussions on the investigation of sudden
and unexpected deaths in infancy have led to detailed recommendations regarding the examination of various organs and
organ systems and concerning additional investigations. Furthermore, various meetings achieved consensus regarding the
diagnostic criteria for SIDS, and the exclusion of SIDS with
regards to cardiac pathology, lung pathology, metabolic/genetic
investigations, toxicology, microbiology/virology and radiology. Nevertheless, the new San Diego definition of SIDS can
only be successfully applied if further progress in the stand
ardisation of diagnostic criteria can be achieved. The recom

mendations above can be used as a guide for such further
standardisation.
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Sexual Abuse

Cristina Cattaneo, Daniele Gibelli and Marina Ruspa

36.1 Introduction
The issue of sexual abuse in general, be it the abuse of adults
or of children, is one of increasing importance in the realm of
clinical forensic pathology. In many realities abused children
and adults are sometimes examined only by clinicians, for
example gynaecologists and paediatricians. More and more
however the importance of the clinical forensic pathologist in
this area has become evident and a near future, in which the
clinician and the forensic pathologist together can collaborate
in the examination of the victim and in the interpretation of
signs as well as expert witnesses in court, should be sought. The
aim of this chapter is therefore to present the basic aspects of
forensic interest of the issue of child and adult abuse (many
other disciplines are in fact involved in the problem of sexual
abuse, from other medical experts to psychologists and even
social services, but on this occasion information will be limited
to the role for the forensic pathologist).
Statistics reveal that one in five girls and one in 10 boys have
been victims of some form of sexual abuse in childhood; large,
population-based studies on the other hand report a prevalence
of sexual abuse of 13–39% among adult women and 3% among
men, although these indications are probably underestimated
since they do not take into account the most vulnerable individuals (for instance the homeless and institutionalised
patients). On average only 16–38% of rape victims report the
event to law enforcement agencies.
If the prevalence of the phenomenon among women is
probably underestimated, but relatively available, very little is
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known about abused male adults; some authors report that 4%
of abused patients are male. It has been reported that even if
male victims allege the consequences of an attack they are less
likely to disclose the fact that a sexual assault has occurred than
female victims; this is due in most cases to the fear of being
labeled as a victim of sexual abuse.
Historically, the first move towards the analysis of genital
lesions was given by the Napoleonic Code which in 1810 introduced a graduation of sexual crimes and requested physicians
to assess and identify signs and evidence of rape and sexual
abuse. The role of forensic medicine in this discipline has since
then grown from the mere evaluation of lesions towards a more
integrated attitude with clinicians and social workers for the
clinical and psychological treatment of the victim.
Although countries express some differences in the severity
of punishment and the definition of the crime, generally the
infliction of sexual acts upon an unwilling or underage person
with violence, force or physical and psychological coercion is
punishable in most countries. This makes it mandatory that the
forensic pathologist knows what to look for and how to collect
evidence in such cases.

36.2 Examination of the victim
36.2.1 General procedures
Signs and protocols for the examination of male and female
children and adults are given in Table 36.1 and Appendices 36.1
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and 36.2. The clinical examination is a crucial step in the multidisciplinary approach to the victim which includes clinical,
psychological and social assistance. This means that the clinical
examination is only one of the steps the victim will pursue. The
main aims of the examination are:
• The detection of traumatic lesions (not only in the genital
area, but also on the rest of the body).
• The detection of genital and anal lesions and/or infections,
not necessarily related to sexual abuse.
• The diagnosis of pregnancy and its prevention, especially in
adolescents.
• Prophylaxis for sexually transmitted diseases.
• Sampling of biological material for forensic purposes.
One should never forget that the clinical examination represents the first contact between the patient and the physicians
and that special needs of the patient should be respected. Comments and observations should be kept at a minimum, and all
the examiners, whether male or female, should have a third
party (e.g. a nurse) present during the entire examination if the
victim agrees. After a brief collection of the facts, sufficient to
guide the examination, one should proceed (it should be
remembered that victims will usually be interviewed by the
police and it may be exhausting for them to repeat the same
events several times).
Examination should begin with the recording of general
biological and clinical data and an external examination of the
body. Assessment of the genital and anal region should be performed with the greatest attention, since it may be painful and
traumatising, even for adult women. The use of a colposcope
and magnifying lens are suggested in order to perform a more
detailed analysis of the genitalia (and hymen in children) and
the victim should be adequately familiarised with the tools that
will be used during the examination.
Evaluation of the external genitalia should begin with the
description of the morphology of the labia majora and minora,
clitoris, uretral meatus, hymen, navicular fossa, posterior fourchette and perivestibular vaginal tissue. The examination of
adult women is similar to a standard gynaecological one, apart
from the fact that much more attention will be given to detecting small lesions on external genitalia and in the vaginal canal
(with the use of a colposcope and speculum) and to collecting
evidence (DNA, microbiological, etc.).
For children, particularly prepubertal girls, the examination
is usually limited to the external genitalia. At the most, the use
of a swab, preferably urethral, may be of some help in visualising the hymenal margins. The patient can be visited in different
positions: newborns or infants can be kept on their mother’s
lap, whereas older children can be seen examined in the standard fashion; in both cases the frog-legged position is preferable.
One should keep in mind that for the purpose of visualising
significant perianal congestion (see Appendix 36.1) the child
should initially be examined in the anal region lying on his or
her side since anal congestion will quickly appear naturally in
the supine position. The examiner should then expose the vulva
and vestibular area by lateral and downward traction of the

perineum and labia. If the hymenal edge is not visible, the kneechested position is suggested, which allows the force of gravity
to spread out the hymenal tissue and the posterior area of the
vestibule. The Valsalva manoeuvre in some individuals simplifies visualisation of the vaginal meatus.
Visualisation of the oestrogenised hymenal edge in older
children may be easier by application of a Foley catheter or the
use of swabs. Measurement of hymenal diameters is highly
subjective and is no longer suggested (see Section 36.2.2).
After the clinical examination, sampling of biological materials may be requested – which is usually performed with
sterile swabs dampened in a saline solution – according to how
the facts occurred and what has been disclosed by the victim.
Many types of child abuse are disclosed weeks or even months
later and involve touching of the genital area; in these cases
DNA samples for example are not requested. In other cases,
when events are recent and/or actual ejaculation has occurred,
sampling of the external genitalia, vagina and at times the perineum and anus should be performed by swabbing or injection
of saline solution in the vagina and then aspiration with a
syringe.
During the examination one should pay attention to possible sampling for genetic purposes, which usually begins from
the clothing: the victim should take off his or her clothes on
two clean sheets, which should then be sampled in paper bags.
Clothing should also be photographed. Every bag should be
adequately catalogued and signed.
In cases of actual penetration, genital swabs in sets of two
should be taken from external genitalia, cervix and vagina, and
preserved at 4°C for a short period of time and at −20 to −80°C
for a longer period. Slides from the vaginal and cervical smears
should also be prepared for a quick examination for sperm.
Anal and rectal swabs should be taken before vaginal examination to prevent fluid from the vagina dripping down to contaminate the anus when extracting the vaginal swabs.
In addition, swabs should be taken from any region of
the body where there is suspected trace evidence. The buccal
mucosa, spaces between the lips and the upper and lower front
teeth and the surface of the tongue should be swabbed with the
same sets of swabs. Eventual nail scraping or clipping may be
performed if the history suggests it (e.g. the victim scratched
the aggressor). Loose pubic hairs should be collected by
combing. Finally, a blood sample for the determination of plasmatic human chorionic gonadotrophin (hCG) should be performed when necessary as well as blood and urine samples for
sexually transmitted diseases.
For males, the modalities of the examination are similar. In
chronic events on children, attention should be paid to balanopreputial adhesions, phymosis and the position and size of
testicles. The same swabs for DNA analysis should be performed on males in the genital area (penis, glans, scrotum).
The anal region should be analysed in the left lateral position
or in the knee–chest position, before any other examination.
Anal exploration, rectal echography and sphincter sphygmomanometry, since they are all are invasive and traumatising, should
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be performed only when a relevant suspect of inner lesions or
pathology has arisen.
Toluidine blue is suggested in order to detect perineal lesions,
and can be applied by a sterile gauze on the perineum and
posterior fourchette region. The result is positive if a consistent
coloration is visible. UV lamps can be used as well during the
clinical exam in order to detect seminal fluids, although recent
studies have verified that urine and some medicaments used in
paediatrics may give false positives. The search for protein p30,
a prostatic semen-specific glycoprotein, is still the most reliable
and sensible test for the detection of seminal liquid on suspected areas.
The colposcope is undoubtedly an important tool for the
examination of genitals and has been used since the 1980s.
However, several authors report that the direct examination of
genital and anal lesions is reliable enough in most of cases, or
even more precise. Epidemiological studies report that only
19.7% of physicians perform clinical examination of abused
victims with a colposcope, and in most of cases it is used by
skilled personnel with more experience in sexual abuse. The
colposcope, however, is a useful tool for the detection of vulvar
lesions, especially by the application of a green filter which
allows the examiner to better visualise vascular lesions, abrasions and scars. In addition, the colposcope may be complemented by the use of a digital and video camera which may also
record the time and hour of the clinical assessment. Photographic documentation is crucial, as in every field of forensic
medicine, in order to allow other observers to perform the same
evaluation and measurements without having to repeat the
examination. This detail is even more important in cases of
sexual abuse, since a complete photographic documentation
may prevent the need for new and traumatising examinations
of the victim, especially children. In addition, a metric grid can
be inserted in the colposcope, thus allowing the observer to
perform measurements of specific details.
An important point is the timing of the examination.
Reasons for emergency examinations include (i) cases of
obvious (because reported or witnessed) rape before the victim
bathes, or signs and evidence disappears (within 24 hours); or
(ii) in the case of children, when the child complains of pain in
the genital or anal areas, when there is evidence or complaint
of anogenital bleeding or injury, when the alleged assault
occurred within the previous 72 hours, when medical intervention is needed urgently or the child is experiencing significant
behavioural or emotional problems. In all other cases, the
examination should be scheduled so that the patient, particularly children, can be adequately prepared.

36.2.2 Assessment of anogenital lesions
In the case of frank lesions (ecchymosis, lacerations, abrasions),
there should be no difficulty in relating them to mechanical
trauma. The only problem will eventually be the differential
diagnosis between accidental trauma and trauma due to abuse.
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However, in the case of children, where sexual abuse frequently
does not imply rape but manipulation of the genitals, which
may lead to little or no mechanical trauma, and where disclosure may occur months after the actual facts, particular attention has been paid to chronic or permanent signs that may
persist after the abuse. This has led to a lengthy evolution of the
definition and classification of such signs in literature with an
entirely new nomenclature with which the forensic pathologist
should be acquainted – as well as with their significance.
Child sexual abuse is and should usually be ascertained not
only through the medical examination but also through psychological and social assessment. The diagnosis of sexual abuse
is of unquestionable importance, but the wrong diagnosis may
lead to dramatic consequences for the child, the family and the
suspected perpetrators; from this point of view, the identification of specific findings clearly related to child abuse is crucial.
However, with time the number of such findings from the
medical point of view progressively decreases, particularly
when dealing with non-acute situations.
One of the main paradigms in the field of child sexual abuse
is ‘it’s normal to be normal’, which means that non-abused
children may show a large variety of morphological findings.
In other words, whereas very few findings can be considered
exclusive to child sexual abuse, there is a large variety of normal
genital and anal variations and anomalies, which may and have
been erroneously considered indicative of abuse. In the past 20
years literature has progressively focused on the determination
of the possible profiles of normal genitalia and on the description of findings specific for child sexual abuse. In order to
ascertain if a specific sign is related to child abuse, one should
verify its frequency in two populations – one of abused children, the other of non-abused children, with obvious difficulties. Hence, 20 years ago, initial classifications were designed in
which several signs were clearly attributed to child abuse; over
the years, many of these signs, with the increasing number of
epidemiological studies, have been revisited and their importance significantly diminished. A relevant consequence therefore consists in the wide gray area in which many findings lie.
The analysis of genital lesions in this sense began in the
1980s when physicians first started examining the genitalia of
children who were suspected of being abused, and a classification of different lesions was needed in order to give a judgment
concerning the concordance of each sign with abuse. One of
the first classifications of lesions was published in 1994 by
Adams et al. and included a scale of anogenital findings according to the existing literature, and recommendations from the
American Academy of Pediatrics (AAP) Committee on Child
Abuse and Neglect. This classification gradually became a living
structure, absorbing new studies which were published with
time. In 2001, Adams’ classification was changed, with a progressive decrease of significance of some signs. For example,
metric measurements of hymenal and anal openings, and
hymenal width, lost significance (Adams 2001). More recent
studies have shown that the mean hymenal diameter is not
significantly wider in abused children than in non-abused
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children. However, the most relevant change in the 2001 version
was undoubtedly the reassessment of notches and clefts (indentations of the hymen), which were no longer to be considered
as suggestive of abuse since they were found also in non-abused
children. In 2004 another classification was published, which
divided anogenital signs in children into three categories
(namely ‘findings documented in newborns or commonly seen
in non-abused children’, ‘indeterminate findings’ and ‘finding
diagnostic of trauma and/or sexual contact’), and each of them
was widely defined (Adams 2004). In addition, an important
note was reported within the classification, stating that 85–95%
of children with a clear history of sexual abuse have normal or
non-specific medical findings upon examination, either because
of the healing of injuries or because the abuse did not produce
lesions originally. Even penile penetration of the anus or of the
hymen in girls at the beginning of the puberty in fact may not
produce lesions because of the high elasticity of tissues. In fact
several studies have proven the presence of intact hymens in
pregnant adolescents (Kellogg et al. 2004). In 2007, the indeterminate findings were elaborated, including those specific
medical and laboratory findings that may or may not be due to
trauma or abuse, but for which data from studies of abused and
non-abused children were considered insufficient to conclude
a concordance with sexual abuse (Adams et al. 2007). An
example of such signs are notches and clefts in the posterior/
inferior rim of the hymen between 4 and 8 o’clock, which are
seen also in non-abused children. Notches through more than
50% of the width of the posterior hymen are reported in prepubertal girls who described digital or penile vaginal penetra-

tion, although they are not constant in abused children. Notches
through 50% or less than the width of the hymen are not significantly more frequent in abused girls than in non-abused
girls. However, distinguishing between shallow and deep
notches may be difficult.
In 2005, the AAP Committee on Child Abuse and Neglect
stated that findings that may be of concern for sexual abuse
include (Kellogg 2005):
• Abrasions or bruising of the genitalia.
• An acute or healed tear in the posterior aspect of the hymen
that extends to or nearly to the base of the hymen.
• A markedly decreased amount of hymenal tissue.
• Absent hymenal tissue in the posterior aspect.
• Injury to or scarring of the posterior fourchette, fossa navicularis or hymen.
• Anal bruising or lacerations.
In 2008 the Royal College of Paediatrics and Child Health
published a new classification based on the analysis of frequency of anogenital lesions in abused and non-abused children aged under 18 years. Several working groups then
elaborated these data and in 2011 a final classification was
published by Adams (see Appendix 36.1).
Figures 36.1 and 36.2 show the general anatomy of female
genitalia and classifications of the hymen as well as examples
of specific genital and anal findings. Figures 36.3–36.6 show
examples of different types of hymen, and Fig. 36.7 shows how
to visualise the hymenal margin with a swab. With age, hymen
morphology may be modified by oestrogenisation, as shown in
Figs 36.8 and 36.9. Table 36.1 is a description of the main find-
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Figure 36.1 Genital anatomy.
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Figure 36.2 Several types of normal hymenal variants. 1, point-shaped; 2, sleeve-shaped; 3, cribriform; 4, posterior lunar; 5, septate;
6, fimbriated; 7, annular; 8, pocket-shaped.

Figure 36.3 Annular hymen in a prepubertal girl.

ings during the anogenital examination of children and adolescents and their up-to-date significance.
This is the state of the art for the physical assessment of
suspected sexually abused children; one of the most relevant
messages is that the lack of specific signs is normal in cases of
sexual abuses. Between 6% and 99% of children referred for
evaluation of sexual abuse report a normal examination. The
lack of signs is more frequent in non-penetrative abuses,
but not always. Different authors have pointed out the discrepancy between the expectations which derive from the history

Figure 36.4 Semilunar hymen in a prepubertal girl.

and the physical examination (Heger et al. 2002). Another study
performed by the members of the Soccorso Violenze Sessuale
(SVS) service in Milan, Italy reported that among 230 cases of
sexual abuse, only in 7.1% were signs of acute genital lesions
observed (Cattaneo et al. 2006) and over 80% of all cases
showed physical findings which were interpreted as normal or
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Figure 36.7 Use of cotton swab for the proper examination of
an oestrogenised hymen.

Figure 36.5 Septate hymen.

Figure 36.8 Oestrogenised hymen in prepubertal girl.

Figure 36.6 Annular hymen in a prepubertal girl with visible
anterior vaginal wall.

Figure 36.9 Hymen of an adolescent girl.

Reported with the same frequency in
abused and non-abused children

Reported with the same frequency in
abused and non-abused children

More frequent in abused than in non-abused
children; if haemorrhagic pathologies are
excluded, they are always caused by
trauma

Genital abrasions should suggest a possible
abuse, but there are not enough data to
conclude that they are more frequent in
abused children. Pay attention to
scratching lesions

More frequent in abused children

Finding commonly caused by other
medical conditions; marked erythema,
inflammation and fissuring of the
perianal or vulvar tissues due to
infection with group A β-haemolytic
streptococci is condition mistaken for
abuse
Not considered

Extensive bruising of the hymen:
indicative of blunt force penetrating
trauma (or from abdominal/pelvic
compression injury if such history is
given)

Not considered

Acute lacerations of the labia or
posterior fourchette: acute trauma to
external genitals; lacerations (tear,
partial or complete) of the hymen
(acute): injuries indicative of blunt
force penetrating trauma (or from
abdominal/pelvic compression injury if
such history is given)

Erythema is the redness of the skin and/or mucous
membrane caused by dilatation of the underlying
capillaries which subsides with time, and is distinct
from increased vascularity of prominent vessels that
are seen when the superficial larger blood vessels
become dilated

Oedema is an acute sign that occurs when tissue or
mucous membranes becomes swollen due to excess
fluid; tissue may become shiny in appearance and
indent with pressure. Localised oedema is usually a
sign of inflammation, infection or trauma and
subsides with time

Bruising occurs as a result of damage to the capillaries
or larger blood vessels allowing blood to leak into the
surrounding tissue, with a skin discoloration which
changes and fades with time. Other terms used to
describe bruising include haematoma (collection of
blood in deeper tissues), ecchymosis (small bruises),
contusions (non-specific bruises) and petechiae
(individual pinhead-sized bruises)

An abrasion is a superficial injury involving only the
outer layers of the skin/mucous membrane that does
not extend to the full thickness of the epidermis. A
linear abrasion is known as a scratch and a brush
abrasion as a graze, both are often the result of a
contact between the surface of the skin and a rough
surface. Abrasions exude serum which progressively
hardens from a scab to eschar, but they also bleed
when they are deep enough to breach the vascular
papillae that corrugate the undersurface of the
epidermis

The terms are not precisely defined; ‘tears’ and
‘lacerations’ are used interchangeably as
interruptions through the skin, mucous membranes
or deeper structures of the tissues; the term
transection refers to a complete section of the
hymen caused by a blunt object that has ripped or
pulled the tissue

Genital erythema
Genital redness
Genital
inflammation

Oedema

Genital bruising
(Fig. 36.10)

Genital abrasions

Genital
lacerations and
tears (Fig. 36.11)

(Continued)

General interpretation by most authors

Adams’ classification

Definition

Sign

Table 36.1 Main findings during the anogenital examination of children and adolescents and their up-to-date significance.
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Finding complete hymenal scars on the
dorsal side or loss of hymenal tissue in
the dorsal side is more common in
abused children; other genital scars are
probably more frequent in abused
children. Caution: ‘hymenal scar’ is an
ambiguous term since it should be
defined as transection as suggested by
the Royal College of Paediatrics and Child
Health; scars do not give any indication
concerning the timing of lesions
Incomplete clefts and notches have the
same frequency in abused and nonabused children; if they are on the dorsal
side, one should always take into account
the hypothesis of abuse

Same frequency in abused and non-abused
children; their visibility depends on the
position of the examination, and
therefore the child should be visited in
prone and supine positions before
confirming the existence of bumps/
mounds

Measurement of hymnenal size is not
recommended

Finding diagnostic of trauma and/or
sexual contact

Indeterminate findings: if they are deep
and in the posterior/inferior rim of the
hymen and extend through more than
50% of the width of the hymen, or
deep notches or complete clefts in the
hymen at 3 or 9 o’clock in adolescents
Normal variants: if they are shallow and
in the inferior rim of the hymen (below
the 3 to 9 o’clock line), or in the
anterior half of the hymenal rim on or
above the 3 to 9 o’clock line in a
supine patient
Normal variants

Not considered

Genital injuries with signs of healing, which usually
includes three phases: acute phase (within 72 h),
cellular proliferation/regeneration and cellular
maturation/modelling

They are indentations of the hymenal membrane,
variously defined as clefts, notches and concavities;
they may be part of the normal hymenal morphology
such as the natural indentations in a fimbriated
hymen. Some authors use cleft and notch
interchangeably, whereas others distinguish notches
from clefts by their depth and/or shape and even
subclassify clefts as ‘tears’

A bump or mound is a solid, localised, rounded,
thickened area of tissue on the edge of the hymen,
common in anular and crescentic hymens. Difficult to
identify in redundant or fimbriated hymens due to
the fringed or folded nature of the hymen. Bumps
differ from tags (Fig. 36.15), which are an elongated
projection of tissue arising from any location on the
hymenal rim, commonly found in the midline, and
may be an extension of a posterior vaginal ridge

Increase in the anteroposterior (AP) and transverse
diameter of the hymen, analysed in supine froglegged and prone knee–chest positions, with labial
separation. On occasions, the hymenal orifice may be
viewed without manipulation; this sign is usually
defined ‘gaping’

Healing or healed
genital injuries
(Fig. 36.12)

Clefts and
notches
(Figs 36.13 and
36.14)

Hymenal bumps
and mounds

Size of the
hymenal orifice

General interpretation by most authors

Adams’ classification

Definition

Sign

Table 36.1 (Continued)
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Definition

Concerns the width of the posterior rim of the hymen;
the term ‘attenuation’ has been used to describe
changes to the width of the posterior rim and defined
as a narrowing or rubbing away of the hymen, with
significant attenuation implying that a least of
portion of the hymen has completely disappeared.
Other authors consider attenuation as a distortion of
the hymenal ring which results in the edges of the
hymen appearing rolled or rounded from the inside
out rather than sharp and clearly demarcated. All
definitions include the evidence as a result of
trauma. The hymenal width is the visible amount of
the membrane from its free margin to its base
attachment to the vagina

Friability refers to a superficial breakdown of the skin/
mucous membrane when gentle traction is applied
causing slight bleeding; a breakdown of the posterior
fourchette has been noted by clinicians when traction
is applied also to normal skin; some authors have
associated friability with sexual abuse

Also known as labial agglutination or labial adhesions.
It is the result of adherence of the adjacent mucosal
surfaces of the labia minora. It is seen in infants and
young children (nappy wearers) but is unusual to
appear for the first time after 6–7 years of age and
may be related to chronic irritation. It may be almost
complete (obscuring the entire vestibule) or partial.
Most children with labial fusion are asymptomatic
and cases spontaneously resolve within a year; it
may be related to local inflammation for normal
incontinence, vaginitis, poo hygiene or frictional
irritation

Sign

Hymenal width

Friability

Labial fusion

Complete loss of hymenal tissue in the
dorsal side is observed in abused
children, and should be confirmed by
examination in the prone and supine
positions; hymenal measurement is not
recommended

Same frequency in abused and non-abused
children

Same frequency in abused and non-abused
children; if it is severe, it is more
suggestive of trauma. Labial fusion may
request a surgical treatment in order to
observe the hymen

Hymenal transection (area between 4
and 8 o’clock on the rim of the hymen
where it appears to have been torn
through, to or nearly to the base, so
there appears to be virtually no
hymenal tissue remaining at that
location) or a missing segment of
hymenal tissue in the posterior half of
the hymen, confirmed by additional
positions or methods. Injury is
indicative of blunt force penetrating
trauma

Finding commonly caused by other
medical conditions

Finding commonly caused by other
medical conditions

(Continued)

General interpretation by most authors

Adams’ classification
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It refers to the collection of venous blood in the venous
plexus of the perianal tissues creating a flat or
swollen purple discoloration and may be localised or
diffuse. Excessive traction and long periods of
observation (over 30 s) may lead to its appearance

Bruising occurs as a result of damage to the capillaries
or larger blood vessels allowing blood to leak into the
surrounding tissue, with a non-blanching skin
discoloration which changes and fades with time.
Other terms used to describe bruising include
haematoma (collection of blood in deeper tissues),
ecchymosis (small bruises), contusions (non-specific
bruises) and petechiae (individual pinhead-sized
bruises)

Perianal venous
congestion
(Fig. 36.16)

Anal and perianal
bruising

More frequent in abused than in non-abused
children; if haemorrhagic pathologies are
excluded, they are always caused by
trauma

Not reported

Condition mistaken for abuse

Erythema is redness of the skin and/or mucous
membrane caused by dilatation of the underlying
capillaries which subsides with time

Anal and perianal
erythema

Findings diagnostic of trauma and/or
sexual contact

There are not enough data to verify if they
are more frequent in abused children;
however, in prepubertal children vaginal
foreign bodies are unusual

Not considered

There is an association with sexual abuse; the causes
are not always known since children are often
unwilling or unable to tell who inserted the object
and why; possible causes include innocent insertion
by the child during personal hygiene and selfinsertion by a sexually traumatised child

Vaginal foreign
bodies

Observed in children alleging anal abuse

More frequent in abused than non-abused
children; vaginal discharge requires
microbiological diagnosis through swabs
and sampling

Finding commonly caused by other
medical conditions

Collection of fluid from the genital tract that is not
blood or urine; it can be physiological or pathological.
Newborns often have some mucous discharge due to
the effects of maternal oestrogen. From 3 months of
age the discharge is often minimal until puberty
when oestrogen levels increase again. Possible
causes of discharge are infections by Staphylococcus
and Streptococcus, sexually transmitted infectious,
foreign bodies, threadworm/pinworm, lack of
personal hygiene or trauma including sexual abuse

Vaginal discharge
in prepubertal
girls

Findings commonly caused by other
medical conditions

General interpretation by most authors

Adams’ classification

Definition

Sign

Table 36.1 (Continued)
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Same frequency in abused and non-abused
children

External genitalia in males include the penis and
scrotum; genital injury may be caused accidentally or
as a result of either non-sexual or sexual assault
including oral sex

Genital signs of
injury in boys

If acute lacerations or extensive bruising
of the scrotum and penis: findings are
diagnostic of trauma and/or sexual
contact

RAD refers to a dynamic action of the opening of the
anus due to relaxation of the external and internal
sphincter mucles with minimal traction; the anus is
usually closed initially, then opens and closes again
over a period of several seconds. Anal inspection is
usually performed in the left lateral position after
parting the buttocks; observation is maintained for
30 s, as there may a delay before the anus dilates

Reflex anal
dilatation (RAD)

More frequent in abused children: record
the size of dilatation, position, timing of
the examination, and stool in the rectum

Perianal and anal lacerations and perianal
scars are more frequent in abused
children; rhagades and anal appendices
have the same frequency in abused and
non-abused children

Findings diagnostic of trauma and/or
sexual contact

In literature there is confusion concerning the different
terms: anal fissures have been defined as a break
(split) in the perianal skin which radiates out from
the anal orifice; they are confined to the anal margin
and may be superficial or deep. If chronic, they are
usually deep and the transverse fibres of the internal
sphincter may be visible
Perianal lacerations are acute tears in the anus and
tissues immediately surrounding the anus, which may
extend beyond the anal margin and are usually
longer than 1 cm; they may be signs of a recent injury
Healing of a fissure or split may lead to a scar in the
anal margin (Figs 36.17 and 36.18)
Anal skin tags (Fig. 36.19) are protrusions of anal verge
tissues which interrupt the symmetry of the perianal
skin folds, and most often result from fissures which
have been healed or from an inflammatory reaction
with oedema at the lower end of a fissure which can
be acute or undergo fibrosis and become permanent

Anal fissures,
lacerations,
scars and tags

Indeterminate finding if marked and
immediate, to an AP diameter of 2 cm
or more in the absence of
predisposing factors; if less than 2 cm,
condition may be mistaken for abuse

General interpretation by most authors

Adams’ classification

Definition

Sign
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Figure 36.10 Bruising.
Figure 36.13 Hymen notch at 3 and 6 o’clock.

Figure 36.11 Laceration of hymen and fossa.
Figure 36.14 Detail of hymenal notch.

Figure 36.12 Hymenal transection.

Figure 36.15 Hymenal tag.
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Figure 36.16 Perianal congestion.

Figure 36.18 Healing anal scar.

Figure 36.17 Old anal scar.

aspecific according to Adams’ classification commonly used at
the time of the study (Adams 2001).
In addition, one should keep in mind the different physiological conditions that may be mistaken for lesions. For example,
the Mongolian spot, which is one of the most common birthmarks in newborns, may be mistaken for a bruise if located in
the perianal area. Nevi in the genital area may raise the suspicion of child sexual abuse as well.
Finally, in children genital morphology is continuously
changing, and the effects of growth may modify pre-existing
lesions. A number of studies have clearly shown that from birth
to 9 years hymenal morphology and measurements change
(Berenson and Grady 2002; McCann et al. 2007). In the pubertal age the hymen goes on changing, becoming thick and redundant with a tendency to fold outwards. In addition, because
healing is fast and may be complete, signs are more likely to be
found within 2 or 3 days of the abuse. The question concerning
healing of genital injuries is an incompletely known chapter of

Figure 36.19 Anal tag.

sexual abuse: hymens seem to have the capacity to heal fast and
completely, smoothing over tears or lacerations. McCann et al.
(2007) reported that in 113 girls minor bruising and haemorrhage healed in 3–4 days, and marked haemorrhage in 11–15
days. Scar tissue is not reported in the hymen. Hymenal abrasions, petechiae and ‘mild’ submucosal haemorrhages and haematomas completely heal in 2–3 days in most published cases.
In addition, submucosal haemorrhages classified as ‘moderate’
or ‘marked’ may persist for 15 days. The same is valid also for
hymenal lacerations: a study observed that among 19 hymenal
lacerations classified as less than complete, four healed without
signs in prepubertal girls (McCann et al. 2007). Among pubertal girls, a hymenal defect at the site of the initial laceration
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appeared and was visible at the follow-up examinations. Nonhymenal abrasions resolved within 3 days, petechiae within 24
hours, submucosal haemorrhage and haematomas within 7–14
days. Deep lacerations of the posterior fourchette require on
average 2 or 3 weeks.
As for adults, the literature has ascertained clearly that most
victims of sexual abuse do not show severe genital lesions (Cattaneo et al. 2006), such as vaginal lacerations (Geist 1988).
Nonetheless minor lesions seem to be present in 20–50% of
cases. Most genital lesions are not severe, and include bruising,
abrasions and genital redness. However, the exact significance
of such lesions is not clearly defined because of the lack of
information concerning differences between genital lesions
caused by sexual abuse and consensual sexual intercourse. The
few studies concerning this topic have verified that lesions are
less frequent in non-abused subjects and often were observed
only in one genital area, whereas in sexual abuse or rape injuries
are more frequent and involve several localisations (Slaughter
et al. 1997). The SVS service reported that among 160 cases of
sexual abuse, 49% showed anogenital lesions. Similar percentages were reported by several studies performed within different geographical contexts. Another study performed on 418
subjects showed that genital trauma occurred in 35.7% of cases
seen in emergency departments, and only in 19.5% of subjects
seen after 72 hours (Grossin et al. 2003). In the latter case, there
is also an increase in percentage of non-specific signs. In addition, general body trauma was found in 39.1% of cases examined in emergency departments and only in 6.3% if the victim
was visited after 72 hours.
For male victims, genital lesions of the penis and scrotum
are very rare, even in abused subjects. More attention should
be paid to the anal region, although anal penetration may not
cause visible signs.

36.2.3 Assessment of extragenital lesions
During the clinical examination the presence of extragenital
lesions should be ascertained as well, such as bruises, abrasions
and lacerations. Bruises are ‘closed’ lesions, caused by broken
subcutaneous vessels and the spreading of blood within the
tissues. The main characteristic of bruises consists of the change
of colour related to the time that has elapsed since the trauma;
early bruises are red, then become blue, violet and finally green
and yellow. However the modification in the colour of bruises
depends on position, skin elasticity, general health conditions
and haemorrhagic pathologies, and so on. For these reasons,
the precise time of the production of bruises cannot be precisely
extrapolated from mere chromatic information. On the other
hand, finding several bruises of different colour may prove that
the observed lesions have been produced at different times, and
therefore may suggest continuous physical maltreatment.
Abrasions are caused by the impact and tangential translation of a surface against the skin, with the removal of the most
superficial skin layer. Also, abrasions may reproduce the shape

of the impacting surface. Examples of specific abrasions frequently encountered in cases of rape are the signs of ligature,
scratches and signs of dragging on the floor. Bruises and abrasions may be caused by contact with the body parts of the
aggressor and therefore require appropriate sampling for heterologous DNA useful for genetic identification.
Lacerations are discontinuations of skin, usually with irregular edges, often accompanying bruises and ecchymosis.
A specific type of trauma frequently associated with sexual
abuse is the bite mark – signs left by the teeth of the perpetrator.
Bite marks are of the utmost importance in cases of suspected
sexual abuse, since they reproduce the odontological profile and
should therefore be assessed in cooperation with a forensic
odontologist. The analysis of bite marks should occur as soon
as possible since their morphology may radically vary with time
because of the modifications of soft tissues induced by the
trauma and the physiological elasticity of the skin. Documentation by photography should be repeated over time in order to
verify the modifications of the lesion, which may make the
dental pattern more evident. All photos should be taken with
the help of a metrical reference (as for all other signs of trauma),
in order to correctly assess the size of lesions. The signs of bite
marks left by humans are elliptical and semilunar, usually
included in an ecchymotic area. The diameter varies from 25 to
40 mm; bite marks with diameters under 25 mm are more likely
to be caused by children or animals. The documentation of a
bite mark is crucial since its identifying characteristics are based
on the correct reproduction of both morphology and size. The
application of silicon casts on the skin lesion can be useful, in
order to obtain a reliable negative reproduction of the lesion.
Often the finding of bite marks requires an assessment to be
performed on the suspect in order to verify possible concordances with the morphological features of the lesions. Dental
profiles in fact include several physiological, pathological and
therapeutical markers which make every dentition unique. A
comparison between dental profiles should always be performed by a forensic odontologist capable of detecting possible
sources of distortion and identifying the individualising characteristics of each feature. Auto-inflicted lesions should also be
considered. In addition, bite marks usually still contain saliva
from the perpetrator. All these lesions therefore require swabs
for genetic sampling.
Sharp force lesions are less frequent in rape victims. These
are caused by knives, scissors, pointed instruments and so on.
Lesions have regular edges and can clearly be differentiated
from lacerations by blunt force. They are often caused by defensive attempts of the victim.
Sometimes during sexual abuse asphyxia can be encountered due to attempts at manual strangulation and strangulation by ligature. In these cases, where the victim survives the
aggression, skin lesions (finger-shaped bruises, abraded sulcus)
can be observed on the neck and must be accurately recorded
and documented.
Finally, the clinical examination should always include an
analysis of the oral cavity, with special attention to the frenu-
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lum, which may be broken by forced oral sexual activity, or
palatal petechiae.

36.3 Sexually transmitted infections
Sexually transmitted infections bring about relevant consequences, both from the clinical and forensic point of view. First,
their diagnosis requires treatment or, for example in the case of
human immunodeficiency virus (HIV), a prophylaxis which
may have relevant collateral effects. Second, from a forensic
point of view, finding a sexually transmitted disease requires
the exclusion of other possible causes of infection. A sexually
transmitted infection is not necessarily linked to sexual abuse,
and even in prepubertal subjects it should be evaluated with
caution. For these reasons, this topic will be treated in the following sections according to the age of the patient.

36.3.1 Sexually transmitted infections in
prepubertal children
Since the finding of a sexually transmitted infection in children
has importance from a sanitary and forensic point of view,
the diagnosis should be performed with the highest level of
precision and accuracy. The most frequent pathologies are
described here.
Gonorrhoeae is caused by Neisseria gonorrhoeae, and is
usually found in between 2.3% and 11.2% of abused children.
In prepubertal girls ascendant infections are rare because of
anatomical and functional reasons. The risk of infection is
related to the number of episodes of abuse. Incubation is
between 3 and 7 days, and it usually affects the urethra, cervix,
vagina, rectum, conjunctivae and oropharynx, although in 45%
of cases it may be asymptomatic, especially in rectal and pharyngeal infections. Several studies have verified the high persistence of the bacterium (up to 72 hours) on non-biological
surfaces (Gilbaugh and Fuchs 1979; Sristava 1980). At the
moment the existing literature denies the possibility of indirect
infection for adults, and for children it has not yet been reported
– except for a diffusion of the infection among children in a
paediatric hospital by contaminated thermometers, reported in
1927. Infection by underwear or other items has not yet been
proven either. However, indirect infection is unlikely to explain
localisation of the infection in the pharynx and vagina and
there is a strong relation between localisation of the infection
and sexual intercourse. The vertical transmission from mother
to child usually involves conjunctivae and resolves within the
first year. Diagnosis can be reached only by microbiological
culture.
Treponema pallidum is the infectious agent of syphilis, and
is reported in between 0% and 1.8% of abused children in
Western countries, whereas in India the percentage rises to
27.6%. Incubation lasts 21 days on average; signs and symptoms
are the same as reported in adults. Secondary syphilis is usually
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recognisable by cutaneous rashes within 1–6 months after
infection. Serological tests are usually negative in the first phase,
and become positive at Venereal Disease Research Laboratory
(VDRL) and Treponema pallidum hemagglutination assay
(TPH-A) testing 4–8 weeks after the infection. Vertical transmission involves newborns, and infection by blood transfusion
and contact with ulcers, although reported, are extremely rare.
Chlamydia trachomatis is variously involved in conjunctivitis, pneumonia, vaginitis and urethritis; the prevalence among
abused children is under 5%. Infection occurs by direct contact.
Vertical transmission usually causes a localisation at the
nasopharynx, vagina and rectum which may persist without
symptoms up to the 3 years of age, when the bacterium is often
eradicated by antibiotics for other causes. The diagnosis may
be reached with precision by microbiological analyses.
Mycoplasma hominis and Ureaplasma urealyticum are strictly
related to sexual activity; prevalence among abused children is
between 6% and 11% for M. hominis and between 11% and
22% for U. urealyticum. Vertical contamination exists as well
and may persist for more than 1 year.
Infections with human papilloma virus (HPV) are the most
frequent, especially because affected individuals are often
pauci-symptomatic. Vertical transmission exists as well, often
characterised by a transient contamination of skin surface. The
incubation period in children may last up to 20 months and
this explains difficulties in diagnosis. In addition, the first manifestations may heal without signs and be followed by new
lesions after time. Finding genital lesions of HPV is of controversial interpretation in prepubertal children, since the infection may be explained by other reasons than genital contact. In
addition, horizontal diffusion between cohabitants has been
reported as well. Finding papilloma in a prepubertal child
therefore requires an accurate evaluation by histological analysis of the lesion, bodily examination in search of other signs of
the infection and an accurate anamnesis in order to verify possible vertical or horizontal diffusion.
Herpetic infections exist in two forms, herpes simplex virus
1 and 2 (HSV1 and HSV2), both of which may affect genitals,
with similar signs and symptoms although HSV2 is more
related to genital relapses. Incubation of the primary infection
is between 2 and 20 days.
Trichomonas vaginalis is an exclusive sexually transmitted
infection, and only in 5% is a vertical transmission reported; it
frequently causes vulvovaginitis. It has been reported in nonbiological material such as underwear, and therefore indirect
contamination is theoretically admitted but not yet reported. T.
vaginalis can persist briefly in the vaginal environment and its
detection is a sign of recent sexual intercourse.
As concerns HIV infections, some sources report a frequency
amounting to 0.025% for a total of 28 cases in abused children,
with a prevalence in chronic abuses and subjects alleging penetration (Gellert et al. 1993). These data show that chronic
abuse and penetration are the most relevant risk factors for HIV
infection, although the real susceptibility of children to the
infection has not yet been ascertained.
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In conclusion, infection by N. gonorrhoeae after the neonatal
period, syphilis (if perinatal infection is excluded), T. vaginalis
in girls after 1 year of age, Chlamydia in girls after 3 years, and
HIV (if neonatal infection and infection by blood material are
excluded) are reported by Adams as suspect evidence of sexual
abuse in children. Since the risk of infection by a sexually transmitted disease is low in abused children, prophylaxis is not
suggested unless the patient shows signs or symptoms of infective pathologies, or was abused by someone affected by infections, or sexual infections are reported among the relatives, or
if a history of penetration and ejaculation is alleged.

36.3.2 Sexual transmitted infections
in adults
The exact risk of an abused victim being infected by a sexual
transmitted disease is unknown because of the large number of
interfering factors. It is often difficult to distinguish between
recent and pre-existing infections. In addition, microbiological
results depend on the time that has elapsed between the examination and the abuse. In general, the risk of being infected is
high in subjects under 25 years, in cases of co-infections, drug
addiction, alcoholism and smoking; in addition, it depends on
the number and origin of perpetrators, the use of condoms and
the number and modality of abuses. Infections observed in
abused subjects are similar to those observed within the general
population, with a prevalence of Chlamydia. A study published
in 2000 reported in the UK a prevalence of infection in abused
subjects of between 12.7% and 21% (Lamba and Murphy
2000). A meta-analysis published in 2000 observed a prevalence
of N. gonorrhoeae of 2–6.5%, C. trachomatis 6–17%, T. vaginalis
2.3–14.7% and syphilis 1–3% (Reynolds et al. 2000; Cattaneo
et al. 2006). HPV, because of its high frequency in the general
population, cannot be related without doubt to the abuse. Even
less is known concerning HIV: very few cases are recognised,
and in none of them has the infection been clearly related to
the abuse. Although the risk after a single episode seems to be
low, it cannot be quantified. Specific tables of risk report that
after a single vaginal receptive intercourse the probability of
HIV infection is about 0.1–0.2% (and 0.1–3% for anal penetration), but in cases of sexual abuse these values are probably
higher because of the higher probability of trauma and other
sexually transmitted infections.
The first assessment includes swabs for microbiological
analysis from every site of penetration for N. gonorrhoeae, a
genetic test for detection of C. trachomatis on the urethra,
cervix, urine, vulva and vagina, vaginal swabs for T. vaginalis
and serological tests for HIV, hepatitis B and syphilis. Swabs
should be repeated after 1–2 weeks in order to wait for an
adequate replication of the bacteriological agent, which may
not be detected in the first test. Serological tests for syphilis and
HIV should be repeated after 6, 12 and 24 weeks if the first ones
were negative.

Prophylaxis within 72 hours is recommended since it may
treat asymptomatic victims and protect against the risk of
patients dropping out of clinical examinations. For C. trachomatis, N. gonorrhoeae, T. vaginalis and aspecific vaginal bacterioses, prophylaxis includes the use of ceftriaxone 125 mg i.m.,
metronidazole 2 g per os, azithromycin 1 g per os or doxycycline
100 mg per os twice a day for 7 days. HIV prophylaxis is valid
if it occurs within 72 hours, and the earlier it is applied to the
patient the higher the probability of success. HIV prophylaxis
may cause a number of collateral effects and therefore the
patient needs to be accurately informed. In addition, since up
to 10% of cases are resistant to azidovudin, the association of
three antiretroviral agents is suggested for 4 weeks. All patients
who need to be treated by a prophylaxis schedule must be
informed and give their consent to the treatment.

36.4 Toxicological analysis
Intoxication may be used by an aggressor in order to reduce the
defences of the victim during sexual abuse. In addition, it
brings about relevant consequences from a clinical point of
view and in different countries the use of drugs modifies the
juridical profile of the crime. The use of possible drugs, called
date rape drugs, should be ascertained in order to better
describe the crime. Alcohol causes increase of friendliness and
loss of behavioural inhibitory controls. Flunitrazepam is a benzodiazepine (BDZ), and shares the same capacities of inducing
sleep and anterograde amnesia; this drug is usually known with
the commercial name of Roipnol® and is commonly used as a
date rape drug since it is flavourless and odourless. The first
symptoms appear 15 minutes after the consumption, and it is
eliminated within 7 days. This kind of drug may be toxic
through depression of the central nervous system, especially if
it is taken with alcohol.
Gamma-hydroxybutyrate (GHB) can exist as a liquid or a
white powder. It is usually used for its fast hypno-inducing
effects, occurring 15 minutes after consumption. It is excreted
mainly by the breath, with only 2–5% eliminated by urine. Possible neurological side effects include convulsions, delirium,
coma and hypothermia.
Ketamine is a substance deriving from phencyclidine
(PCP), which causes anaesthetic effects, amnesia and loss of
response to pain. In addition it may induce confusion and
hallucinations.
Suspicion about the type of intoxication may be raised from
the anamnestic information, especially considering the context
of possible consumption (disco, rave parties, etc.). The clinical
examination should focus on loss of conscience, convulsions,
confusion, behavioural alterations, amnesia, muscular hypotonia, symptoms of respiratory depression, etc. For biological
sampling, if the consumption is within the last 24 hours,
peripheral venous blood and urine should be sampled, whereas
if the event dates back more than 3 days the analysis should
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focus on urine. Control hair samples should be taken if the
event occurred up to 4 weeks previously. All samples should be
preserved in a freezer, with the name, number of case, and date
and hour of the sampling.

36.5 Legal outcome
A correct interpretation of clinical signs and forensic evidence
referring to possible sexual abuse is even more important if one
takes into consideration the impact of such a diagnosis on the
legal outcome and results of a trial. Studies have frequently
reported the influence of the forensic evaluation of the victim
on the final verdict; in an Italian study, in cases with no lesions
37.6% reached a conviction sentence. This percentage rose to
93.7% when lesions were considered by clinicians as suggestive
of abuse (Cattaneo et al. 2010).
Hansen et al. (2010) reported a sample of 426 girls and 56
boys: 38% and 20%, respectively, had abnormal anogenital
findings; 31% of girls and 52% of boys did not show relevant
findings. Forty-three per cent of all cases were prosecuted in
court, and 87% of all the prosecuted cases reached a conviction
judgment; dropped cases mainly involved 0–3-year-aged
victims. Cases with the presence of abnormal medical findings,
confession and 7–10-year-aged victims were more likely to go
to court. Medicolegal evidence and confession were more likely
to result in a conviction judgment, as also reported by Cross et
al. (1994). Sugue-Castillo (2009) analysed 486 cases of sexual
abuse involving Philippine victims aged between 0 and 17 years:
46.5% of cases remained unresolved, 30% were convicted and
21.8% acquitted. The most cited evidence used in the judgment
was the victims’ oral testimony and medical certificate (both
68.7%).
A study concerning 2068 attempted and completed cases of
rape by Jewkes et al. (2009) reported similar proportions of
convictions (30% in adult cases, 41% in child cases). In children, genital injuries were more often found in cases brought
to trial, whereas in adult cases they were more prevalent in cases
of conviction.
The general scenario emerging from the existing literature
confirms that the clinical examination comprises only a part of
the investigation, but may provide relevant information for the
final sentence, which is strongly orientated towards conviction
in the presence of lesions suggesting abuse. The great importance of anogenital findings in forming the sentence clearly
explains the need to cautiously interpret the significance of
certain types of lesions.
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because of the development and diffusion of web technologies.
Along with this technical progress, child pornography has
increased proportionally, as a consequence of misuse of the
internet.
According to the country and legislation involved, the question usually asked by the judicial authorities to clinical or forensic experts concerns the age of subjects represented in the
images. The critical age threshold is different in different countries, but is usually between 14 and 18 years of age. Specialists
such as the forensic pathologist, paediatrician and forensic
anthropologist are called by judicial authorities to perform an
age estimation. The main limitation in this type of assessment
consists in not being able to perform a real clinical examination:
the age estimation has to be evaluated based on the appearance
of the individuals involved in sexual poses. At the moment
the only methods for an attempted age estimation from twodimensional images (photographs, videos) derives from the
assessment of sexual characteristics (penis and testicle development and pubic hair in males, mammary gland development
and pubic hair in females) according to the Tanner classification, which is a clinical tool for comparing sexual development
with the real age of the patient. However, Tanner himself has
cautioned against the misuse of standard puberty stages to
estimate chronological age, declaring it as ‘wholly illegitimate’
(Rosenbloom and Tanner 1998). This statement is also confirmed by an experimental study performed in Italy and
Germany which verified the great variability and error of an age
evaluation based on sexual characteristics. Eleven images representing pornographic scenes involving adults were shown to
a group of forensic pathologists, paediatricians and gynaecologists: results showed that paediatricians and gynaecologists,
who are used to applying Tanner stages in their clinical practice,
reported the highest percentage of errors, wrongly identifying
the represented subjects as juveniles (Cattaneo et al. 2009).
Sexual development has proved to be too variable (also considering different geographic contexts) and therefore unreliable
for age estimation for forensic purposes. A further limit consists
in the partial evaluation of sexual characteristics based on a
simple observation without inspection and palpation. In addition, pubic hair may be modified or altered in photos, for
example by shaving.
At the moment age estimation in cases of juvenile pornography is still a frontier, where no scientific method is available
and often the results are influenced by the subjective opinion
of the single observer.

36.6 Juvenile pornography

Appendix 36.1 Approach to
interpretation of medical findings in
suspected sexual abuse

Among sexual crimes, juvenile pornography deserves some
mention. There has been a great increase in the production of
paedo-pornographic material in recent years, in particular

This appendix lists medical and laboratory findings involved in
sexual abuse (adapted from Adams 2011). Most children who
are evaluated for suspected sexual abuse will not have any signs
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of injury or infection. The child’s description of what happened
to him or her and the child’s report of specific symptoms in
relationship to the events described is an essential part of the
full medical evaluation.

Findings documented in newborns or
commonly seen in non-abused children
The presence of these findings generally neither confirms nor
discounts a child’s clear disclosure of sexual abuse.

Normal variants
1.
2.
3.
4.
5.
6.

7.
8.
9.

10.
11.
12.

13.
14.

Periurethral or vestibular bands.
Intravaginal ridges or columns.
Hymenal bumps or mounds.
Hymenal tags or septal remnants.
Linea vestibularis (medline avascular area).
Hymenal notch/cleft in the anterior (superior) half of the
hymenal rim (prepubertal girls), on or above the 3 to 9
o’clock line with patient supine.
Shallow/superficial notch or cleft in inferior rim of hymen
below the 3 to 9 o’clock line.
External hymenal ridge.
Congenital variants in appearance of hymen, including
crescentic, anular, redundant, septate cribiform, microperforate, and imperforate.
Diastasis ani (smooth area).
Perianal skin tag.
Hyperpigmentation of the skin of labia minora or perianal tissues in children of colour, such as MexicanAmerican and African-American children.
Dilatation of the urethral opening with application of
labial traction (Fig. 36.20).
‘Thickened hymen’ (may be due to oestrogen effect, folded
edge of hymen, swelling from infection or swelling from

trauma. The latter is difficult to assess unless follow-up
examination is done).

Findings commonly caused by other
medical conditions
15. Erythema (redness) of the genital tissues (may be due to
irritants, infection or dermatitis).
16. Increased vascularity (dilatation of existing blood vessels)
of vestibule and hymen (may be due to local irritants or
normal pattern in the non-oestrogenised state).
17. Labial adhesion (may be due to irritation or rubbing).
18. Vaginal discharge (there are many infectious and noninfectious causes. Cultures must be taken to confirm if
caused by sexually transmitted organisms or other
infections).
19. Friability of the posterior fourchette or commissure (may
be due to irritation, infection or an examiner’s traction on
the labia majora).
20. Anal fissures (usually due to constipation or perianal
irritation).
21. Venous congestion or venous pooling in the perianal
area (usually due to positioning of child. Also seen with
constipation).

Conditions mistaken for abuse*
22. Urethral prolapse.
23. Lichen sclerosus et atrophicus.
24. Vulvar ulceres (may be caused by many types of viral
infections, including Epstein–Barr virus (EBV) and influenza, or by conditions such as Behcet’s disease or Crohn’s
disease).
25. Failure of midline fusion, also called the perineal groove.
26. Rectal prolapse (often caused by infection, such as Shigella
sp.).
27. Complete dilatation of the internal and external anal
sphincters, less than 2 cm in anteroposterior (AP) diameter, revealing the pectinate line.
28. Partial dilatation of the external anal sphincter, with the
internal sphincter closed, causing the appearance of deep
folds in the perianal skin which can be mistaken for signs
of injury.
29. Marked erythema, inflammation and fissuring of the
perianal or vulvar tissues due to infection with group A
β-haemolytic streptococci.

Indeterminate findings: insufficient or
conflicting data from research studies,
or no expert consensus
Figure 36.20 Dilatation of the urethral opening.

These physical and laboratory findings may support a child’s
clear disclosure of sexual abuse, if one is given, but should be
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interpreted with caution if the child gives no disclosure. A
report to child protective services may be indicated in some
cases.
30. Deep notches or clefts in the posterior/inferior rim of
hymen that extend through more than 50% of the width
of the hymen.
31. Deep notches or complete clefts in the hymen at the 3 or
9 o’clock location in adolescent girls.
32. Marked, immediate anal dilatation to an AP diameter of
2 cm or more, in the absence of other predisposing factors
such as chronic constipation, sedation, anaesthesia and
neuromuscular conditions.
33. Genital or anal condloma accuminata in a child, in the
absence of other indicators of abuse. Lesions appearing
for the first time in a child older than 5–8 years may be
more suspicious for sexual transmission.*
34. Herpes type 1 or 2 in the genital or anal area in a child
with no other indicators of sexual abuse. Isolated genital
lesions caused by HSV2 in a child older than 4–5 years
may be more suspicious for sexual transmission.*

Findings diagnostic of trauma and/or
sexual contact
The following findings support a disclosure of sexual abuse, if
one is given, and are highly suggestive of abuse even in the
absence of a disclosure, unless a clear, timely, plausible description of accidental injury is provided by the child and/or caretaker. Photographs or video recordings of these findings should
be reviewed by an expert in sexual abuse evaluation for a second
opinion to assure accurate diagnosis.*

Acute trauma to external genital/anal tissues
35. Acute lacerations or extensive bruising of the labia, penis,
scrotum, perianal tissues or perineum (may be from
unwitnessed accidental trauma or from physical or sexual
abuse).
36. Fresh laceration of the posterior fourchette, not involving
the hymen (must be differentiated from dehisced labial
adhesion or failure of midline fusion (see point 25); posterior fourchette lacerations may also be caused by accidental injury or by consensual sexual intercourse in
adolescents).

Residual (healing) injuries (these rare findings
are difficult to assess unless an acute injury
was previously documented at the
same location)
37. Perianal scar (may be due to other medical conditions
such as Crohn’s disease, accidental injuries or previous
medical procedures).
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38. Scar of posterior fourchette or fossa (pale areas in the
midline may also be due to linea vestibularis or labial
adhesions).

Injuries indicative of blunt force penetrating
trauma (or from abdominal/pelvic compression
injury if such history is given)
39. Extensive bruising on the hymen.
40. Laceration (tear, partial or complete) of the hymen (acute).
41. Perianal lacerations extending deep to the external anal
sphincter (not to be confused with partial failure of
midline fusion).
42. Hymenal transection (healed). An area between 4 and 8
o’clock on the rim of the hymen, where it appears to have
been torn through, to or nearly to the base, so there
appears to be virtually no hymenal tissue remaining at
that location. This finding has also been referred to as a
‘complete cleft’ in sexually active adolescents and young
adult women.
43. Missing segment of hymneal tissue. Area in the posterior
(inferior) half of the hymen, wider than a transection,
with an absence of hymenal tissue extending to the base
of the hymen, which is confirmed using additional positions or methods.

Presence of infection confirms mucosal contact
with infected and infective bodily secretions;
contact most likely to have been sexual
in nature
44. Positive confirmed culture for gonorrhoea, from genital
area, anus or throat, in a child outside the neonatal period.
45. Confirmed diagnosis of syphilis, if perinatal transmission
is ruled out.
46. Trichomonas vaginalis infection in a child older than 1 year
of age, with organisms identified by culture or, in vaginal
secretions, by wet mount examination.
47. Positive cultue from genital or anal tissues for Chlamydia
if child is older than 3 years at time of diagnosis and if
specimen was tested using cell culture or comparable
method approved by the Centers for Diasease Control.
48. Positive serology for HIV if perinatal transmission, transmission from blood products and needle contamination
have been ruled out.

Diagnostic of sexual contact
49. Pregnancy.
50. Sperm identified in specimens taken directly from a child’s
body.
* Changed from the version published in 2007. Adapted from Adams et al.
(2007, pp. 163–72).
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Appendix 36.2 Reminder checklist
• Create comfortable conditions for examining the victim.
• Do not force the victim to give information concerning the
aggression unless he or she wants to.

• Collect information concerning the actual health conditions
and symptoms.

• Collect and preserve clothing of the victims for genetic and
other lab analyses.

• Anal examination: verify the presence of lesions, scars, etc.
•
•
•
•
•

•
•
•
•
•
•

Examine the anus always first and in the lateral position
especially in children.
Take photographs of the anal region and evidence by the use
of a colposcope or macro photography.
Genital examination: verify the presence of lesions, scars, etc.
in different positions (frog-legged and knee–chest positions)
both with separation and traction of the labia.
In children and adolescent females describe the hymenal
morphology.
Take photographs of the genital area.
During the visit evaluate the opportunity of sampling from
the anal and genital area for genetic analysis, microbiological
tests, search for spermatozoa, according to specific history
and anatomical findings.
Body examination: verify the presence of traumatic lesions
(bruises, ecchymoses, etc.) or pre-existing scars; always look
also for signs of physical maltreatment.
Accurately photograph each lesion with a metrical
reference.
If the case suggests it, take blood and urine samples for
toxicological tests as well as a control sample of hair after 1
month.
Give a report of the examination, and reassure the accompanying persons and the child about the health conditions.
Plan with the gynaecologist a program of prophylaxis for the
main sexually transmitted diseases if the history and anatomical findings requires.
Evaluate if the given history and the anatomical findings
require a report to the judicial authorities, according to the
local laws.
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Non-Sexual Abuse
in Children

Robert A. Minns, Burkhard Madea and
Gerhard Kernbach-Wighton

37.1 Non-accidental head injury
in children
Robert A. Minns

37.1.1 Historical aspects of child abuse,
definitions and incidence
Ambroise Auguste Tardieu (1818–1879) provided the first
description of ‘child abuse’ in the modern medical literature
when he reported 32 cases of cruelty to children, where in 21
cases, the perpetrators were the parents, often very young, and
the crimes often resulted in death (Tardieu 1860). With specific
reference to abusive head injury to children, John Caffey (1895–
1978) described six infants in 1946 with multiple fractures in
the long bones, who additionally had chronic subdural haematoma and no history of injury (Caffey 1946). He recommended that unexplained fractures of the long bones warranted
investigations for subdural haematoma (SDH). Ommaya et al.
(1968) concluded from an experimental study that high speed
rotational displacement of the head on the neck, without direct
impact, produced cerebral concussion and haemorrhages over
the surface of the brain and spinal cord and suggested angular
accelerations of 6000–7000 radians/s2 were required to induce
concussion and brain injury in man. Ommaya and Yarnell
(1969) then described two patients with SDH caused by whiplash injury alone. They derived the approximate level of rotational acceleration as 1636 radians/s2 and considered that this
level for the subdural was close to the level for inducing concus-
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sion. Guthkelch (1971) reported two infants with SDH, without
external marks of injury on the head, and extrapolating
from Ommaya’s work suggested that acceleration/deceleration
(rather than direct violence) was the cause of the haemorrhage.
He was the first to suggest that babies may be injured by shaking,
causing SDH. Caffey (1972) described 27 infants with SDH and
metaphyseal avulsions thought to have occurred from being
shaken. The cases were frequently associated with bilateral
retinal haemorrhage (RH). He postulated shearing injuries and
defined the term ‘whiplash shaken baby syndrome’ as SDH (and
subarachnoid haemorrhage (SAH)), RH and traction-type
metaphyseal fractures, and usually no signs of head or face
external injury or skull fracture.
Clinicians sometimes referred to the shaken baby syndrome
(SBS) triad, originally meaning: (i) SDH ± SAH; (ii) RH; and
(iii) no external evidence of head trauma. This gradually
evolved to: (i) SDH (± SAH); (ii) RH; and (iii) encephalopathy
(or hypoxic ischaemic encephalopathy or cerebral oedema or
brain damage). But most authors now refer to the SBS ‘triad’
as: (i) SDH ± SAH; (ii) RH; (iii) ‘acute encephalopathy’; and
(iv) no additional signs of contact to the skull or brain (Harding
et al. 2004; Richards et al. 2006).
The term ‘shaken baby syndrome’ has been frequently used
as a generic term for non-accidental (inflicted or abusive) head
injury. The preferred terms are non-accidental head injury
(NAHI), abusive head trauma or inflicted head injury, which
refer to an inflicted traumatic brain injury (traumatic encephalopathy), usually by an adult, to infants and young children,
sustained as a result of a deliberate impact (acceleration or
deceleration), head compression, penetrating head injury,
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repetitive rotational injury (shaken baby syndrome), rotation
and impact (shaken impact syndrome) or whiplash (cervicomedullary syndrome). Any one mechanism or combination
of mechanisms may be present in the individual child. NAHI
(or abusive head trauma) is therefore not a single entity but
includes other mechanisms of injury as well as shaking.
NAHI is a leading cause of head injury among infants and
young children (AAP Committee on Child Abuse and Neglect
2001). SBS seldom occurs in isolation and usually occurs in the
context of repeated abuse, tending to escalate over time and
becoming increasingly violent.
The annual incidence of NAHI in infants in Scotland was
24.6 per 100 000 (95% confidence interval (CI) 14.9–38.5)
(Barlow and Minns 2000). The median age at acute admission
was 2.2 months (range 4 weeks to 8.8 months). A more localised
study of incidence of NAHI in southeast Scotland showed a
mean incidence of 33.8 per 100 000 infants per year (Minns
et al. 2008).
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(Barr et al. 2006). Other child/carer ‘triggers’ include excessive
coughing, toileting problems, sleep deprivation of the carer or
jealousy of the child. Environmental ‘triggers’ for child abuse
(and NAHI) include social strife, hurricanes and natural disasters, and periods of economic recession (Curtis et al. 2000;
Keenan et al. 2004; Berger et al. 2011).
There is a relatively high frequency of children with prior
developmental problems in cohorts of abused and neglected
children, and Diamond and Jaudes (1983) found that 20% of
children with cerebral palsy had been subjected to child abuse,
in half of whom the abuse was causal of the cerebral palsy.
Spencer et al. (2005) have reported that children with cerebral
palsy appear to be at increased risk of ‘registration for physical
and child abuse and neglect’. Birth trauma and prematurity are
considered later in this section.

Social pathology and risk factors
Socioeconomic risk factors

37.1.2 Making a diagnosis of
non-accidental head injury
History at presentation
Factors in the history suggestive of abusive head trauma include
the child being very young, with an age typically in the first 6
months of life (mean age of 4.6 months; range 7 days to 58
months) and marginally more boys than girls being involved
(56%) (King et al. 2003).
The history is given by a parent or guardian at the time of
presentation of a potential traumatic event in about 26% of
cases, leading the clinician to consider the possibility of a traumatic aetiology. A history of a ‘short fall’ was obtained in 13%
of cases. With respect to obtaining a history of trauma, the
clinician should record not only that no history of trauma was
obtained, but also that a history of no trauma was forthcoming
on questioning. No explanation was offered by caregivers in
about 23% of cases. An inappropriate history, given the severity
of the clinical presentation, was obtained in 44% of cases, which
included many improbable explanations; half of these caregivers serially offered multiple possible explanations (Minns and
Brown 2005). Inconsistency in the history of the preceding
events (to different hospital staff) points to suspicion of a nonaccidental event as does delay in seeking medical assistance. A
history of previous maltreatment indicates that shaking is often
not an isolated event; 71% have evidence of prior abuse, neglect
or both (Alexander et al. 1990).
An ex-premature baby may be ‘difficult’, may not bond easily
and resists cuddling, and may be irritable and cry constantly.
Inconsolable crying is the most important ‘trigger’ for an infant
to be shaken or subjected to trauma. While all infants cry (when
hungry, thirsty, tired or in pain), crying is at a peak at about 6
weeks of age, and SBS is most frequently diagnosed at 10–13
weeks, although presenting from 2 weeks up to 36 weeks of age

In Scotland, children who present with suspected NAHI originate predominantly from the most deprived areas of the community. There are highly significant differences (P < 0.001)
between the Scottish Index of Multiple Deprivation (SIMD)
rank scores of NAHI cases and scores for the whole Scottish
population. For the cohort, SIMD ranks range from 34 to 6253
(median 1210, mean 1577) compared to the population range
of 1 to 6505 (median and mean 3253). Similar differences are
found for each of the component domains of income, employment, health, education, crime and housing (P < 0.001). In
contrast, the scores for ‘geographic access (to essential service)’
are higher than for the whole population (P < 0.001), indicating
that the deprivation is not due to a lack of local services (Minns
et al. 2008; Mok et al. 2010) (Fig. 37.1). Risk factors may have
a locality bias and it is important to assess those pertaining to
a particular region or even country, where the perpetrator
profile and circumstances may be different.

Parental and child risk factors
Table 37.1 summarises risk factors determined from prospective literature studies, and this includes parental risk factors such
as alcohol or drug abuse, previous social service intervention
with the family or a past history of child abuse and neglect
(Goldstein et al. 1991, 1993). Mothers are also younger and have
received less years of education, while fathers are more often
absent or in active military service (Keenan et al. 2003). Child
risk factors include male gender, younger age, products of multiple births, first borns and those of non-European American
descent (Keenan et al. 2003).
Table 37.2 shows a number of other risk factors for NAHI
determined from retrospective studies.
In summary, perpetrators are stressed carers (from biological, social, environmental or financial stress which increases the
risk of impulsive and violent behaviour especially if there is
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Figure 37.1 Scottish Index of Multiple Deprivation (SIMD) rank scores in quintiles for 100 non-accidental head injury cases, as well as
the component subdomains of income, employment, education, health, crime, geographic access to services, housing and overall SIMD.

Table 37.1 Prospective studies of the risk factors for non-accidental head injury (NAHI).
Reference

Risk factor for NAHI

Statistic

Goldstein et al.
1991, 1993

Combinations of inconsistent history/physical exam, retinal haemorrhages
and one of three parental risk factors (alcohol or drug abuse, previous
social service intervention in the family, past history of child abuse of
neglect) were significantly different for inflicted vs accidental head injury

All three combinations
P < 0.001

Keenan et al. 2003

Young mothers ≤21 years
Non-European Americans (incidence rate ITBI vs population)
Product of multiple births: ITBI vs population
Infants with ITBI (incidence rate)

P < 0.001
OR 10.0 (range 5.3–18.7)
OR 5.0 (range 1.2–21.5)
Age <1 year, 29.7
(CI 22.9–36.7)
Age >1 year, 3.8 (CI 1.3–6.4)
21 vs 13
OR 3.6 (C.I >0.9–20.8)

Boys > girls (incidence rate)
Parent in the military (ITBI vs TBI)
Hobbs et al. 2005

SDH/E from NAHI from lower socioeconomic group than those with SDH/E
from other causes, using a Townsend score

P = 0.007

Mok et al. 2010

Mothers younger, 22.8 years ± 6.0 vs 28.8 years
Twin births in NAHI, 8%, compared with prevalence of twins in the general
population of Scotland, 1.56%
Scottish Index of Multiple Deprivation showed significant deprivation,
overall, and in the component domains of income, employment, health,
education, crime and housing

P < 0.001
P < 0.05
P < 0.001

CI, confidence interval; OR, odds ratio; ITBI, inflicted traumatic brain injury; SDH/E, subdural haematoma/effusion; TBI, traumatic brain injury.
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Table 37.2 Retrospective studies of the risk factors for non-accidental head injury (NAHI).
Reference

Risk factor for NAHI

Statistic

Milner et al. 1984

High child abuse potential inventory score (seven descriptive
factors of abusive individuals) and later abuse

P < 0.001

Gessner & Runyan 1995

Children of military family higher risk for ITBI

RR 3.45 (95%CI 1.44–8.27)

DiScala et al. 2000

Prematurity 2.2% vs 0.3% (child abuse vs unintentional injury)
Antecedent medical problems (child abuse 6.33 vs unintentional
injuries 1.00)

P < 0.001
CI 5.67–7.07

Rubin et al. 2003

Median age of child with head injury 2.5 months compared with
5.1 months for non-head injury

P = 0.02

Ettaro et al. 2004

AHT vs non-AHT: abused more likely to be less than 1 year old

OR 9.8 (CI 5.0–19.2)

Covered by Medicaid (vs commercial)

OR 2.8 (CI 1.7–4.8)

Parents likely to be younger, less educated and unmarried
Parents African American, fathers Hispanic
Mothers smoked in pregnancy, sought prenatal care later and
delivered low birth weight baby

P < 0.001
P < 0.001
P < 0.001

Kesler et al. 2008

AHT, abusive head trauma; CI, confidence interval; ITBI, inflicted traumatic brain injury; OR, odds ratio; RR, relative risk.

additional substance abuse or other domestic violence). Perpetrators are most often young males (fathers or non-biological
fathers) of low socioeconomic status, followed by female carers
or babysitters and lastly the child’s mother.

Clinical examination and investigations
There is a spectrum of symptoms and signs ranging from the
less severe presentation with non-specific symptoms of lethargy
and irritability to the severe presentation with acute encephalopathy, apnoea and shock. In general, the symptoms of collapse, etc. follow on from the injury without delay. The frequency
of symptoms at presentation of children later confirmed as
having NAHI is seen in Table 37.3 (Minns et al. 2005). The
severity of symptoms is unrelated to the size or number of
SDHs but is likely related to the degree of brain swelling and
hypoxic ischaemic injury.
The following clinical findings may be found in different
types of abusive head injury.

Encephalopathy
In acute encephalopathy (fits, coma, decerebration and loss of
homeostasis) there is a depressed conscious state with unresponsiveness, floppiness and reduced movements; this is a
common finding in children presenting with abusive head
trauma. Although most clinicians consider encephalopathy
equates with a reduced conscious state (Table 37.4) it should
be remembered that other symptoms/signs of encephalopathy
include seizures, decerebration and homeostatic derangements.
The typical infant is irritable and resents handling, and any

Table 37.3 Symptoms reported to personnel at the primary or
secondary hospital of presentation from 106 cases of
non-accidental head injury (with definite and probable
surety) with the child under the age of 1 year, from a
Scottish database.
Symptom

Recorded at
presentation (%)

Generally unwell/non-specific

61

Palor

55

Epileptic seizures: generalised tonic
clonic or focal

52

Irritability

45

Respiratory: apnoea, cough or
breathing difficulties

44
(apnoea 30%)

Vomiting

41

‘Off feeds’

38

Limp/floppy

37

Decreased conscious state:
more sleepy/drowsy

34

coma

30

Other abnormal movements

28

Lethargy

27

Extensor posturing/ rigidity

22

Increased head circumference

21

Other symptoms

7

Cardiorespiratory arrest

5
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Table 37.4 Modification of the Glasgow Coma Score for children
aged under 5 years (BPNA 2001).

(subdural, subarachnoid, intraparenchymal), subgaleal, skin,
extradurals, fracture sites, retinal haemorrhages, peritoneal
cavity, etc., together with reduced red blood cell survival and
impaired erythropoiesis.

Eye opening

Best verbal
response <5 years

1 = None

1 = None

1 = No response to
supraocular pain

Hypovolaemic shock

2 = To pain

2 = Occasional
whimpers/moans

2 = Extension to
supraocular pain

3 = To sound

3 = Cries
inappropriately

3 = Abnormal flexion
to supraocular pain

4 = Spontaneous

4 = Less than
usual ability,
spontaneous
irritable cry

4 = Withdraws to
pain

5 = Alert, babbles,
coos, words to
usual ability

5 = Localises to pain
(>9 months old)

Hypovolaemic shock may occur, with additional central
vasoparalytic shock, with marked loss of vasomotor tone, tachycardia and an expanded vascular volume rather than a low
circulating blood volume. Such young infants produce a tachycardia before the blood pressure falls. Failure of the peripheral
circulation (in more than a third of cases) causes cold extremities, decreased capillary return and low blood pressure, all of
which may interfere with cerebral perfusion pressure. Although
they feel cold due to the shock, core hypothermia is rarely
present.

Best motor response

6 = Normal
spontaneous
movement/obeys
commands

sudden quietening may indicate a deterioration in the clinical
state; the child refuses to feed and may vomit.
The child may present with a recurrent encephalopathy
from repeated poisoning, suffocation (fits, apnoeic attacks,
cyanotic attacks, rigidity, coma), or repeated shaking (Rogers
et al. 1976). A metabolic or relapsing encephalitic cause requires
exclusion.

Epileptic seizures
Seizures with decerebrate posturing may be due to the tonic
phase of an epileptic fit, hypoxic rigidity or raised intracranial
pressure. Following admission, about two-thirds of cases
develop epileptic seizures which are often severe and drug
resistant and reach a maximum at 24–48 hours, thereafter
decreasing and ceasing by the 5th day. There are many more
electrical discharges on electroencephalograph (EEG) than witnessed clinically. On each occasion epileptic seizures cause an
increase in intracranial pressure. Given the relatively low proclivity to fit in normal children at this age, these frequent epileptic fits suggest a diffuse cortical insult which is either primary
or secondary. Epileptic fits are therefore an epi-phenomena
reflecting extensive brain injury.

Pallor with severe anaemia
Pallor with severe anaemia is a common occurrence with
trauma and is sometimes seen following birth trauma and
during rapid growth. It may be due to haemodilution following
acute blood loss from numerous sites, including intracranial

Apnoea
Apnoea or hypoventilation is a known accompaniment of head
injury and SDH, and is associated with evidence of generalised
brain swelling, which is an early indicator of hypoxic brain
damage (Eisenberg et al. 1990; Aldrich et al. 1992; Kemp et al.
2003). The apnoea/hypoventilation may be responsible for the
diffuse hypoxic brain damage (especially where there is delay
in accessing treatment) or, when occurring with SDH, it is one
of a number of stresses (hypotension, seizures, hypercarbia,
etc.) which in combination exceed the ability of the immature
brain to compensate. This results in diffuse decompensation
and an imaging pattern of the bilateral or unilateral ‘big black
brain’. A comparative study of three cases series, with 75 infants
and children under 2 years old, found the incidence of apnoea
varied from 57% to 77%, although half of these were fatal cases.
From our database, apnoea and breathing difficulty was a presentation in 44% of cases (30% apnoeic). A cardiorespiratory
arrest occurred in 3–5% in the accident and emergency department, but cardiopulmonary (or mouth-to-mouth) resuscitation was attempted prior to arrival at hospital in twice as many.
Almost half of the children presenting with NAHI require
assisted ventilation.

Raised intracranial pressure
There is clinical evidence of this with an increased head circumference, tense non-pulsatile anterior fontanelle and distended
scalp veins in 22%. Only 3% show pupillary abnormalities.
Measured raised intracranial pressure shows an average mean
opening pressure of 31 mmHg and this raised intracranial pressure, together with systemic hypotension in some cases, further
reduces cerebral perfusion pressure and increases the risk of
secondary ischaemic brain damage. Low cerebral perfusion
pressure correlates with long-term disability (Barlow and
Minns 1999). Shock, anaemia and hypotension are more
common presentations than hypertension.
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A rapidly expanding head circumference may be one type of
presentation with signs and symptoms attendant on that –
vomiting, failure to thrive, hypotonicity and mild developmental delay.

Cutaneous (skin) trauma
Bruising at presentation is seen in some NAHI cases, most
frequently in the scalp, face and other head and neck areas; 29%
of NAHI cases have scalp bruising and 38% have facial bruising
(Ghahreman et al. 2005). Abrasions and lacerations are present
in 19%, again most frequently in the head and neck. Bruises
cannot be aged by inspection, and even multiple bruises of different colours do not necessarily imply the injuries were
acquired at different times. Randeberg et al. (2006) has described
age determination of traumatic injuries by reflectance spectroscopy, which detects the wavelengths of biliverdin, bilirubin and
methaemoglobin. The authors consider this to have potential
in the optical diagnosis of bruises. Petechiae with bruising is
strongly associated with abuse (Nayak et al. 2006). Other skin
findings include bruising and oedema of the skull, periorbital
bruising, and Battle’s sign (bruising over the mastoid), which
indicates a fracture of the base of the skull and an impact injury,
although absence of these does not preclude impact.
Examination of the skin elsewhere is also particularly important because patterns of bruises (e.g. buckles, fingers) must be
documented graphically on a body map with measured dimensions, and odd bruising shapes noted along with any given
explanation. The bruises are photographed with a reference
measure. They may, along with haematomas and fractures, etc.,
point to a chain of events and help in ascribing a mechanism
of injury. Hair pulling can result in hypovolaemic shock from
subaponeurotic bleeding tracking down to give ‘black eyes’. At
the chest, thumb marks may be seen at the side of the nipples.
On the abdomen, finger-shaped bruising might also point to
deeper retroperitoneal or bowel bruises. There may be thumb
or finger bruise marks around the shoulders indicative of how
the child was grasped. Bruising around the mouth suggests
possible attempted suffocation, but a torn labial frenum may
result from accidental or non-accidental causes.

Subdural haemorrhage and brain injuries
Subdural haemorrhage is the hallmark of non-accidental
shaking injury in the first year of life. Shearing forces result in
subdural haemorrhages, interhemispheric subdural haemorrhages and subarachnoid haemorrhages without skull fracture.
Eighty-nine per cent suffer a SDH, with an added subarachnoid
haemorrhage in 19%. Frequency of SDHs in one large Canadian NAHI series was 86% (King et al. 2003). The SDH is
bilateral in approximately 78% of cases and a unilateral SDH
occurs in 14% of confirmed cases in our series. The SDH
usually occurs over the surface convexity of the hemispheres,
and in the interhemispheric fissure, but it may be seen in
the subtemporal and less often in the suboccipital and/or pos-
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terior fossa. Posterior fossa haematomas may be secondary to
supratentorial subdural blood tracking through the tentorial
hiatus into the posterior fossa, or from rupture of the numerous
infratentorial bridging veins, although they may not be sheared
in the same way as convexity veins. It is less likely that they
result from increased venous pressure from elevated thoracic
pressure or impaired venous return. Intraparenchymal haemorrhages are noted in 10%, while extradural and intraventricular haemorrhages occur in 3%. Fewer than 5% of NAHI cases
have no reported haemorrhages. Focal or generalised reductions in grey–white differentiation are probably related to
hypoxic ischaemia brain effects.
Chronic bilateral SDHs, subgaleal haemorrhages and cortical tears may also be found in NAHI. Isolated cortical tears can
result from instrument-assisted birth. SDHs are not a common
occurrence in accidental head injury in children, and occur in
only about 4.3% of cases (Kravitz et al. 1969; Guthkelch 1971;
Choux et al. 1986). Focal accidental trauma does, however,
cause damage to veins, causing SDHs which are often focal
(along with skull fractures and parenchymal injury) although
they may be more widespread.
Imaging and subdurals A crescentic subdural haematoma is
more easily missed than the biconvex disc of an extradural
haemorrhage, and in the early acute stage it may not appear as
more than a thin crescentic density on computed tomography
(CT). As it breaks down by fibrinolysis, water is drawn in to
form an effusion with marked expansion, so that after 7 days it
may be considerably larger and it may be accompanied by
marked ventriculomegaly.
Barlow et al. (1999) documented the frequency of observations on magnetic resonance imaging (MRI) scans in acute
non-accidental head injury, which range from SDHs in different sites, brain contusions, lacerations, and petecheal haemorrhages at the grey–white matter junction, and in the corpus
callosum, local asphyxial insult, oedema, intraventricular
haemorrhage and subarachnoid haemorrhage. Figure 37.2
shows an example of sequential MRI scanning after an initial
presentation with NAHI.
Biousse et al. (2002) showed that all confirmed SBS cases
had abnormal diffusion-weighted MRI scans that confirm
diffuse or posterior cerebral ischaemia in addition to the SDHs.
Tears are sometimes seen, especially between the grey and
white matter junction. They result from differential accelerations across tissues of slightly different density. They may be
seen on MRI scans and evolve into a scar with attendant atrophy
or leave a residual cyst.
Ageing of subdurals To arrive at a time frame of injury, which
is frequently asked for in court, an attempt to age the SDH (and
hence the primary injury of ruptured bridging vein) is made
on the brain imaging.
SDHs have conventionally been referred to as acute, subacute and chronic, and from early generation CT scanners
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(a)

(b)

(d)

(c)

(e)

Figure 37.2 Sequential magnetic resonance imaging scans from a 10-week-old infant who presented with vomiting and a reduced
conscious level. (a) Three days after presentation: a T2 axial scan showing two areas of high signal within widened subdural spaces and
an ill-defined area of high intensity over the left convexity. (b, c) Nine days after presentation: a FLAIR coronal (b) and T1 sagittal (c)
showing a subcortical tear in the left anterior parietal convexity region (sagittal image) of high intensity in keeping with haemorrhage.
Widened subdural spaces (particularly in the frontal region) and a small persistent high signal of a posterior fossa subdural are seen.
There is a prominence of the sulci and ventricles indicative of atrophy or hydrocephalus. (d) Three weeks after presentation: a FLAIR
coronal image showing the subdural haemorrhages are of slightly higher intensity than the clear low intensity subarachnoid space. The
subcortical tear is of low intensity. (e) Thirteen months after presentation: on the T2 axial scan no focal abnormalities are seen. The
subdural spaces are normal and the ventricles dilated. The subcortical tear is not visible except for a subtle area of white matter
atrophy with surrounding gliosis.

approximate timings of the changing subdural blood appearances were considered to be: (i) in the acute phase, blood is
hyperdense for 7–10 days from the injury; (ii) in the subacute
phase, blood is isodense between 7 and 10 days after the injury;
and (iii) in the chronic phase, blood is hypodense from 2–3
weeks onwards (Jaspan 2008). There is difficulty in ageing subdural blood because the subdural collection may contain blood
of different ages, but also may include serum, proteinaceous
exudates or cerebrospinal fluid (CSF). Mixed density SDHs on
CT scanning do not, therefore, necessarily mean blood of different ages. The appearances of a SDH in the acute setting can
range from homogenous hyper-, hypo- or mixed density, in
patterns which may be laminated, layered or sedimented. Low
or mixed density subdural collections may develop within the
first 24 hours after head injury (Wells et al. 2002; Vinchon et al.
2003, 2004; Wells and Sty 2003; Zouros et al. 2004). The acute
low density fluid in isolation or in association with acute SDH
may be because actively bleeding unclotted blood (hypodense)
is mixing with clotted hyperdense blood, or because there is

(hypodense) supernatant serum above or within the clotted
blood, or because of a low haematocrit or coagulopathy, or
because of additional mixing with CSF due to a tear in the
arachnoid (Jaspan 2008). Recent studies suggest that homogeneous hyperdense SDH is significantly associated with accidental head injury, whereas mixed density SDH occurs more
commonly in NAHI (Tung et al. 2006).
MRI scans have been considered unreliable in respect to
ageing SDHs, although intercept/rate constants over lengthy
periods do show gross trends in depth and intensity of subdurals. The six stages recognised on T1- and T2-weighted imaging
techniques, with respective intensity levels (Barnes and Krasnokutsky 2007), have been described as:
1. Hyperacute (<24 hours): iso-low/high intensity.
2. Acute (1–3 days): iso-low/low intensity.
3. Early subacute (3–7 days): high/low intensity.
4. Late subacute (1–2 weeks): high/high intensity.
5. Early chronic (greater than 2 weeks): high/high intensity.
6. Late chronic: iso-low/low intensity.
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Features that support a combination of acute and older SDHs
include: (i) dural membranes within a collection (best seen on
MRI); (ii) large low density collections, with an expanded subarachnoid space; and (iii) a history of a slowly increasing head
circumference.
In summary, ageing of SDHs is inexact. On CT scans, acute
SDHs show high attenuation (assuming blood is clotted, there
is no anaemia and there is no arachnoid tear that has allowed
CSF dilution). If it is a severe injury with CSF dilution, SDH
may show low attenuation. Changes in attenuation will depend
on the patient’s haemoglobin and SDH volume.

fibre layer and intraretinal layers, respectively. Retinal haemorrhages accompany accidental head injury and various medical
encephalopathies such as meningococcal meningitis, leukaemia, etc. Retinal haemorrhages occur in 12.2% of accidental
traumatic brain injury (TBI) children and they tend to be more
central in distribution with significantly fewer intraretinal
haemorrhages than in NAHI. The mean numbers of retinal
haemorrhages to be expected in an individual accidental TBI
patient are 4.3, 4.0 and 1.5 in the peripapillary, macular and
peripheral retina (see layers below), respectively (Minns et al.
2012). Retinal injury, such as retinoschisis and macular folds,
are an indication of severe trauma and are seen not infrequently
in NAHI (Fig. 37.3).
Retinal haemorrhages are seen in all retinal areas and for
consistency in reporting their location, a standardised retinal
zone grid has been described with three zones (i) a peripapillary
(discal) zone; (ii) a posterior pole (macula); and (iii) a peripheral zone (Fleck et al. 2010). The peripapillary zone is defined
as a circle which has a diameter three times that of the optic
disc and is centered on the centre of the optic disc. This zone
therefore includes the optic disc and an area one disc diameter
around the disc. The posterior pole (macula) is an area outside
the peripapillary zone and within a circle with a radius of
four times the optic disc diameter and the centre is on a line
bisecting the retinal arcades, at a point so that the nasal edge of
this circle is tangential to the peripapillary circle. This circle is
centered approximately on the fovea. The peripheral zone is the
remainder of the retina and includes the midperiphery and the
ora serrata.

Retinal haemorrhages and injury
Retinal haemorrhages are a frequent accompaniment of NAHI
and occur in approximately 86% of cases. They result from
shearing forces that tear the vitreous attachments from the
retina (vitreous traction). They have generally been considered
diagnostic of NAHI when they are too numerous to count, are
multilayered and extend to the ora serata. As recently reported,
the average number of retinal haemorrhages in the individual
patient with NAHI (excluding those cases where they were too
numerous to count) in the different retinal zones are 14 (0–33),
27.5 (0.5–105) and 31.3 (0–150) in the peripapillary, macula
and peripheral zones, respectively (see zones below), and the
average number of different types of retinal haemorrhages (i.e.
in different retinal layers) are 0.11 (0–1), 2.47 (0–7.5), 13.91
(0–66.5) and 94.97 (2–444) in the vitreous, pre-retinal, nerve
D2

D3

D6

D8

D 10

D 17

Figure 37.3 Six sequential RetCam images of the left retina from day (D) 2 to 17 in a 5-week-old infant who presented unresponsive
and floppy. There were bilateral subdural haemorrhages, bilateral retinal haemorrhages and no cutaneous bruising. Numerous
retinal haemorrhages throughout the retina were predominantly in the intraretinal and nerve fibre layers. They had resolved by day
17 after admission.
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Similarly, for uniformity in reporting retinal haemorrhages,
a suggested clarification and description of retinal haemorrhages is given in Mulvihill et al. (2011):
1. Vitreous haemorrhages are mostly large and diffuse and
may totally obscure the view of the fundus.
2. Pre-retinal haemorrhages appear as a large ‘sac of blood’,
dark red in colour (especially if viewed early after the
injury). There may be different densities within the collection, ‘geographic’ shapes, and there may be a fluid level.
3. Nerve fibre layer haemorrhages: (i) ‘flame haemorrhages’
are usually pink and are at the same retinal level as the
blood vessels, they radiate (following the nerve fibres) and
are usually small; and (ii) a more ‘diffuse’ nerve fibre layer
haemorrhage which is large and pale pink in ‘map-like’
shapes.
4. Intraretinal haemorrhages include: (i) ‘dot/blot’ haemorrhages which are deep to the retinal blood vessels, and are
mostly discrete and circular; and (ii) ‘subretinal’ haemorrhages are also deep to the retinal blood vessels and are
darker in colour.
Retinal haemorrhages in different retinal layers resolve at
different rates. Pre-retinal haemorrhages last the longest
(greater than 28 days), ‘flame’ haemorrhages resolve on average
after 4 days and ‘dot/blot’ haemorrhages resolve by approximately day 8. Vitreous haemorrhages and detachment may last
considerably longer.
Retinal haemorrhages may be secondary to raised intracranial pressure although in NAHI they are usually primary injuries. The retinal haemorrhages are thought to be more marked
on the side of the intracranial injury.
Visual deficits consequent on NAHI are mostly a result of
cortical visual damage (striate cortex) but anterior injuries such
as optic nerve avulsions, retinal detachments, etc. will result in
additional long-term visual sequelae.

Skull, limb and rib fractures
Features of skull X-rays that suggest NAHI include skull fractures that are stellate, that cross suture lines, branch, are multiple, bilateral, wider than 5 mm at presentation, and result in
a ‘growing skull fracture’. The most common skull fracture from
either accidental or non-accidental causes remains a linear fracture (Worlock et al. 1986; Leventhal 1993; Reece and Sege
2000). As skull fractures do not heal by callus formation they
can only be broadly dated. If the edges are round and smooth
they are more than 2 weeks old. They normally heal in 2–3
months and are not visible on X-ray at 6 months.
Limb fractures include metaphyseal fractures, such as
‘corner’ and ‘bucket handle’ fractures, which are a result of
twisting movements on the limbs. Spiral fractures and cortical
hyperostosis are indicative of rotational forces applied to a limb.
Rib fractures are mostly posterior and are a result of compression of the rib cage by grasping of the infant around the
chest. They are best viewed with oblique radiological views of

Table 37.5 The main features of non-accidental skeletal injury
(NASI).
Typical fractures in NAHI
Metaphyseal fractures
(bucket handle and corner
fractures). Have also been
seen following birth,
physiotherapy and after
orthopaedic manipulations
Humeral fractures
(non-supracondylar)
Rib fractures
Multiple metacarpal fractures
Unusual fractures (scapula,
sternum, bilateral clavicle,
occasional vertebral
fractures)

Occasional radiological
features
Multiple fracture sites
Fractures of different ages
(healing sequence:
subperiosteal new bone,
diminishing fracture line,
soft and hard callus and
remodelling)
Radiolucent metaphyseal lines
Spiral fractures in a
non-mobile child
Exuberant callus (nonimmobilised fracture or
re-fracture)

the chest. The infant may also be grasped around the shoulders,
throat or in other ways.
The main features of non-accidental skeletal injury are
shown in Table 37.5, although no fracture on its own can
confirm an accidental from a non accidental cause.

Evidence of malicious injury
Certain injuries such as hand fractures, cigarette burns (Fig.
37.4), scissor cuts and bite marks are all indicative of malicious
intent and could not have occurred by accidental means. Multiple bruising at multiple body sites with distinctive patterns
and with concurrent fresh and old bruising, fractures of different ages, and recurrent admissions with serious injury can likewise indicate mal-intent. Scalds resulting from immersion in
hot water affecting the buttocks, pelvis and lower limbs with a
clearly defined upper border (Maguire et al. 2008) can be
another type of malicious intentional injury. Abusive bites
require forensic odontologists to both measure the intercanine
distance (3–4.5 cm in an adult human) and collect any salivary
DNA.

Diagnosis of non-accidental head injury and
shaken baby syndrome
Typical features and presentations
The classic triad of SDH, brain swelling/acute encephalopathy
and retinal haemorrhages are accompanied in some but not all
cases by bruising of the part of the body used as a ‘handle’ for
shaking, fractures of the long bones and/or of the ribs and
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Figure 37.4 Cigarette burns to the toes and the sole of a foot of
a child presenting with abusive head trauma, indicative of
malicious intent.

damage to the spinal cord and neck. However, there may be no
external evidence of trauma either to the head or the body
(Reece 2002). The extent of these clinical features will be determined by the degree of force and the mechanisms of injuring.

Neurological classification of shaking injuries
The temporal classification of neurological presentations of
shaking injury (Minns and Busuttil 2004) include the
following.
1. Hyperacute cervicomedullary syndrome is a whiplash-type
shaking injury resulting from severe flexion/extension of
the neck with the whiplash mechanism probably of limited
excursions but severe in force. The occiput may touch the
posterior spine and the chin touches the anterior chest wall.
The effect is localised axonal damage, which has been
described at the craniocervical junction, in the corticospinal tracts of the lower brainstem and in the cervical cord
roots (Geddes et al. 2001b). It is also possible to traumatically thrombose the vertebral arteries as they wind through
the foramina of the cervical vertebrae. These infants do not
survive more than a day because they present with apnoea
and acute respiratory failure which gives rise to secondary
severe hypoxic ischaemic brain injury with cerebral oedema.
In these cases, the SDHs are thin on imaging and at autopsy.
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2. Acute encephalopathic presentation is characterised by acute
encephalopathy (fits, coma, decerebration, homeostatic
derangements) with bilateral SDH and widespread haemorrhagic retinopathy. There may be rib or metaphyseal
fractures or cutaneous evidence of NAHI. This is the commonest and classic type of SBS seen by paediatricians in
hospital. If there are signs of ‘impact’ (see below) it may be
referred to as ‘shaken impact syndrome’. Many of the
signs described above are seen in this type of presentation
such as anaemia, hypovolaemic and vasoparalytic shock,
decreased conscious state, floppiness, apnoea and cardiorespiratory arrest. Decerebrate episodes may result from
the tonic phase of an epileptic fit, hypoxic rigidity or raised
intracranial pressure. Two-thirds of these children develop
epileptic fits, most commonly between 24 and 48 hours
after admission, and they are often drug resistant. The clinical features of raised intracranial pressure (ICP) include
an increased occipitofrontal head circumference (OFC), a
tense (and non-pulsatile) fontanelle and dilated scalp veins.
Cerebral oedema is seen on brain imaging in 23%. The ICP
is elevated in two-thirds and cerebral perfusion pressure
(CPP) is low, requiring treatment to prevent further secondary brain damage. Half such children require admission to a paediatric intensive care unit.
3. Subacute non-encephalopathic presentation is less intense
with no acute brain swelling or encephalopathic features.
The presentation is still with SDHs and retinal haemorrhages, with or without fractures and bruising.
4. Recurrent encephalopathic presentation with epileptic fits,
apnoeic attacks, cyanotic attacks, rigidity or coma may represent repeated poisoning, suffocation or shaking.
5. Chronic extracerebral (non-encephalopathic) presentation is
with chronic SDH and an expanding head circumference,
failure to thrive, vomiting, hypotonicity and mild developmental delay. There are no findings other than the SDH,
but these children can still suffer the effects of raised ICP
and visual compromise.

37.1.3 Pathophysiology and mechanisms of
injuring the brain
Figure 37.5 shows the possible mechanisms by which the brain
may be injured.

Impact (acceleration and deceleration) injury
Most accidental injuries in children are impact injuries. Evidence of impact can be bruising of the skin or subcutaneous
tissues, subgaleal haemorrhage, skull fracture, extradural haemorrhage, focal SDH, focal cerebral contusion and contracoup
injury. Accidental acceleration and deceleration impact injuries
result from child pedestrian accidents, falls, etc. Impact injuries
can be of accidental or non-accidental aetiology. Skull fractures
occur in about 26% of cases of NAHI.

712

PART V   CLINICAL FORENSIC MEDICINE

Impact
injury

Rotational
(inertial)
injury

Compression
(non-rotational,
non-shearing
and nonconcussional)

Rotational +
impact
deceleration
injury

Penetration
(non-rotational
and nonconcussional)

Whiplash
injury

Suffocation /
asphyxia

Multiple
mechanisms

Figure 37.5 Possible traumatic mechanisms of injuring the brain.

The pathophysiology of impact injuries includes brain injuries sustained by:
• Contusion (or bruising) of the brain occurs at the site of
impact (coup) and then on the opposite side as the brain
hits the other side of the skull, especially on the undersurface
of the frontal and temporal lobes and the anterior temporal
pole. There may be attendant brain laceration.
• Brain compression due to compressive forces generated
within the skull from blood clots, brain swelling or cerebral
congestion results in a serious rise in the ICP, decreased
cerebral blood flow and ischaemia and possible brain shift.
• Shearing or rotational injury to the brain results from rotation of the brain in the skull, and causes shearing of blood
vessels and dural attachments, resulting in: tearing of surface
veins with SDH (hemispheric and interhemispheric) and
SAH; shearing at the grey–white interface causing gliding
contusions; tearing, bleeding and shearing of white matter
tracts (especially at the corpus callosum and cerebellar
peduncle); traumatic axonal injury; midbrain injury; craniocervical junction injuries; fronto-temporal rotational sphenoid impact; and retinoschisis.

Rotational (inertial) injury
Shaking alone results in repetitive oscillatory (acceleration/
deceleration) rotational forces. The inertial forces cause shear
strain injuries that disrupt veins (vascular shearing) and at
interfaces between neural tissues of different physical and
structural properties (parenchymal and midbrain shearing)
(Fig. 37.6).

Vascular shearing
Surface and interhemispheric SDH and intradural haemorrhage result from tearing one or more of approximately 20
bridging veins in different intracranial compartments. The torn
bridging veins are in the subdural space, which is a potential
space, and blood accumulates in the clefts within the dural
border cell layer, which is normally continuous between the
meningeal portion of the dura and the subjacent arachnoid
(Haines 1991).

Pc
Gw
CC
Bs

Cs

Figure 37.6 Acceleration gradient Pc > Gw > CC > Bs > Cs. Bs,
brainstem; Cs, cervical spine (C2); CC, corpus callosum; Gw,
grey–white interface; Pc, pericerebral space.

Duhaime et al. (1992) reported the presence of an intradural
(subdural) haemorrhage as highly significantly related to
inflicted injury (P < 0.0002). Intradural haemorrhages are not
specific for NAHI. They are usually microscopic and venous in
origin and are equivalent to intradural petechae and are seen
in a wide variety of preterm states, and perinatal, neonatal and
infant deaths. It is likely that in these circumstances these intradural petechiae are a result of hypoxic agonal events, and conversion of a microscopic intradural into a macroscopic subdural
haemorrhages does not usually occur (Smith et al. 2003).
Cortical veins have to cross subarachnoid and subdural
spaces as ‘bridging veins’ in order to enter the dural margin of
the superior and inferior sagittal sinuses. It is at the point of
crossing between the brain and sinus, or the skull, that they are
most liable to tear during injury, and especially that segment of
bridging vein that penetrates the dural border cell layer, which
is known to be more friable (and possibly narrower) and therefore more prone to tearing from trauma than that segment in
the subarachnoid space (Yamashima and Friede 1984).
SDHs may be acute (acute subdural haemorrhage), subacute
(subdural haematoma) or chronic (subdural effusion). Acute
SDHs (in which the brain is covered with undiluted clot with
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a high haematocrit) occur within 3 days and are associated with
shock; subacute SDHs or subdural haematomas occur within 3
days to 3 weeks (fibrinolysis breaks down the blood and water
is drawn into the collection, haemodilation occurs, the haematocrit falls, and an increase in size causes symptoms of space
occupation to dominate). Chronic subdural effusion is liquid
with an even lower haematocrit. There are two parts to this: (i)
a liquid watery part; and (ii) fresh bleeding of a membrane,
which encapsulates the haematoma and binds it to the dura
where it is invaded by fibroblasts and degrades. The presence
of a membrane confirms the chronic nature of the SDH. This
occurs more than 3 weeks post injury and has an insidious
onset with few signs of pressure other than the head enlarging
to accommodate the increased intracranial volume. It usually
takes 3–4 weeks to make this diagnosis when the preceding
trauma is known.

White matter shearing
Long axons running from hemisphere to hemisphere, and from
frontal to occipital lobes, and from cortex to lower areas, can
be avulsed by traction as the deforming brain tries to ‘flow’. This
results in traumatic diffuse axonal injury, seen as axonal shearing, especially causing gliding contusions at the grey–white
junction, and especially found in the frontal and temporal
lobes, posterior body and splenium of the corpus callosum,
ependyma and cerebellar peduncle. Vascular mediated axonal
injury is a further form of axonal injury in shaking cases. All
result in cerebral oedema.

Midbrain shearing
At the tegmentum of the midbrain, injury with haemorrhage
(either from a primary injury or from raised ICP) results in a
rapid loss of consciousness, pupillary dilatation, loss of visual
awareness, extensor decorticate postures, akinetic mutism and
autonomic dysfunction of the blood pressure, pulse and
respiration.

Rotational and impact deceleration injury
Rotational and impact deceleration injury (e.g. shaking with
impact) results in bruises, subgaleal haematoma, fractures,
focal contusions, extradural haemorrhage, focal SDH, retinal
haemorrhages, axonal injury and encephalopathy.

Whiplash injury
Whiplashing injury (i.e. hyperflexion/hyperextension injury)
causes localised damage at the craniocervical junction and
hypoxic ischaemic brain damage.

Compression head injury
This is a non-rotational, non-shearing and non-concussional
injury in which the head is compressed between two surfaces.
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The pathophysiological mechanisms of these are distortion of
the brain, compression and ischaemia, resulting in a bursting
fracture with suture diastasis, fractured base of skull, cerebral
oedema (raised ICP, low CPP), cephalohaematoma, SDH (temporal, middle fossa, posterior fossa), SAH, retinal haemorrhage,
subconjunctival haemorrhage and facial petechiae, vertebral
thrombosis and intraventricular haemorrhage, cranial nerve
lesions, epistaxis and otorrhagia, hearing loss and diabetes
insipidus.

Penetrating injury
This is non-rotational and non-concussional injury causing
brain laceration with haemorrhage, open wounds, dissecting
aneurysm/fistula and loss of consciousness if raised ICP is
present.

Asphyxial injury (suffocation/asphyxia)
Asphyxia with a fall in PO2 and a rise in PCO2 is followed by
ischaemia. Hypoxic ischaemia results in cerebral oedema, traumatic asphyxia (retinal, subconjunctival and facial petechiae)
and intradural haemorrhage, and clinically there is rigidity or
extensor posturing with fits and homeostatic dysfunction. The
result is neuronal death and long-term impairment.
In the postnatal period, severe insults result in diffuse grey
matter injury, with relative sparing of the peri-Rolandic cortex
and the structures supplied by the posterior circulation. Profound hypoxic ischaemia in older children and adults affects
the deep grey matter nuclei, cortices, hippocampi and cerebellum (Huang and Castillo 2008). Diffuse hypodensities on
imaging (reversal sign) carries a poor prognosis and indicates
severe hypoxic ischaemic injury, rather than white matter
shearing and traumatic diffuse axonal injury.
Some 77% of children dying from NAHI (Geddes et al.
2001a) have evidence of head injury damage that may have
occurred at the time of the primary injury due to apnoea and
medullary damage or resulted from secondary injury from
hypotensive shock, raised ICP or increased cerebral metabolic
consumption from fits. Shock with hypotension in the presence
of raised ICP reduces cerebral perfusion pressure and exacerbates cerebral oedema.

Multiple mechanisms
Combinations of the above mechanisms may occur in an individual case.

37.1.4 Neuropathology of inflicted
head injuries
Geddes et al. (2001a, 2001b) in a seminal study reported the
detailed pathology including immunocytochemistry of 53 fatal
NAHI cases, 37 of whom were infants. They reported acute
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subdural bleeding in 72%, retinal haemorrhages in 71% and
skull fractures in 36%. Raised ICP secondary to brain swelling
was present in 82% and was the commonest cause of death. On
microscopy, 77% showed severe hypoxic brain damage, 39.6%
vascular axonal damage and three cases showed diffuse traumatic axonal damage. Eleven infants showed epidural cervical
haemorrhage and localised axonal injury to the brainstem and
spinal nerve roots at the craniocervical junction or cervical
cord, indicating the vulnerability of the craniocervical junction
with stretch injury from cervical hyperextension/flexion injury.
The authors suggested age-related patterns of brain damage –
infants at 2–3 months presented with apnoea, have axonal
damage at the craniocervical junction, have a skull fracture, a
thin film SDH and no extracranial injury, whereas children over
1 year of age have severe extracranial injuries, larger subdural
haemorrhages and white matter damage similar to that seen in
adults. Such damage to the brainstem could account for the
75% of infants who had apnoea at presentation with resultant
hypoxic damage and brain swelling.

37.1.5 Biomechanics of inflicted
head injuries
Biomechanical analyses of NAHIs are undertaken by experimental animal models, biomechanical models and computer
modeling. They have been used in an attempt to resolve a
number of controversies surrounding what is an unwitnessed
injury such as, firstly, whether shaking alone is sufficient to
cause the injuries or whether impact is also required, secondly,
if shaking is responsible what magnitude and duration of
shaking is required, and, thirdly, how accidental might be distinguished from abusive head injury.
Published results from biomechanical studies on NAHI have
sometimes been conflicting, largely because of the inherent
limitations that are associated with biomechanical research.
Such limitations include:
• The use of injury criteria which are based on high energy,
single impact studies, where ideally studies should focus on
injury mechanisms that are low energy with cyclic loading.
• Using measured accelerations only is an insufficient way of
measuring the head injury risk.
• The absence of quantitative head injury tolerance data specifically for children means injury tolerance data are largely
estimated from animal studies, anthropomorphic instrumented dummies, child accident investigations, cadaveric
studies and other adult human volunteers.
• The scaling of results from animal measurements, often first
to adult head dimensions, and eventually to infants, with
potential errors possible given the different dimensions and
tissue properties of different species.
Finite element modelling (FEM) requires a lot of information about the material properties of the infant brain or eye in
terms of differences in geometry and anatomy, the tissue material properties, the tissue interactions, the loading used and the

degree of stresses that will induce injury. ‘Without such data,
prediction of the brain or eyes response from these models in
terms of tissue deformation and stress remains problematic’
(Margulies et al. 2009). Some parametric studies employ data
in simulations, varying components over a range of values.
Such values remain unknown, particularly with respect to predictions of retinal haemorrhages and their mechanism of origin
(Margulies et al. 2009). Selected research papers have been
listed in Table 37.6. However, the balance of evidence from
biomechanical and modelling studies appears to favour the
contention that shaking alone could be responsible for the
pattern of brain and eye injuries sustained in SBS.

37.1.6 Clinical diagnosis of non-accidental
head injury and the degree of surety
Basis for a clinical diagnosis
The diagnosis of NAHI must be subjected to the rigour of existing evidence-based practice and national clinical guidelines,
after synthesising the history, examination and investigations.
All of the clinical examination findings described above, in
isolation, should cause consideration of a possible NAHI aetiology, although the more combinations of these features that are
present, the more secure is the diagnosis. For example, retinal
haemorrhages that are associated with SDH should raise the
possibility of abuse (Duhaime et al. 1992; Goldstein et al. 1993;
Jayawant et al. 1998; Ophthalmology Child Abuse Working
Party 1999). Additional physical injuries with SDH also raise
the possibility of abuse (Caffey 1946; Kleinman 1990; Goldstein
et al. 1993; Jayawant et al. 1998) as does a previous history of
child abuse in a family with SDH (Goldstein et al. 1993; Jayawant et al. 1998) .
It is not just the presence of these clinical and investigative
findings, but also the quality of the clinical feature (e.g. extent
and location of the SDH, number of retinal haemorrhages,
retinal layer involved and location) which is important. This is
because there are a number of other diagnoses that may result
in a SDH or retinal haemorrhage, although they are qualitatively usually very different from that seen in NAHI.
The fundamental diagnostic question is what is the relative
likelihood (probability) that the findings (SDH, retinal haemorrhage, encephalopathy, etc.) are due to: (i) accidental cause;
(ii) non-accidental cause; or (iii) another cause.
Statistically, as with any syndrome, the more major and
minor features present the greater the likelihood that the diagnosis is that syndrome. For totally independent variables, the
overall match probability can be obtained by multiplying the
individual probabilities leading to a conclusion that there is a
1 in X chance of having these features if it is not the diagnosis
(say, SBS). This is not the same as saying the odds are 1 in X
that this is SBS. This is known as the fallacy of the ‘transposed
conditional’ – i.e. a small probability does not necessarily mean
that the opposite is true.
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Table 37.6 Summary of literature on biomechanics studies in non-accidental head injury.
Reference

Study methodology

Results/conclusions

Holbourn 1943

Mechanical study investigating shear stress
in a rotated head model

Demonstrated the importance of rotation in head injury, due
to the shear modulus of brain material being substantially
lower than its bulk modulus

Ommaya & Yarnell
1969

Case histories of two patients with SDH
caused by whiplash alone

Estimated a level of 1636 radians/s2 at which a road traffic
accident victim had an injury close to the threshold for
concussion

Ommaya & Hirsch
1971

Produced cerebral concussion in three
primate species by both direct impact to
the occiput and whiplash injury

Predicted angular acceleration for an adult human brain
mass of 1800 radians/s2, at which the chances of
concussion are about 50%

Ommaya &
Gennarelli 1974

Pure rotational and, separately, pure
translational forces were applied to
experimental animal heads

Demonstrated the susceptibility of heads (brains) to damage
caused by rotation

Gennarelli &
Thibault 1982

Rhesus monkeys securely fitted into a
helmet, attached to a pneumatic actuator
and linkage system. A single acceleration/
deceleration pulse was delivered to the
head, rotating it through 360°, in times
from 5 to 25 ms, with magnitudes of
100 3000 G

Bilateral haematomas resulted. Suggested impact was not
necessary to cause SDH

Thibault &
Gennarelli 1985

Subjecting monkeys’ heads to known
accelerations and velocities

Produced tolerance criteria (minimum acceleration and
velocity) required to cause different levels of damage.
Results were then scaled to the brain mass of an infant

Duhaime et al.
1987

Tests with an infant dummy recorded
angular velocities and accelerations due to
shaking and impact. Values were scaled up
from non-human primates to correspond
to the brain mass of an infant

Concluded that shaking was unlikely to develop angular
accelerations and velocities above the tolerance level for
concussion, SDH and diffuse brain injury. With impact the
angular accelerations were greater by a factor of 50.
Acceleration magnitudes and frequencies were higher
than is possible for an adult shaking

Lowenhielm 1974;
Yamashima &
Friede 1984; Lee
& Haut 1989;
Meaney 1991

Investigated bridging vein properties

Various results from different methods of actuation.
Ultimate stretch ratio at strain rate ε (per second) varied
from 1.51 to 1.767 and bridging veins appear more fragile
in their subdural than subarachnoid component

Spivack 1992

Review of biomechanics of non-accidental
trauma

Reviewed the general principles of the biomechanics of
non-accidental trauma with particular reference to
fractures, burns and whiplash-shake head injuries

Smith et al. 1998

Developed a model for shaking head injury in
6-day-old rats, shaken for 6 s, once per
day for 3 days. Sacrificed at different ages

Unable to produce SDH by shaking alone, but showed
progressive neuronal degeneration and concluded there
was a role for oxygen radicals in the pathophysiology of
this injury

Morison 2002

First three-dimensional FEM of SBS which
included CSF, and was used to estimate
tolerance criteria for causing SDH by
shaking

Pure shaking of an infant could produce bridging vein strain
close to the tolerance for failure, and should be
considered a possible cause of SDH

Ommaya et al.
2002

Reviewed the biomechanics of paediatric and
adult head injury

Deduced head injury tolerance levels at three age
categories for cerebral concussion, skull fracture and
three grades of diffuse axonal injuries
(Continued)
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Table 37.6 (Continued)
Reference

Study methodology

Results/conclusions

Prange &
Margulies 2002

Brain tissue slices from 5-day-old and
4-week-old piglets (equivalent to human
newborn and toddler) were compared with
human temporal cortex slices following
neurosurgical excision, tested with a shear
testing device and compression testing

The increase in lipid content (myelination) in development
contributed to a 50% decrease in tissue stiffness from
the newborn to the toddler brain, making the infant brain
more resistant to deformation during contact and
non-contact loads. Brain tissue properties show
significant non-homogeneity at large strains. Grey matter
is isotropic and white matter is anisotropic. The average
grey matter is 1.3 times stiffer than the most compliant
brain region – the corpos collosum. The infant brain tissue
is approximately twice as stiff as adult tissue

Raghupathi &
Margulies 2002

Piglets equivalent to <3-month-old infants
were subjected to rapid non-impact axial
rotations. Brain histochemistry was
undertaken with neurofilament protein
(68 kDa)

Five of the seven piglets became apnoeic with no pupil or
pain reflexes and with severe coma initially. SDH and SAH
was evident and TAI (neurofilament protein) was seen in
axons and axonal bulbs. Injured axons were predominately
in the white matter of frontal and temporal lobes and
midbrain. The number did not correlate with the load
applied and subsequent findings showed that development
plays a role in the head injury response of the immature
brain, with infant piglets exhibiting more injured axons per
unit area than an adult pig

Kleiven 2003

FEM with loads imposed in different
directions

The largest relative skull–brain motion and strain in the
bridging veins occurred with the anteroposterior and
posteroanterior rotational impulses

Cory & Jones
2003

A replica biomechanical model of a 1-monthold baby (similar to Duhaime et al. 1987)
was constructed and tested. Angular head
accelerations were measured with
maximum physical shaking effort

Results were closer to tolerance limits for internal head
injury and SDH. ‘It cannot be categorically stated from a
biomechanial perspective that “pure shaking” cannot
cause fatal injuries in an infant’

Prange et al. 2003

Used an anthropomorphic surrogate model
of a 1.5-month infant which was subjected
to falls from 1, 3 and 5 feet, as well as
vigorous shaking and inflicted head
impacts. Recorded rotational velocity and
maximum change in angular velocity and
peak angular acceleration

Indicated shaking and short falls (<1.5 m) generate similar
accelerations, both less than from inflicted impact

Raghupathi et al.
2004

Piglets were subjected to single or double
axial rotations; TAI was assessed by
neurofilament protein 200

The density and distribution of injured axons following a
single mild rotation was less than that following a single
more severe rotational load, i.e. there was a graded
response of the immature brain to rotational load
magnitude, and there was vulnerability to repeated, mild,
non-impact loading conditions

Minns 2005;
Morison & Minns
2005

Doll models were constructed with
dimensions equivalent to infants at
different ages, and subjected to repetitive
shaking by healthy adult volunteers.
Duration, frequency and accelerations
were measured

Adults’ maximum duration of shaking (of a 2-month-old
infant equivalent doll) was a median of 24 s, at an average
frequency of 3.5 Hz. Children shook ‘dead weights’
(equivalent to a 2-month-old infant) for a median of 20 s
at 2 Hz
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Table 37.6 (Continued)
Reference

Study methodology

Results/conclusions

Wolfson et al.
2005

Computational rigid body modelling was used
to investigate neck stiffness on head
motion and head–torso impacts, as a
possible mechanism of SBS injury. Data
were obtained from an anthropometric
test dummy used to simulate shaking

In each study, injury levels for concussion were exceeded,
though impact was required in the neck stiffness study.
Levels for the SBS injuries were not exceeded, i.e. they
were unable to show shaking alone can cause SBS brain
injuries. Study stated that current injury criteria are based
on high energy single impact studies, which is not the
type of loading in SBS, and therefore recommended that
future studies should focus on injury mechanisms with low
energy cyclic loading. The authors questioned reliance on
double scaling from animals to adult humans to infants

Couper &
Albermani 2008

Two-dimensional FEM of an axial slice of an
infant’s head was created to give
qualitative information on the brain during
cyclic loading (i.e. shaking). Testing
explored variations in CSF, brain matter
stiffness, dissipation and non-linearity, and
differentiation of brain matter type

Concluded that the volume of subarachnoid CSF and
thickness variations of gyrii were important. Stress
concentrations in the deep brain are reduced by fluid
redistribution and gyral contact, while inclusion of the pia
reduces cortex contact strains

Couper &
Albermani 2009

A three-dimensional FEM representation of a
3-month-old infant had kinematics applied,
which were derived from physical testing
with an anthropomorphic infant surrogate

Anteroposterior shaking lead to specific patterns of brain
motion, increased the likelihood of focal axonal injury at
contact locations and deep brain structures (i.e. frontal,
occipital, corpus callosum, and connections of brainstem
and cerebrum/cerebellum) and found a capacity for SDH
from central bridging vein rupture

Hans et al. 2009

A computational model of an infant eye
using an FEM with a four-cycle shaking
motion in 1 s and maximum flexion/
extension of the neck

The impulse for impact simulation is 13 times lower than for
shaking, suggesting that shaking alone may be enough to
cause retinal haemorrhages as there are sustained and
higher forces in the posterior retina compared with the
impact of a fall

Coats et al. 2010

5-day-old piglets underwent single rapid
head rotation in different planes

Ocular haemorrhages were found in 73% of animals (51%
bilateral). Intraocular haemorrhages were located
primarily near the vitreous base, but were also found
elsewhere. Rapid axial rotations resulted in more
intraocular haemorhages than rotation of other planes.
Optic nerve sheath and ciliary body haemorrhages were
common. Retinal haemorrhage was present in a small
number, mostly intraocular haemorrhages located in
regions of strong vitreous attachment. Extrapolation to
the human infant will require further investigation of
anatomical differences

Finnie et al. 2010

Used manual shaking in an ovine model to
answer whether shaking alone is sufficient
to cause brain damage or if impact is
required. Brains were examined with
amyloid precursor protein (APP)
immunohistochemistry

Neuronal APP was widely distributed in the brain and spinal
cord. Axonal immunoreactivity was minimal and confined
to the rostral cervical spinal cord at the site of maximal
loading. No hypoxic ischaemic damage was seen

Ibrahim et al.
2010a

Investigated mechanical load factors that
determine skull fractures, soft tissue
injuries and altered mental state using an
instrumented dummy equivalent to an
18-month-old child. Measured peak angular
acceleration during low height falls on
hard and softer surfaces

Assuming similar fracture limits and brain tissue injury
threshold between infants and toddlers, the authors
concluded that for impact events the toddler is likely to
be less vulnerable to skull fracture but more vulnerable to
neurological impairment, compared with the infant

(Continued)
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Table 37.6 (Continued)
Reference

Study methodology

Results/conclusions

Ibrahim et al.
2010a

Measured brain deformation during
on-impact head rotation in juvenile pigs

Peak values of principle strain were significantly larger
during deceleration than during acceleration, and doubled
with a 50% increase in velocity. Age differences were
likely due to a larger brain mass and smaller viscoelastic
modulus of 4-week-old pig brain compared with a
5-day-old baby. Brain tissue strain during rapid nonimpact rotation varies with age. Such data will be used to
validate computational model predictions

Ibrahim et al.
2010b

‘Toddler age’ (i.e. 4-week-old) piglets were
subjected to a single non-impact head
rotation at low or moderate angular axial
accelerations

Increasing accelerations and velocity produced more severe
responses. Moderate acceleration rotations produced EEG
suppression, severe SAH, ischaemia and axonal injury
compared with low accelerations. ‘Toddler age’
accelerations had similar pathologies to ‘infant age’
animals with similar accelerations, i.e. traditional
mechanical engineering scaling by brain mass and
stiffness cannot explain the vulnerability of the infant
compared with the toddler brain

CSF, cerebrospinal fluid; EEG, electroencephalograph; FEM, finite element model; SAH, subarachnoid haemorrhage; SDH, subdural haemorrhage; TAI,
traumatic axonal injury.

Because there is not a single characteristic feature that unequivocally indicates NAHI, we rely on the probability (positive
predictive rate) from published prospective studies that have
investigated all possible causes (accidental or non-accidental)
of a particular clinical sign, or combinations of signs. Unfortunately there are to date too few of such published prospective
research studies. The Cardiff group have attempted systematic
reviews and pooled analyses to glean such odds from the published literature, but few combinations of clinical features are
yet available, for example in a child under 3 years with brain
injury and retinal haemorrhage the positive predictive rate for
inflicted TBI is 71% (95%CI 48–87%) and the odds ratio is 3.5
(95%CI 1.1–11.3, P = 0.03) (Kemp et al. 2008). The probability
of abusive head trauma in a child less than 3 years old with an
intracranial injury plus any three features (bruising, seizures,
apnoea, long bone fracture, retinal haemorrhage, rib fracture)
is greater than 85%. A recent prospective study of seriously ill
infants and children from Edinburgh with accidental TBI, nonaccidental TBI and medical encephalopathies admitted to a
paediatric intensive care with early and sequential retinal
imaging has shown a high probability (positive predicted value
(PPV) of 93% and CI of 68–99) for an inflicted cause based on
a retinal haemorrhage count of more than 25 haemorrhages in
the intraretinal layer (dot-blot haemorrhages) (Minns et al.
2012).
Potential predicaments for meta studies and research on
NAHI include the following:
• The importance of a secure diagnosis of NAHI, which
has to be made independently by the multiagency child protection conference (and most are) or after confession or
conviction.

• ‘Avoiding circularity’ is paramount – that is using a number
of clinical signs to make a diagnosis, and then deducing the
odds of these clinical signs occurring in that diagnosis.
• Predictive studies should be prospective and, in their entry
criteria, include all possible causes of SDHs, retinal haemorrhages, encephalopathies or bruises, etc. Existing studies
vary in their entry criteria, and most do not include all possible non-traumatic causes of the salient features.
• Predictive studies based on symptomatology may give inaccurate data given that NAHI is not a single entity (see above).
However, combining predictive statistics from the existing literature gives the best available diagnostic guidance at this time,
until good, unbiased, validated, prospective studies – incorporating all potential causes of the clinical features (SDH, retinal
haemorrhage, encephalopathy, bruising, fractures, etc.), singly
and in combination – provide high levels of probability of
NAHI.

Degree of surety
On medical grounds clinicians decide on the surety of their
diagnosis according to whether it is definite (certain), probable,
possible or not NAHI (not inflicted). Keenan (2002) has defined
these relative degrees of surety as:
• Definite: ‘Injury episode for which distinct, consistent and
convincing evidence (from history, examination and investigations), indicate that harm was inflicted’.
• Probable: ‘Injury episode for which a preponderance of the
combined evidence indicates the injury was inflicted and
“non-inflicted” would be an unlikely explanation for the
constellation of findings’.
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• Possible: ‘Questionable/possible. Certain aspects suggest
inflicted but incomplete information precludes greater
certainty’.
• Non-inflicted: ‘Witnessed trauma or trauma where the
reported mechanism fits the findings’.
The surety of diagnosis to date has been confirmed by a
review of 88 infant SBS deaths by the Right Honourable the
Lord Goldsmith QC, Her Majesty’s Attorney General, of 14
February 2006. He adjudged that three cases might be appropriate, for the safety of the conviction, to be referred to the Court
of Appeal or Criminal Cases Review Commission, while the
other 85 cases gave no cause for concern, indicating that the
‘triad of SBS’ (SDH, retinal haemorrhage and encephalopathy)
remained legally secure as a diagnosis.

37.1.7 Differential diagnosis and
investigations of exclusion
There are a substantial number of diagnoses that may include
one feature of NAHI, but very few other diagnoses that have
two or more clinical features of NAHI in combination.

Pathologies that predispose to individual
components of shaken baby syndrome or
non-accidental head injury
Table 37.7 lists differential diagnoses of congenital and acquired
pathologies that predispose to individual components of SBS
or NAHI.

Specific pathologies that may include retinal
haemorrhage or subdural haemorrhage,
or both together
Birth-related pathologies
Birth compression injury Approximately 3.2% of all deliveries have some birth trauma, but these mostly result in fractures
(e.g. to the clavicle, skull), facial palsy, etc. Predisposition to
compression head injury from the birth results from malpresentation (occipito posterior, deep transverse arrest, extended
neck) or disproportion from a large head or contracted pelvis.
The mechanisms of compression injury are: (i) compression
(decreased cerebral blood flow, oedema, traumatic asphyxia,
coning); (ii) moulding – lateral, sagittal sinus entrapment and
tearing of bridging veins; anteroposterior moulding with
tearing of the vein of Galen, tentorium and venous sinuses; and
(iii) traction (spine, brachial plexus, vertebral arteries).
The external clinical evidence of traumatic compressive
head injury includes marked moulding, caput succedaneum
(scalp oedema over the presenting part), cephalohaematomas,
Erb’s palsy, radial palsies and fractures. Diagnosis depends on
a difficult delivery with external signs of injury and is now rare
(Brown 1974).
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Asymptomatic newborn subdural haemorrhage Whitby et
al. (2004) have found the risk of SDH following normal spontaneous vaginal delivery birth to be 6.1%, and for ventouse
followed by forceps to be 27.8%. Radiologically the SDHs are
small, mainly infratentorial, are asymptomatic and resolve
within 1 month. Looney et al. (2007) found neonates aged
between 1 and 5 weeks who were delivered vaginally had a
prevalence of intracranial haemorrhage (mostly SDH and
mostly infratentorial) of 26%. Intracranial haemorrhages were
not significantly associated with prolonged, traumatic or
assisted birth.
Rebleeding Rebleeding has been suggested as a cause for the
SDH in NAHI. This is suggested to be due to microscopic vascularised membranes encasing old SDHs (Uscinski 2002). The
contention is that birth-related subdurals resolve, leaving subdural membranes which could be vulnerable to rebleeding after
later minor trauma or from later hypoxia. Such accumulation
of blood would likely be microscopic and result in slow oozing
into the membranes and subdural space and unlikely to cause
the acute neurological collapse seen at presentation in cases of
NAHI. Additionally, this mechanism would not account for the
symmetrical and extensive pattern of haemorrhage, nor the
spinal SDH identified by MRI. Rebleeding into a chronic SDH
(as in the elderly) is unlikely because there is no spatial availability or atrophy in the fast growing brain of an infant. Chronic
SDHs only occur following a serious antecedent brain injury.
Birth-related retinal haemorrhages Retinal haemorrhages
have been reported in the newborn with a frequency from 2.6%
to 59% (Ophthalmology Child Abuse Working Party 1999).
Many of these resolve within 24 hours and most by 3–4 weeks.
They, like asymptomatic SDHs, are more frequently seen after
vacuum extraction. There are a smaller percentage of retinal
haemorrhages in preterm births (Maltau et al. 1984). Although
most resolve quickly, occasionally extensive retinal haemorrhages (to the ora serrata,) can occur in normal births and can
rarely persist longer. Concern remains if flame-shaped haemorrhages are visible at 2 weeks and blot haemorrhages 4 weeks
after birth (May et al. 2009).

Accidental head injuries
Toddler falls One to 2-year-old children fall short distances
very frequently and these falls involve the head in 13% and
result in a minor injury, such as cuts in 1% (Minns and Brown
2005). Joffe and Diamond (1990) reported that toddlers fell
three to five times a week. Falls in infants who are not yet weight
bearing are initiated by adults or equipment failure.
Fatalities due to falls from a low height are exceptionally rare
(0.01–0.22 per 100 000 between birth and 4 years of age; Hall
et al. 1989). Falling down stairs in a baby walker (and from
a top bunk) is a potentially very serious injury, with 29% suffering serious injury and one fatality with SDH and skull and
neck fractures (Reiber 1993). These largely result in impact
injuries.

720

PART V   CLINICAL FORENSIC MEDICINE

Table 37.7 Differential diagnoses of congenital or acquired pathologies that predispose to individual components of the shaken baby
syndrome.
Differential diagnosis of subdural bleeding

Differential diagnosis of retinal
haemorrhage

Differential diagnosis of skeletal
features simulating abuse

Birth trauma and perinatal conditions, including
normal vaginal delivery, intrauterine trauma

Normal birth and retinopathy of
prematurity

Osteopenia of prematurity

Metabolic diseases and biochemical disorders, e.g.
glutaric aciduria type I, galactosaemia,
pyrovatecarboxylase deficiency, hypernatraemia

Metabolic conditions and biochemical
disorders, e.g. glutaric aciduria,
galactosaemia, dysproteinaemias,
hyponatraemia

Metabolic conditions and
biochemical disorders, e.g.
vitamin C deficiency, vitamin
A toxicity, drug-induced bone
changes

Congenital malformations, e.g. intracranial cysts,
arteriovenous malformations, aneurysms

Congenital and acquired ocular diseases

Genetic disorders, e.g. Menkes’ disease, Marfan’s
syndrome, Ehlers–Danlos syndrome, osteogenesis
imperfecta types I and IV

Genetic disorders, e.g. sickle cell
retinopathy

Malignancies, e.g. solid brain tumours, leukaemias

Malignancies, e.g. CNS, leukaemias, raised
intracranial pressure, hydrocephalus

Haematological conditions, e.g. haemophilias, von
Willebrand’s disease, thrombocytopenia/idiopathic
thrombocytopenic purpura, haemorrhagic disease
of the newborn, liver diseases, disseminated
intravascular coagulopathy, sickle cell anaemia
(IPH is more common than SDH), anti-Ro
antibodies (Edwards et al. 2012)

Haematological conditions e.g.
haemophilias, von Willebrand’s disease,
haemorrhagic disease of the newborn,
thrombocytopenia, anaemias

Infections, e.g. pyogenic meningitides including
Haemophilus influenzae and Streptococcus
pneumoniae, chronic otis media, toxoplasmosis,
herpes simplex encephalitis, malaria (infected
subdural collections = subdural empyema, with
some bleeding)

Infections, e.g. bacterial endocarditis,
meningococcal meningitis and
septicaemia, viral (rhinovirus,
echovirus, meningoencephalitis,
pertussis

Medical and surgical interventions, e.g. following
CSF shunting, slit ventricle syndrome, lumbar
puncture and craniotomy

Postoperative ocular surgery

Trauma, e.g. accidental and non-accidental, boxing,
weightlifting, break dancing

Trauma, e.g. severe traumatic brain
injury, chest compression injury

Idiopathic fetal

Genetic disorders, e.g. Menkes’
disease, inherited bone
dysplasias, osteogenesis
imperfecta types I and IV

Haematological conditions, e.g.
sickle cell anaemia

Accidental trauma

Other, e.g. lupus erythematosus
CNS, central nervous system; CSF, cerebrospinal fluid; IPH, intraparenchymal haemorrhage; SDH, subdural haematoma.

Plunkett (2001) reviewing a database from more than a
10-year period found 18 fall-related head injury fatalities from
witnessed impact deceleration injuries from playground equipment. Four (of six who had fundoscopic examination) had
bilateral retinal haemorrhages. Maxeiner (2001) documented
80 traumatic or violent deaths in infants over a 20-year period
and did not find any deaths with SDH from a minor fall. Warrington et al. (2001), in a population-based study, found a high
incidence of low level domestic falls, but a very small morbidity
rate, adding to the evidence in accord with most experience of
the benign nature of witnessed low level falls. Most paediatricians accept that major intracranial injuries are seldom encoun-

tered from low level falls and the overwhelming evidence is that
fatalities and serious injuries are rare in young children with
short falls (variously considered as less than 0.9–1.2 m (3–4
feet) or less than 1.8 m (6 feet)). The 2005 UK Court of Appeal
judgment concluded ‘that there will be rare cases where comparatively minor falls may generate serious injuries’. With very
short falls it is difficult to achieve a significant angular (and
terminal) velocity with a short impact time unless the fall is
associated with lateral rotation such as from a swing.
The importance of a skull fracture is that it confirms forceful
impact, but it is the associated brain damage that kills or
damages. Skull fractures commonly accompany accidental as
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well as non-accidental head injuries. Helfer et al. (1977) reported
three skull fractures in 246 children who fell less than 0.9 m (3
feet) out of bed. Skull fractures depend on the force, the amount
of protection around the skull, the skull elasticity, the area and
site of impact and the ‘forgiveness’ of the surface. During
impact, important biomechanical points are where the head
hits in relation to the centre of gravity and, secondly, whether
there is the possibility of ‘crumbling’ where the child’s head is
hit (e.g. the nose). Where the impact is near the top of the
forehead, the head is doubled back on the neck with a larger
change in angular momentum and therefore larger angular
accelerations. Examples of accidental traumatic brain injury
with signs of contact injury are seen when children are dropped
from the adult’s standing position, baby walker injuries, parents
falling while nursing the child, etc.
Severe traumatic brain injury from multiple causes in children of all ages shows that for accidental traumatic brain injury,
retinal haemorrhages occur in approximately 14% (and in 16%
of those with elevated ICP). For non-accidental head injury, the
frequency of retinal haemorrhages is approximately 86%. In
non-traumatic encephalopathies, the frequency of retinal
haemorrhages will depend on the mix of aetiologies, and we
reported a frequency of 25%, in two-thirds of which the retinal
haemorrhages were bilateral (Minns et al. 2012).

Pathologies that are not responsible for shaken
baby syndrome or subdural haemorrhage
Relationship of hypoxic ischaemia and
subdural haemorrhage
Because of the findings of vascular-mediated hypoxic ischaemic
injury detected in children dying from NAHI, Geddes and colleagues developed a hypothesis that the subdurals might be due
to hypoxic injury to intracranial vessels (Geddes et al. 2003;
Geddes and Whitwell 2004). The reasons for this was that
microscopic intradural blood was found in 36 of 50 postmortem cases which included fetuses, spontaneous abortions, perinatal cases and nine infant deaths, none of whom suffered
trauma. A macroscopic SDH was seen in one infant with septicaemia. They therefore proposed a ‘unified hypothesis’ that
primary apnoea leads to systemic hypertension or episodic
blood pressure changes and brain swelling, leading to microscopic oozing into the dura and then into the subdural space.
This theory was investigated and invalidated by the UK Supreme
Court in 2005. Suggestions that paroxsysmal coughing, choking
and vomiting may do the same (Talbert 2005; Geddes and
Talbert 2006) have not been clinically or pathologically verified
(Smith and Bell 2008); radiological investigations of hypoxic
ischaemic injury show characteristic findings but not including
SDHs or retinal haemorrhages (Byard et al. 2007; Hurley et al.
2007). Significant retinal haemorrhages do not occur following
cardiopulmonary resuscitation for cardiorespiratory arrest, and
in the rare instances where they have been reported (Minns
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et al. (2012) reported a total of two cases with one and four
haemorrhages respectively), it may be difficult to ascribe a
precise cause for the haemorrhage because of the primary diagnosis or other medical interventions

Immunisations
Vaccines do not cause SDH or retinal haemorrhage but contact
with companies producing the vaccines can be made to pro
vide confirmatory data should this be required in legal
proceedings.

Missed diagnoses
Approximately one-third of abusive head trauma cases were
completely missed or misdiagnosed at presentation. Jenny et al.
(1999) found 31.2% of abused children with head injuries seen
by physicians did not have the diagnosis recognised immediately and it took an average of 7 more days to be corrected
(range 0–189 days); 27.8% were re-injured after misdiagnosis
and 40.7% experienced medical complications from the missed
diagnosis. Four of five deaths in the unrecognised group might
have been prevented by earlier recognition. This article emphasised the importance of considering ‘non-specific clinical signs’
as a presentation of abusive head trauma.
Ewing-Cobbs et al. (1998) noted chronic changes on acute
imaging studies in 45% of children with inflicted traumatic
brain injury. These children had no reported history of previous brain injury. Kemp et al. (2003) found 85% of children had
further injuries.

37.1.8 Investigations supporting diagnosis,
and excluding differential diagnoses
Brain imaging
It is ideal to investigate NAHI with both CT and MRI: CT
because it is better at showing blood, while MRI is superior for
older blood collections, small volume SDHs, in more concealed
brain areas and for parenchymal injuries. Standards for the
radiological investigation of suspected NAHI have been produced in an intercollegiate report by the Royal College of Radiologists and the Royal College of Paediatrics and Child Health
(RCR and RCPCH 2008) and by the American Academy of
Pediatrics (AAP Section on Radiology 2000, 2009), which
suggest the following schedule of neuroimaging.
• Day 1: cranial multislice CT.
• Days 3–5: cranial MRI (especially T2-weighted sequences
(cranial: axial, coronal, sagittal) plus diffusion-weighted
MRI to detect secondary ischaemic sequelae).
At present spinal imaging (sagittal, axial) is not routinely
undertaken unless clinical or imaging findings suggest a spinal
injury. Because of the association of cervical spinal cord injury
and extra-axial haemorrhage with NAHI, some centres include
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the cervical region in their cranial MRI trauma protocols
(Ghatan and Ellenbogen 2002). Subsequent interval MRI
depends on the persisting neurological abnormality (e.g. at 2
weeks and 2 months).
• 3–6 months: cranial MRI.
For non-acute presentation, MRI is the modality of choice.

Skeletal survey
A skeletal survey is undertaken for suspected physical nonaccidental injury (NAI) in infants and young children under
the age of 2 years and to exclude NAI in young siblings of children with proven NAI, or when infants and toddlers present
with a fracture in the absence of a confirmed cause. The current
recommendation is for a 19 image series of X-rays of the skeleton, including lateral views of the cervical and thoracolumbar
spine and oblique views of the ribs (BSPR 2008; RCR and
RCPCH 2008). A repeat survey in 10–14 days may add to the
findings. Bone scintigraphy may be complementary to conventional radiography for very subtle skeletal injuries. In any child
under the age of 1 year where there is evidence of physical
abuse, there is an indication for neuroimaging.

Ultrasound
Cranial ultrasonography usefully differentiates convexity subdurals from subarachnoid collections, and is useful for the macrocephalic or other infant with a large hypodense cerebral
convexity collection demonstrated by CT. Subcortical white
matter tears in the frontal and anterior parietal parasagittal
regions can be demonstrated by ultrasound (Jaspan et al. 1992)
Cranial Doppler is useful in the management of the subdural
by measuring the resistive index or mean flow velocity, an
impairment of which indicates pressure effects on the cerebral
blood flow velocity.
Other ultrasound investigations (e.g. abdominal) are undertaken when clinically indicated.

Haematological investigations
First line screening investigations should include:
• A full blood count and blood film.
• Platelet count and platelet function analyser, PFA-100 (note
if non-steroidal anti-inflammatory drugs have been taken).
• Prothombin time (PT).
• Partial thromboplastin time (PTT).
• Thrombin clotting time.
• Fibrinogen using the Clauss method.
• Assays for factor VIII (haemophilia A), factor IX, von Willebrand’s factor (mild type 1, more severe types 2 and 3) and,
if the infant is in the perinatal period, factor XIII.
• If a history of bleeding, then factors V, X and XI may also be
required.
• Liver function tests, urea and electrolytes, and creatinine.

These laboratory investigations should be reported and
compared to age-related ranges. Primary assessment of congenital and secondary hypercoagulable states is not helpful and
has poor recognised age range values. At the time of presentation with NAHI, it is useful to take additional plasma in an
anticoagulated tube to allow retrospective assays to be performed later if necessary.

Photography
Medical photographs should be taken of retinal haemorrhages
and injury, or bruising, cut abrasions, bite marks, etc.

Infection screen
Bacteriological cultures of blood, urine, upper respiratory
swabs and aspirates, CSF or subdural collections should be
made where applicable, and of C-reactive protein, white cell
count and antigen assays where appropriate.

Inborn metabolic errors screening
The screening tests for these include:
• Urine screening for organic acids, specifically glutaric aciduria
type I, where hydroxyglutaric acid and other intermediate
breakdown products are present.
• Galactosaemia screening in early infancy. If the infant is milkfed, fresh urine is tested for reducing substances (galactose)
by the ‘Clinitest’ (as well as a dipstix specifically for glucose).
A definite red cell enzyme assay of galactose-1-phosphate
uridyl transferase deficiency should be undertaken.
• Measurement of plasma copper caeruloplasmin. Patients with
Menkes’ X-linked disease have low plasma copper, macrocephaly, hypothermia and other clinical evidence of the disorder. Light microscopy of hair is usually taken as well as a
plasma copper estimation.

Ophthalmology examination
Retinal examination of both eyes should be performed by an
ophthalmologist with paediatric experience, using indirect fundoscopy after pupilary dilatation as recommended by the UK
Royal College of Ophthalmologists (Ophthalmology Child
Abuse Working Party 1999).

Electroencephalography
Electroencephalography is a supportive investigation during
the management of the encephalopathy.

Spectrophotometry
Spectrophotometry is of limited usefulness for subdural aspirates, but is potentially helpful in establishing the timing of
injury in pure subarachnoid haemorrhage.
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37.1.9 Child protection procedures
(multiagency investigation and joint
paediatric forensic examination)
The ‘Rights of the Child’ are enshrined in legislation, and practice in child protection is derived from articles of the UN Convention on the Rights of the Child, and ratified by the UK
government and endorsed by the Scottish government. They
underpin all code and practice in child protection. The 1995
Children (Scotland) Act is legislation providing the scope of
local authority intervention in the lives of children and their
families. The duties of the local authority are discharged by
statutory social work services (Scottish Government 2010).

Suspicion of child abuse by
GP/ paediatrician

Child admitted severely ill or
deteriorated (e.g. in PICU)

The principles underlying the investigation of alleged child
abuse are the requirements for multiprofessional input and
close communication and coordination by social services,
police and health care staff. At the early stages of any allegation/
suspicion, formal interagency discussion occurs involving
health, social work and police professionals. In Edinburgh the
key health professional initiating this suspicion of NAHI is a
senior paediatrician based in the community (and children’s
hospital), trained in child protection, who acts according to
local policies and guidelines backed up and supported by acts
of parliament. (In the USA, the American Academy of Pediatrics recognised and accredited child abuse training in 2006.)
The procedures referred to in Fig. 37.7 show the model of
practice that has evolved locally in Edinburgh and Scotland.

Suspicious death at
home, A&E or as an
inpatient

Referral to CP paediatrician
(with appropriate training)

Referral to CP paediatrician
(with appropriate training)

Documented discussion between CP
paediatrician, social work and police

Documented discussion between CP
paediatrician, social work and police

Paediatric, with either forensic
or specialist paediatric,
examination
Assess and classify surety of abuse as:
1.
2.
3.
4.

Diagnostic
Supportive
Non-specific
Not consistent

Physical abuse

Medical examination
by intensivist/
neurologist with or in
the presence of CP
paediatrician/forensic
physician
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Documented
discussion between
CP paediatrician,
social work and
police

Forensic pathologist
investigation

Sexual abuse

Other, e.g. neglect

Further investigation (multiagency)

Hospital admission
for safety/
investigation or
treatment

Child protection case
conference (CPCC)
(multiagency: social work,
police and health)

Child Protection
Register (CPR)

Civil
proceedings

No further
action

Significant case
review (SCR)*

Criminal
proceedings

Note:
* An SCR is carried out when: (i) a child (<18 years old) dies
and abuse or neglect is known or suspected; (ii) the child is
on, or has been on, the CPR or a sibling is or was on the
CPR; or (iii) the child was looked after by the local authority.

Figure 37.7 Summary flow diagram for child protection (Scottish Executive 2007). A&E, accident and emergency; CP, child protection;
GP, general practitioner; PICU, paediatric intensive care unit. Based on Mok et al. (1998), Scottish Executive Health Department
(2000), ELBEG (2007), Scottish Executive (2007), Lindberg et al. (2008), Kirk et al. (2010) and Scottish Government (2010).
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A child protection case conference (CPCC) will generally be
chaired by the social work services. The primary purpose of the
CPCC is to consider whether the child is or has been at risk of
significant harm, and to consider a multiagency action plan. In
cases of suspected NAHI, the CPCC usually includes a paediatrician with child protection expertise, paediatric neurologist
and/or neurosurgeon, paediatric neuroradiologist (and maybe
a paediatric radiologist), ophthalmologist, child protection
area social worker and the police. On occasions where there is
suspicion of other forms of abuse or neglect, there may be different agency representatives on the CPCC including other
National Health Service staff (e.g. health visitor, school nurse,
general practitioner, paediatrician and other health practitioners) and education staff (if of school age, or pre-school nursery
staff). On occasion the following may also be involved: addiction services, educational psychologist, procurator fiscal service,
armed services, children’s reporter, parents/carers (and possibly
a supporting person), foster carers, childminders, volunteers
working with the child or family and adult services, and housing
services.
The decisions made by CPCCs have been investigated by
Lindberg et al. (2008), who constructed a simulated multidisciplinary team conference and paediatricians experienced in
physical abuse, and assessed the likelihood of abuse according
to three separate scales (3-point, 5-point and 7-point rating
scales). There was broad variability on all scales between experts.
They counselled caution when interpreting likelihood from a
single expert, and supported a multidisciplinary team approach
to child abuse assessments. Inter-rater variability was lowest in
cases with the highest aggregate concern for abuse and highest
for cases with intermediate concern. To what extent medical
input to the CPCC influences the outcome of a case conference
has not been specifically addressed in cases of physical abuse,
although in sexual abuse cases the medical contribution has
been shown to be only one component of the decision process
(RCPCH 2008).

probability level has not been considered appropriate, whereas
a probability of <0.8 (80%) would be declared insufficient for
‘proof beyond reasonable doubt’ in all circumstances.

Ascribing a mechanism for the injuries
In general, evidence is given about the clinical diagnosis that is
made (with investigative support) and the degree of surety for
this diagnosis after all differential diagnoses have been considered and excluded. There is then a two-stage process: firstly
deciding on a traumatic origin, and then, secondly, on a nonaccidental traumatic origin. As a separate piece of evidence, the
doctor may then ascribe a mechanism for the injury with the
terminology that ‘in this case, the mechanism of injury is “consistent with” an impact (acceleration or deceleration) injury,
rotational (inertial) brain injury, an impact and rotational
injury, compression injury, a penetrating head injury, an
asphyxial brain injury, or a combination of these’.

Expert witnesses
It is essential to the judiciary that evidence from medical expert
witnesses is well researched, objective and free from preconceptions. Medical witnesses may find Practice Direction Dealing
with the Use of Experts in Family Proceedings Relating to Children (Justice 2008) and Handbook for Expert Witnesses in Children Act Cases (Lord Justice Wall 2007) to be useful guides.

37.1.11 Outcome
An overview of the outcome from SBS and other forms of
NAHI gathered from cumulated literature sources (Table 37.8)
shows that 20% suffered a fatal outcome and 59% had a severe
or moderate disability. A significant number of children (40%)
remain at risk of a further brain injury. Follow-up studies

37.1.10 Medical legalities
Burdens of proof
A preliminary ‘proof hearing’ in Scotland, which seeks to ensure
the child is ‘safe’ in matters of NAI, requires a lower burden of
proof – that is, the burden of proof is on a ‘balance of probability’ (>50% chance). For criminal proceedings the burden of
proof is ‘beyond reasonable doubt’ and higher than the usual
civil standard. Quantification of the probability of ‘proof
beyond reasonable doubt’ is an attempt to use probabilistic
arguments to define an upper and lower probability level. A
high probability of guilt based on a small amount of evidence
is quite different from a similar probability based on a large
evidence base; factors such as the severity of the penalty in
criminal cases may also influence jurors in the quantification of
‘proof beyond reasonable doubt’. Agreement on a precise upper

Table 37.8 An overview of outcome of non-accidental head injury
from cumulated literature.
Features

%

Features

%

Mortality

20.6

Seizures

30.2

Vegetative state

5

Microcephaly

50.7

Severe disability

34.2

Macrocephly

16

Moderate disability

25.2

Blind

14.8

Any motor deficit

38.2

Visual impairment

45.3

Quadriparesis

35.4

Cognitive

53.7

Hemiparesis

18.7

38.4

Cranial nerve

20

Behavioural/
emotional

Normal

10.9

Risk of further injury

40
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have shown an absence of ‘catch-up’ in neurodevelopment
over 3 months following NAHI compared with accidental
head injury (Haviland and Russell 1997; Ewing-Cobbs et al.
1999). Bonnier et al. (1995) described a ‘sign free interval’ following NAHI in which normal progress was followed by an
interruption of brain growth 4 months after the injury, long
tract signs emerging between 6 and 12 months, epilepsy after 2
years and neuropsychological signs between 3 and 6 years
subsequently.

37.2 Child abuse
Burkhard Madea and
Gerhard Kernbach-Wighton
Many medical disciplines have to deal with the diagnosis and
therapy of child abuse, predominantly paediatricians and – in
fatal cases – forensic pathologists. The diagnosis of child abuse
is often not just a simple diagnosis but requires knowledge from
different medical disciplines (paediatrics, neurology, ophthalmology, dermatology, surgery, forensic medicine, toxicology) to
reveal a solid diagnostic basis taking into account all differential
diagnoses of accidental trauma or confounding diseases.
The diagnosis of child abuse may have a number of legal
consequences (e.g. that the child is taken out of the family). To
avoid legal consequences against the treating physicians – in
cases of unreported suspected child abuse as well as in the event
of reported but not proven child abuse – the diagnosis has to
be confirmed and validated. Although the classic features of
child abuse have already been described by Ambroise Tardieu
(1818–1879), a French forensic pathologist, in 1860, the modern
recognition of the syndrome dates back less than five decades
(Kempe et al. 1962; Knight 1986). Since then many excellent
monographs and a huge extent of literature (clinical, experimental, legal, psychological) have been published (Helfer and
Kempe 1968; Trube-Becker 1982; Hobbs et al. 1993a; Kleinman
1998; Montelecone and Brodeur 1998; AAP 2000; Wynne 2003;
Saukko and Knight 2004; Stierling and AAP Committee on
Child Abuse and Neglect 2007; Jacobi 2008; Reece and Christian 2008; Smarty 2009; Squier 2009; Byard 2010; Madea et al.
2011). Programmes to protect children have been developed,
although national approaches differ widely as well as the legal
backgrounds.

37.2.1 Definitions and epidemiology
A standardised definition of child abuse has still not been
agreed upon. It has even been stated that a definition itself
could be controversial, as what appears unacceptable now may
have been considered as valid and desirable at other times
(Hobbs et al. 1993a; Banaschak and Madea 2007; Jacobi 2008).
A comprehensive definition should include:

•
•
•
•
•
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Physical abuse.
Neglect, deprivation and failure to thrive (FTT).
Mental or emotional abuse or neglect.
Sexual abuse
Münchausen syndrome by proxy.
Abuse is intentional, conscious or unconscious, physical or
mental harm occurring in families or institutions, thus in
systems of cohabitation, and causing damage and/or arrested
development or even death and, thus derogates or menaces the
welfare and rights of a child. Similar definitions are accepted in
most European countries (Wynne 2003; Smarty 2009). In the
UK, child abuse was formally defined by the 1999 Department
of Health guidelines and was redefined in 2000 (Department
of Health 2000):
• Physical abuse involves hitting, shaking, throwing, poi
soning, burning or scalding, drowning, suffocating or otherwise causing physical harm to the child which is actual or
likely.
• Fictitious (or factitious) illness by proxy is also included in
physical abuse.
• From a clinical perspective, the severity of an injury, the
number of injuries, the age of the child involved and any
previous injuries and other abuses (neglect, child sexual
abuse, emotional abuse) are all forming part of the jigsaw
leading to the diagnosis of physical abuse.
In the United States, child abuse is defined by the Child
Abuse Prevention and Treatment Act (CAPTA) of 1974 as ‘Any
recent act or failure to act on the part of a parent or caretaker
which results in death, serious physical or emotional harm,
sexual abuse or exploitation, or an act or failure to act which
represents an imminent risk of serious harm’ to a child under
the age of 18. Child abuse is not only an intentional act but
might also be the result of carelessness by a parent or caretaker.
While gross forms of abuse are self-evident, abuse to lesser
degrees of trauma may raise the question whether certain injuries resulted from deliberate battering, inexpert rough handling
or an accident. The pathognomonic symptomatology of physical abuse comprises signs of repeated impacts of violence that
become manifest in injuries of different ages or that cannot be
caused by a single act of violence (multitemporal).
The American paediatrician Henry Kempe (1922–1984)
created the term ‘battered child syndrome’ in 1962 when he first
identified injuries and or patterns of injuries as a result of
parental violence (Helfer and Kempe 1968). For a long time
period of time, signs of external violence were usually interpreted to be accidental. For instance, in 1946, Caffey described
a combination of chronic SDH and (multiple) fractures of the
long bones in children (Caffey 1946). He was convinced of the
traumatic origin of these injuries, however the mechanisms by
which they occurred were obscure. It seems that at this time
nobody could imagine that such injuries were the result of
physical child abuse caused by carers.
According to crime statistics, physical child abuse is apparently a rare type of crime. Nevertheless, the estimated frequency
of unreported cases is high and there is – at least in Germany
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and in contrast to other countries – no legal obligation to report
suspected cases to the police. According to a 2003 UNICEF
study, 523 children died due to non-accidental external violence
in Germany in the previous 5 years (among them 148 children
younger than 1 year old). Almost 3500 children under the age
of 15 die from maltreatment (physical abuse and neglect) every
year in the industrialised world. Every week two children die
from abuse and neglect in Germany and the UK, three children
in France, four in Japan and 27 per week in the USA. The risk
of death by maltreatment is approximately three times higher
for children aged under 1 than for those aged 1–4 years, who
in turn face double the risk of those aged 5–14 years (UNICEF
2003).
According to a World Health Organization (WHO) study,
2.2 boys and 1.8 girls aged under 5 years per 100 000 children
die due to non-accidental trauma (Klug et al. 2002). In the USA
16.5 children among 1000 were found to be victims of abuse in
2005. Child neglect was the most frequent form of abuse followed by physical abuse in 16.6% of all reported cases. In
Canada the rate of substantiated child maltreatment was 21.71
per 1000 in 2003, 10% of which involved physical harm. In
England in 2001, 24 children in every 10 000 were abused, 7300
of whom were victims of physical harm.
Child abuse is defined as an intrafamiliar incident with no
independent witnesses. The main issues to be considered
(Hobbs et al. 1993a; Wynne 2003; Smarty 2009) appear to be:
• Lack of awareness of witnesses and treating physicians.
• Misjudging injuries to be the result of accidents.
• Children’s dependence on their parents.
• Abused children are usually too young to report what
happened.

Criminology of child abuse
• Infants (2–4 years old) are notably at risk. About 75% of

•
•

•
•
•

all cases affect children <7 years. Often one child of several
siblings is concerned; if this child is taken out of the family
protective measures regarding the siblings (risk of recurrence) should be considered.
Unwanted, handicapped children are in particular danger.
Offenders are parents of younger age or partners of the
mother; all kinds of social background are involved. Men are
thought to be more often ‘active’ abusers, women more often
‘passive’ abusers.
Most cases take place at home with mothers hitting more
often than fathers, but men causing more damage.
The act is mostly impulsive and takes place in stressful situations (lacking frustration tolerance); alcohol abuse is considered as a supporting factor.
The persons responsible for the care and custody of a child
provide no or only insufficient explanations for injuries,
with the explanations differing partly or being adapted to
the diagnostic findings. In some cases, siblings are made
responsible for injuries, or an awkwardness of the child is
said to be the reason for the injuries seen.

• A doctor is consulted with temporal delay although the injuries are obviously severe. Older and untreated injuries are
present.
• When pre-treating physicians are contacted, it becomes
obvious that there was not continuous treatment but several
different doctors were consulted (so-called ‘doctor hopping’).

37.2.2 Physical examination
There are many different types of physical child abuse and it is
the task of any physician to provide the right interpretation of
an injury, its nature and origin, but also to not overinterpret
lesions. In the case of an injury that is detected during an
examination of a child, or if a child is taken to a doctor because
of an injury, an examination of the unclothed whole body of
the child is indispensable.
In the case of infantile injuries, physical abuse has to be
considered as a differential diagnosis. A thorough physical
examination with a clear documentation of findings forms the
basis for any further management of the individual case.

Types of injuries
There is a large variety of injuries in cases of child abuse, from
superficial wounds to severe life-threatening conditions. Most
injuries in child abuse are due to blunt force impacts and are
caused manually by hitting or beating with the hands, shaking,
throwing or dropping (Hobbs et al. 1993b; Banaschak et al.
2003; Wynne 2003; Saukko and Knight 2004; Banaschak and
Madea 2007). Frequently instruments like sticks or belts are
used. Burning, scalding and suffocation are seen less often. Suffocation and poisoning play important roles in Münchausen
syndrome by proxy (Noeker and Keller 2002; Banaschak et al.
2003; Wynne 2003; Musshoff et al. 2008; Kirschbaum et al.
2009; Noeker et al. 2010). Shooting, strangulation and stabbing
are seen in classic homicides during childhood. Injuries originating from child abuse can be classified as follows:
• Superficial (dermatological): bruises, abrasions, lacerations,
scratches, bites, stab wounds, pin pricks, pinch marks, ligature marks, broken or avulsed hair or nails, burns or scalds,
chemical injuries.
• Deeper lesions: haematomas, cephalohaematomas, mouth
injuries (tear of lip frenulum), strangulation.
• Fractures, dislocations, wrenched limbs and periosteal
injuries.
• Thoracolumbar internal injuries: stomach, intestines, solid
organs, lungs.
• Intracranial (including eyes) and spinal injuries: whiplash,
shaking, SDHs, epidural haematomas, cerebral haemorrhages, contusions or oedema, spinal cord injuries.
• Asphyxia, drowning and poisoning.
• Fabricated disorders (Münchausen syndrome by proxy).
While all types of violence can occur in cases of child abuse,
injuries due to blunt force are seen most frequently. Most skin
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Table 37.9 Consequences of different forms of blunt violence. Reproduced with permission from Madea (2007), © Springer.
Violence

Injury

Ear pulling

Pulling the ear lobe

Hair pulling

Pulling the hair, bald areas

Beating the head

Haematomas, lacerations, scars

Biting

Dental impression, oval or semilunar haematomas

Forceful gripping

Traces of grips, haematomas measuring 0.5–2.5 cm, possibly grouped, trace of the
thumb at the opposite side

Pinching

Uncharacteristic haematomas, possibly abrasions from fingernails

Traces of grips

Haematomas at arms or at sides of the thorax

Captivation

Erythema, abrasions, haematomas at joints

Violent feeding

Injuries of oral mucosa including frenulum of upper and/or lower lip (by opening with
spoon or bottle), broken teeth

Beating with flat hand

Formed haematomas of the cheek, retroauricular haematomas (ENT examination),
myringa rupture

Beating with fist

Eyeglass haemorrhage (injuries of the eye), haematomas of oral mucosa including break
off of tooth, rupture of inner organs (liver, spleen, gastrointestinal organs) in front of
the spine (without external signs of injuries!)

Beating with knuckles

Roundish haematomas arranged side by side

Beating with stick or similar item

Double striae design (fine striped haematomas with central fading)

Beating with other items (e.g. belt,
coat-hanger, leg of a chair)

Extensive haematomas, typical localisation on the back of the body (bottom, back of
legs), possibly defending injuries on arms

Kicks

Possibly impression of shoe profile; be aware that kicks to the abdomen could cause
severe injuries without external signs (see beating with fist)

Dropping, throwing against a wall

Extensive haematomas, skull fractures, etc.

ENT, ear, noise, throat.

and bone lesions raise suspicion of child abuse and a classic
aphorism by forensic pathologists says: ‘The skin and bones tell
a story which the child is either too young or to frightened to
tell’ (Cameron et al. 1966).

Blunt force
Typical types of blunt violence and their consequences are summarised in Table 37.9 and shown in Fig. 37.8.
Inflicted bruises show a number of different patterns. Hand
marks (arms, trunk, cheeks) are common (Fig. 37.9). While
accidental injuries may often involve unprotected parts of the
body like shin bones, knees or elbows, injuries of ‘protected’
areas (backside, thighs, chest) should raise suspicion of whether
physical abuse happened (Hobbs et al. 1993b; Wynne 2003).
Hand marks may be seen as grab marks or fingertip bruises, for
example on the limbs, face and chest wall (Figs 37.10 and
37.11). Another form of appearance is a hand print or linear
finger mark (e.g. on the cheek). Slap marks – often two or three
vaguely finger-sized linear marks – are observed with a stripe
effect. Rings may leave a tell-tale mark. Bruising around the

Figure 37.8 Four-month-old child with a haematoma of the left
cheek and forehead, taken to hospital by the parents after a ‘fall
from the table’ immediately prior to hospitalisation. The child
died 4 weeks later due to hypoxic brain damage. Bruises on the
cheek and forehead were not recent and there is a typical hand
mark on the left cheek caused by hitting with the right hand.
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Figure 37.9 Typical hand mark on the left cheek with a hand
print.

(a)

(b)
Figure 37.11 (a) Accidental injuries in unprotected areas like the
chin, knee, elbow and forehead. (b) Inflicted injuries in
‘protected’ areas like the back, buttocks, chest, cheek and top of
the scalp. Reproduced with permission from Madea (2007),
© Springer.

Figure 37.10 Bruises on the back showing typical fingertip
bruises.

limbs (wrist, forearm, upper arm, thigh) are due to gripping
the child. Bruising on the backside and back are due to being
beaten with a hand or a strap. Bruising of the face originates
from beating with the hand, with the cheek, mouth, ear and
forehead commonly involved. The upper lips may be swollen,

the inner lips lacerated and the upper lip frenulum damaged.
Bruises on the chest and back usually originate from punctual
finger pressure. Deep visceral injuries with liver lacerations or
rupture of the pancreas and duodenum may occur without
visible external signs of violence over the abdomen (Kirschner
and Wilson 2001; Ludwig 2001; Gaines et al. 2004; Barnes et al.
2005; Roaten et al. 2005).
Of special importance is ageing of the bruises. The observed
age may be contradictory to the history given by the parents or
bruises of different ages may indicate injuries happening at
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Table 37.10 Ageing of bruises according to different authors.
Reproduced with permission from Hobbs et al.
(1993a), © Churchill Livingstone.
Classification
scheme
Scheme 1

Scheme 2

Age

Colour

Injuries

Defensive statement

Examination

0–2 days
0–5 days
5–7 days
7–10 days
10–14 days (or more)
2–4 weeks

Swollen, tender
Red, blue, purple
Green
Yellow
Brown
Cleared

Multiple
haematomas

Constitutional
haemorrhagic
diathesis

Coagulation status

(Multiple)
fractures

Constitutional bone
fragility

X-ray examination,
possibly additional
biochemical
examinations

Recent (24–48 h)

Reddish, purple,
swollen, tender
Brownish purple
Brownish green
Yellow

Skull fractures

Fall (from changing
table, at attempts
at walking, from
playground
equipments), fall
down the stairs

Cranial computer
tomography
(possible
intracranial
injuries)

2–3 days
4–7 days
7+ days

30

Blue

Yellow

Number of cases

25

Brown

20
15
10

Green

5
0

2

Table 37.11 Examinations are decisive from a forensic point of
view in order to disprove defensive statements.
Reproduced with permission from Madea (2007),
© Springer.

4

6

8

10

12

14

16

18

20

Days after injection
Figure 37.12 Ageing of bruises after subcutaneous injection of
the patient’s own blood. Fresh bruises are reddish-purple in
colour, but already after 24 hours the colour has begun to turn
to yellow as well. Reproduced with permission from Madea
(2007), © Springer.

different times. Tables 37.10 and Fig. 37.12 give some hints for
ageing bruises. There is, of course, a great interindividual variability of colour changes and it is impossible to give an exact
age of bruises from their colour alone. Therefore it is of utmost
importance to document the colour and the demarcation of
bruises instead of giving a too precise estimation of their age
(Hobbs et al. 1993b; Schwartz and Ricci 1996; Wynne 2003;
Maguire et al. 2005; Madea 2007).

Interpretation of injuries
Injuries caused by accidents and injuries originating from
abuse can be differentiated by the location of the injury. Injuries
due to falls are seen at prominent areas of the head, such as the
forehead, chin or zygomatic bone, whereas injuries due to
abuse are seen over the corona of the head, cheeks and mouth

(see Fig. 37.11) (Hobbs et al. 1993b; Wynne 2003; Saukko and
Knight 2004; Banaschak and Madea 2007).
In cases of an alleged accident the following questions have
to be answered concerning their plausibility:
• Could the injuries be caused by this accident?
• Does the type of injury correspond to the reported accidental mechanism?
• Is the accidental cause of the injury plausible given the
child’s stage of development?
• Do the injuries originate from different times and cannot be
caused by a single accident?
In cases of alleged falls, the plausibility of the history can be
checked by the following points (Hobbs et al. 1993b; Wynne
2003):
• Are the injuries localised in areas that are exposed to falling?
• Does the reported height of the fall correspond to the degree
of the injuries (not only concerning the bony injuries but
also cerebral injuries)?
Explanations often used by carers, and the examinations
required, are summarised in Table 37.11. In many cases a clear
medical opinion and distinct judgment can be difficult; it is
often easier to exclude the version given by the carers (bruises
not matching with the reported history) than to find reliable
answers to the question of how the injuries were caused. Thus,
the criminal prosecution of a case might be complicated, especially if explanations are adapted to the medical findings.

Bone injuries
Fractures due to abuse are mostly seen in younger children (<3
years). A massive act of violence is necessary to fracture an
infantile bone since these are still flexible. In children presenting with fractures, the most commonly involved bones are
the skull, ribs, humerus, femur and tibia (Fig. 37.13). Some
general points can be made about fractures and bony injuries

730

PART V   CLINICAL FORENSIC MEDICINE

(a)

(b)

(c)

(d)

(e)

(f)

Figure 37.13 Two-month-old child who was hospitalised due to suspected child abuse with haematomas of the left cheek (a), right
cheek (b), left ear (c) and scratches of the left upper eyelid and right axilla (d). The child was released from hospital and the court
ordered a daily supervision of the family by a child protection agency. Two weeks later the child was taken to another hospital with
a fracture of the right thigh (e, f).
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Table 37.12 Fractures associated with non-accidental injury. From Wynne (2003); after Hobbes et al. (1999b) and Spevak et al. (1994).
Abusea

Bone

Fracture

Accident

Rib

Posterior more than anterior/lateral

Rare – road traffic accident, not cardiopulmonary resuscitation

+++

Humerus

Spiral/oblique
Metaphysisb

+
Rare

++
+++

Forearm

Shaft

Common

Direct blow

Femur

Spiral/oblique
Metaphysisb

Uncommon
Rare

++
+++

Tibia

Spiralc

Uncommon

++

a
The scale +, ++, +++ indicates the strength of the association with abusive fractures. Skull: long, wide, branched fractures that cross suture lines ±
depression are associated with abuse.
b
Metaphysical fractures are important as damage results from indirect trauma through this relatively fragile growing tissue. They have a strong association
with abuse (i.e. pulling, twisting, shaking) and are often multiple.
c
‘Toddler fracture’ is a non-displaced spiral fracture of the tibia seen in children who have just started to walk/run and fall twisting their legs beneath them.
The child has the usual symptoms of pain, disuse and swelling (sometimes bruising).

(Hobbs et al. 1993b; Spevak et al. 1994; Kleinman 1998; Stöver
2007):
• Fractures are sudden and painful, leading to immediate loss
of function. Most of the children are found crying.
• If children are said by the carers not to cry or express
pain otherwise, it has to be clarified why. Abused children
are sometimes simply too frightened to complain and
such a frozen and watchful child can be recognised in the
accident and emergency department (Ounstead 1975). This
type of behaviour is mostly seen in cases of chronic child
abuse.
• Children do not continue to walk or play in a normal way
once they have sustained a fracture, but parents who have
abused the child may ignore the injury.
• Pain is at its maximum immediately after the fracture and
swelling, bleeding and bruising usually take a while to fully
develop. As these develop, pain may decrease.
• Many fractures show no externally visible bruising.
• Although many of the fractures seen in abused children
involve areas of the bone being dislodged from the main
shaft or incomplete (greenstick) breaks, all the classic
medical signs of a fracture are not always present. Loss of
function is the most important symptom of a recent
fracture.
• Accidental bone injuries are uncommon under the age of 12
months and require further investigation.
Patterns of fractures and bony injuries in case of abuse
(Table 37.12) include:
• Single fractures, for example of the humerus, with excessive
unexplained bruising.
• Multiple fractures of various bones at different stages of
healing (classic battered baby syndrome).
• Metaphyseal–epiphyseal fractures at the end of long bones
(these may often be numerous following violent shaking and
be associated with head injury including SDH).
• Rib fractures, single or multiple.

Table 37.13 Radiological findings and possible cause of injuries.
Reproduced with permission from Madea (2007), ©
Springer.
Radiological findings

Cause of injuries

Soft tissue oedema

Contusion, forceful gripping,
tractive forces, twisting

Periosteal calcification
of the long bones

Calcification of subperiosteal
haematomas

Ruptures of metaphysis
(corner signs),
detachment of
epiphysis

Overstretching and overexpanding
of joints (ruptures derive from
traction of the joint capsule at
the osseous base)

(Paravertebral) rib
fractures

For example in cases of shaking of
babies caused by crude
compression of the thorax; in
older infants caused by foot kicks

Horizontal fractures of
long bones

Direct impact of force, bending

Diagonal fractures of
long bones

Bending or compression

Spiral fractures

Axial turn

Horizontal fractures of
long bones

Bending or axial turn with axial
impact

• Periosteal new bone formation.
• Skull fracture with additional intracranial injury.
Rib fractures due to resuscitation do not occur in children
(Spevak et al. 1994). Bone fractures can be poor in symptoms
or may even occur without any symptoms, especially in babies.
There may be local swelling but no visible bruising. Characteristic radiological findings and mechanisms for the causation of
these types of injuries are summarised in Table 37.13. The
periosteum can quite easily be detached in children, thus subperiosteal haematomas occur rather frequently. X-ray findings
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indicating a potential child abuse are single fractures with multiple bruises, multiple fractures of different ages and rib fractures (Kleinman 1998; Stöver 2007).
Higher specifity for abuse is given to the following fracture
types:
• Metaphyseal lesions (these represent a high specificity for
abuse).
• Cartilaginous epiphyseal plate injury.
• Transverse, oblique and spiral shaft fractures.
• Subperiosteal new bone formation.
The following fractures have a lower specifity for abuse:
• Narrow, linear, parietal skull fractures.
• Shaft fractures of long bones.
• Clavicle injuries.
• Single fracture at different localisations.
Dating of injuries and healing of fractures is imprecise in
most of the cases (Table 37.14).

Thermal injuries
Ten per cent of all abused children show injuries caused by an
influence of heat. It is assumed that up to 25% of all children

Table 37.14 Healing of fractures. Reproduced with permission
from Wynne (2003); after Chapman (1992).
Feature

Time scale

Soft tissue swelling over the fracture

Immediate to weeks

Periosteal new bone evident

4–21 days

Loss of clarity around fracture site

10–14 days

Soft callus

10–21 days

Hard callus

14–42 days

Remodeling

3–12 months

(a)

with treated thermal injuries are victims of abuse. The characteristic pattern of thermal injuries usually allows a ‘visual diagnosis’. The impact of wet heat (scalds) (Fig. 37.14) and dry heat
(contact burns by pressing body parts towards hot items, as
with cigarettes) (Fig. 37.15) should be differentiated. An impact
of flames or current, thermal injuries caused by rubbing, chemical burns and an impact by heat emission (radiation) are rather
rare causes of thermal lesions in children. Scalds are more frequently seen than burns. The depth of a lesion (degree of cutaneous burn) depends on the temperature and duration of the
impact of the heat (Moritz and Henriques 1947; Moritz 1947;
Banaschak and Madea 2007) (Fig. 37.16). It has been assumed
that infantile skin exposed to temperatures above 60°C gets
injured four times faster than adults’ skin. Large-scale skin
damage in children rapidly becomes life-threatening because of
extensive fluid loss.
Typical accidental scalds occur when children start to
straighten up and are capable of, for example, lifting them
selves with the help of a tablecloth and, thus, items lying on
the table may be moved and fall onto the child (cups with
hot liquids, etc.). The scalds show characteristic criteria (Table
37.15) and affect the face, shoulders, upper arms and chest.
Splash marks are typical when hot liquids are poured over
the child or when the child falls into a bathtub filled with hot
water (Fig. 37.17). Even young children tend not to stay in their
original position when unintentionally exposed to hot water.
Rescue efforts might be uncoordinated due to the individual
stage of development, which also causes unsteady patterns of
injury.
Intentional scalds are subdivided into two types: (i) intentional sousing of hot liquids; or (ii) intentional immersion into
hot liquid. Immersion can involve either the extremities (see
Fig. 37.14), the face or even the whole body (e.g. bathing in
water that is too hot). In these cases, typical symmetrical scalding marks can be seen. Forced immersion scalds usually show
clear lines of demarcation. If clothes are worn this may lead to

(b)

Figure 37.14 (a, b) Typical immersion injury with a sharp margin between healthy and injured skin corresponding to the water level.
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Figure 37.15 Contact burn with complete reproduction of the hot surface of a flat iron on the skin. Reproduced with permission from
Madea (2007), © Springer.
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Figure 37.16 Time–surface temperature thresholds at which cutaneous burning (scalding) occurs. The broken line indicates the
threshold at which irreversible epidermal injury occurs in porcine skin. The solid line indicates the threshold at which epidermal
necrosis of porcine skin occurs. The results of critical experimental exposures of human skin are indicated by points. Exposure time is
given in seconds, with the surface temperature of the skin. Original data from Moritz and Henriques (1947); reproduced with permission
from Madea (2007).

a deeper scald since wet clothes preserve heat. However, differentiation between intentional or accidental sousing based on
the described characteristics might be difficult.
Burns are caused by the impact of hot items or flames. The
characteristic features of injuries caused by contact burns are
summarised in Table 37.16. Accidental impacts by flames can
be caused, for example, at barbecues in the summer (inappro-

priate use of methylated spirits). Since this is always a dramatic
incident it rarely happens unobserved and results in direct
admission to hospital. Injuries caused by flames (matches, cigarette lighters) are considerably smaller and show more irregular
shapes.
Injuries caused by intentional exposition to cold (e.g.
showering with cold water, locking in non-heated rooms) are
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Table 37.15 Differential diagnoses of accidental and nonaccidental scaldings. Reproduced with permission
from Madea (2007), © Springer.

Table 37.16 Characteristics of accidental and non-accidental
contact burns. Reproduced with permission from
Madea (2007), © Springer.

Accidental scalds

Non-accidental immersion

Accidental contact burns

Intentional contact burns

Unsteady pattern of the injury
(scalds of different depth)

Steady depth of scald

Diffuse limitation between scalds
and healthy skin (at the
borders the scalds are rather
less pronounced due to cooling
of the water)

Sharp margin between
healthy and affected
skin (water level might
be reproduced on skin
like a map)

Partial reproduction of the
item, potentially the item
only grazed the skin

Complete reproduction with
clear outline (cigarette,
electric iron, hotplate, etc.)

Lower depth of the wound
since the body or the item
was not fixed

Constant depth of the wound
due to pressing the child
on the item or pressing the
item on the child’s body

Extremities show scalds in form
of splashes (e.g. on feet)

In cases of immersion of
extremities, scalds are
in the form of gloves or
socks

In cases of scald of the thorax,
the scald is usually configured
like an arrow (water running
down the body)

In cases of immersion of
the face, there are no
signs of running water

diseases are a special case. All traumatic changes to the eyes
might be the consequence of abuse (haemorrhages within all
anatomical structures, rarely rupture of the eye balls). Retinal
haemorrhages are of special importance. In cases of suspected
child abuse of children under the age of 4 years, an ophthalmological examination should be performed.

37.2.3 Differential diagnoses
False-positive diagnoses of child abuse may have dramatic consequences for the family concerned. In order to avoid misdiagnoses differential diagnoses always have to be taken into
consideration (Hobbs et al. 1993a; Wynne 2003) (Tables
37.17–37.19).
The application of complimentary or traditional cures (e.g.
of Asian or African origin) might cause dermal changes that
resemble – seen through the eyes of a person with a European
cultural background – consequences of abuse (e.g. formed
haemorrhages, formed burns caused by cupping).
Rare diseases also have to be taken into account, as in for
example the Gardner–Diamond syndrome (painful bruising
syndrome) (Gardner and Diamond 1955; Berendt et al. 2001;
Hagemeier et al. 2011) (Fig. 37.18).

37.2.4 Münchausen syndrome by proxy

Figure 37.17 Irregular shape of a scald when hot liquids have
been poured over the body.

extremely rare. Cases of hypothermia have been described for
children who were generally neglected (Madea et al. 2003).

Injuries of the eyes
In rare cases, injuries to the eyes may be the first indication of
child abuse. Injuries of the eyes caused by sexually transmissible

Münchausen syndrome by proxy (MSbP) is a disorder in which
one of the parents (often the mother) affirms that the child
shows symptoms of an illness or symptoms of an illness are
caused (‘fabricated’) by this person using manipulation (giving
non-prescribed drugs, especially hypnotics and sedatives, provoking of life-threatening situations (partly suffocation)). The
attention gained by the mother seems to be of main relevance.
Typical perpetrators seem to be amenable, caring and rather
overprotective. The incidence of this particular syndrome is
not known. Withdrawal of the children may be necessary since
other solutions are lacking. The symptoms most commonly
seen include: vomiting, diarrhoea, bleeding, fever, convulsions,
drowsiness and coma.

Table 37.17 Differential diagnoses of symptoms of child abuse. Reproduced with permission from Madea (2007), © Springer.
Symptoms

Pathological reasons

Examination

Haematomas

Congenital or acquired coagulation defects, e.g. haemophilia, haemorrhagic
diathesis, Henoch–Schoenlein purpura, leukaemia, vasculitis

Haemogram, coagulation
disorders?

Discolouration of skin

Naevi, haemangioma

Dermatological
examination

Questionable thermic
changes

Eczema, erythema nodosum, erythema multiforme, photodermatitis,
staphylococcal impetigo, Lyell’s syndrome, bullous dermatosis, papular
urticaria, nappy dermatitis, contact dermatitis

Dermatological
examination

Questionable signs of
hair pulling

Alopecia areata

Dermatological
examination

Patchy distribution of
retinal haemorrhages

Acute hypertonia, fulminant meningitis, vasculitis, sepsis, endocarditis,
coagulopathies, leukaemia, cyanotic congenital cardiac defect, status
after vaginal birth (rarely persistent for longer than 2 weeks)

Appropriate additional
examinations

Fractures

Osteogenesis imperfecta, copper deficiency, pathological fractures,
rachitis, scurvy, congenital syphilis, osteomyelitis, neurological diseases,
hyperostosis corticalis

X-ray pictures, bone scan,
appropriate additional
examinations

Table 37.18 Differential diagnoses of some morphological changes encountered in the abuses child.
Reproduced with permission from Pearn (1989); from Oehmichen et al. (2006).
Sign

Confounding diseases

Fractures

Osteogenesis imperfecta
Menkes’ syndrome
Atypical skull suture line

Scars

Chickenpox lesions resembling cigarette burns

Bruising

Haemophilia
Hypersensitivity vasculitis
Bacteraemia with disseminated intravascular coagulopathy
Folk medicine (‘pseudobattering syndrome’)
Oriental folk medicine phytophotodermatitis
Mongolian spot
Erythema multiforme

Retinal haemorrhages

Resuscitation retinopathy (Purtscher’s retinopathy)

Table 37.19 (a) Differential diagnosis of bruising. Reproduced with permission from Wynne (2003), © Greenwich Medical London.
Presentation

Differential diagnosis

Features

Investigation

Bruise?

Blue spots, haemangioma, café-au-lait

Static lesion, no evolution
over time

Follow-up

Bruise?

Bleeding disorder – idiopathic
thrombocytopenic purpura, haemophilia

Bruises easily

Low platelets, factor VIII ↓

Bruise?

Allergy – periorbital swelling

History of allergy

↑ IgE, eosinophilia

Bruise?

Ink, paint, dirt

Washable

Soap and water

Table 37.19 (b) Features of haematological disorders that can be confused with non-accidental bruising. From Wynne (2003).
Disease

Platelet
count

Bleeding
time

Partial thromboplastin
time (PTT)

Prothrombin
time (PT)

Factor
VIII level

Factor
IX level

Idiopathic thrombocytopenic purpura

Low

Normal

Normal

Normal

Normal

Normal

Haemophilia

Normal

Normal

Prolonged

Normal

Low

Normal

Von Willebrand’s disease (defective
platelet aggregation)

Normal

Prolonged

Normal/prolonged

Normal

Low

Normal

Factor IX deficiency

Normal

Normal

Prolonged

Normal

Normal

Low
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(a)

(b)

(c)
Figure 37.18 (a, b, c) Painful bruises in three brothers and sisters over the shoulders, back and arms, probably due to Gardner–
Diamond syndrome although the aetiology was unclear and probably induced by psychological stress. There was no report of violence
by the children, and they complained of similar findings when they previously had some sort of psychological stress.

Involvement of drugs can only be proved by chemical–
toxicological examinations (immediate taking of blood and
urine samples is thus necessary). There are a number of clinical
features suggesting abusive poisoning (Box 37.1) and also differential diagnostic criteria for accidental versus deliberate poisoning (Noeker et al. 2002, 2010; Musshoff et al. 2008; Reece
and Christian 2008; Kirschbaum et al. 2009) (Table 37.20).
Clinical characteristics of MSbP are:
• Symptoms only occur in the presence of the person who is
reporting.
• Symptoms frequently diminish in hospital after separation
from the parent.

• Missing verification of pathological findings beside intensive, even invasive, diagnostic procedures.
An important pathognomonic feature is the perpetrator’s
motivation to achieve a sick role for the child and, especially,
access to intense health care services via manipulation of symptoms shown by the child and repeated presentation for outpatient and inpatient assessment and treatment. This psychological
gain distinguishes MSbP from simulation and malingering as
well as from distorted health anxiety in mothers with exaggerated health care behaviour.
There has always been confusion about who should make
a diagnosis of MSbP: a psychiatrist or a paediatrician? Is it a
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Box 37.1 Clinical features suggestive of abusive poisoning.
From Bays and Feldmann (2001) and Oehmichen et al. (2006).
Age
• Younger than 1 year or between 5 and 10 years old
History
• Non-existent, discrepant, inconsistent or changing
• Does not fit child’s development
• Previous poisoning in this child
• Previous poisoning in siblings
• Does not fit circumstances or scene
• Third party, often a sibling, is blamed
• Delay in seeking medical care
Toxin
• Multiple toxins
• Substances of abuse
• Bizarre substances
Presentation
• Unexplained seizures
• Life-threatening events
• Apparent sudden infant death syndrome
• Death without obvious cause
• Chronic unexplained symptoms that resolve when the child is
proctected
• Other evident of abuse or neglect

diagnosis to be applied to the parent(s) or the child? Is it
a paediatric or a mental health diagnosis? To alleviate confusion, the American Professional Society on the Abuse of Children has recently made a more explicit distinction between

the abuse (paediatric condition falsification) and the presumed
motive behind most such cases (factitious disorder by proxy).
Whatever it is named, it remains important to remember that
harm incurred when a caregiver exaggerated, fabricated or
induced symptoms of a medical condition, which may still
simply be termed ‘child abuse, which happened to occur in a
medical setting’. This description reminds us that the focus of
medicolegal intervention should always be to identify and minimise harm to the child regardless of the motivation of the
perpetrator.
Clinical features suggestive of abusive poisoning are summarised in Box 37.1 (Bays and Feldmann 2001). In appropriate
cases detailed toxicological investigations have to be carried
out on blood (serum), urine and hair (hair growth c. 1 cm
per month, giving verification of deliberate poisoning over
a longer period of time). Diagnostic criteria which may be
helpful in the differential diagnosis of poisoning can be found
in Table 37.20.

37.2.5 Lethal child abuse
Lethal child abuse comprises cases of death caused by external
violence or by intoxication. Although death is not intended in
most of the cases it is nevertheless accepted as a possible consequence of an act of abuse. Intentional murder (in cases of
extended suicide, murder of newborn babies or homicide in
order to conceal another crime) is not a variant of lethal child
abuse (Madea et al. 1991; Schmidt and Madea 1995; Banaschak
et al. 2003; Madea 2005a, 2005b, 2012).

Table 37.20 Poisoning – is it accident, neglect or deliberate?
Accident

Neglect

Deliberate

Age

2–3 years
Rarely older child

2–3 years
Rarely older child

Infancy to 3 years
May be any age

History

Usually clear – makes sense

Variable – due to social
chaos

None – but ill child
History of accidental ingestion
Recurrent symptoms

Symptoms

Uncommon, <15%
>1% need intensive care
Rarely fatal

Uncommon, <15%
>1% need intensive care
Rarely fatal

Common
Seizures, drowsy, vomiting diarrhoea
Dead

Substance

Drugs – analgesics, anxiolytics, cough
medicine, oral contraceptive, iron
Household – bleach, detergent,
petroleum product

Past history

Nil

Repeated ingestions
Increased incidence SIDS
Known to SSD

Other unexplained child deaths in family
including SIDS
Other abuses

Diagnosis

History equates with clinical signs
Confirmed if necessary by
toxicological investigation

As accidental

History usually at variance with clinical signs
Ask advice of toxicologist – blood, urine samples
Think of possibility – parents’ behaviour may be
bizarre, but present as caring and concerned

Drugs – analgesics, antidepressants, anxiolytics,
anticonvulsants, insulin, etc.
Other – salt, bicarbonate of soda, corrosives, etc.

SIDS, sudden infant death syndrome; SSD, social services department.
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The victims are usually children younger than 4 or 5 years
and the perpetrators are in the majority of cases male (father,
friend/partner of the mother). If there are any signs of external
violence at the postmortem examination of a child, a case of
lethal child abuse has to be taken into consideration. In about
10% of all cases of lethal child abuse there are no external signs
of violence injuries. In cases of suspicion there is a duty of the
doctor in charge to inform the police of an unnatural or unclear
manner of death.
Frequent autopsy findings include craniocerebral injuries
caused by blunt force violence or shaking, which are dominate
causes of death. Apart from actual injuries leading to death,
signs of preceding violence can often be seen. Postmortem
X-ray examination should therefore always take place.

37.2.6 Physical neglect
Deprivation of necessary care, including sufficient nourishment and hydration, represents a frequent, passive type of child
abuse. The incidence of physical neglect is usually not known.
In most cases of physical neglect the perpetrators are female
since it is usually the mother who cares for the child. In particular, unwanted children or children of ill mothers (addictive and
psychiatric disorders) are at risk. Cases of physical neglect affect
almost exclusively babies or infants (below 3 years of age) who
are – due to their early stage of development – dependent on
the care of others.
The assessment of the condition of care of a child is a visual
diagnosis. Untreated dermal alterations, in particular, have to
be paid attention to. In order to evaluate the physical development of a child, he or she has to be compared with the normal
percentiles with regard to weight and height. The Waterlow
classification provides further information on the degree of
possible chronic growth retardation and acute malnutrition
(Madea 2005b, 2012) (see Chapter 25).

• Submitted history (presenting symptoms) being changed
after initial presentation.

• Discrepancy in the case histories given by each parent or
caregiver separately.

• A history incompatible with (or very unlikely at) the age and
development of the child.

• Explanation given inconsistent with physical findings.
• Ambivalence or hostility of the parent or caregiver.
• Injuries blamed upon a sibling or another child.
Common explanations given by carers to explain injuries
suffered by infants or children under their care (Kirschner and
Wilson 2001; Oehmichen et al. 2006) are, for example:
• The child fell from a low height (<1.25 m or 4 feet) such as
a couch, crib, bed, chair or down stairs or a hard object fell
onto child (accident).
• Alleged traumatic event 1 day or more prior to death
(accident).
• Unexpectedly found dead (sudden infant death syndrome?).
• Child choked while eating or suddenly turned blue or stopped
breathing, and was then shaken (for resuscitation).
• Sudden seizure activity.
• Aggressive or inexperienced cardiopulmonary resuscitation
to a child who suddenly stopped breathing.
• Injury inflicted by sibling.

37.2.8 Documentation
A clear documentation of all findings is of utmost importance
for the further management of a case (Box 37.2). The following
points have to be documented in clinical records:
• Condition of care (abused children are often neglected and
undernourished).
Box 37.2 Important points for examination and documentation.
Reproduced with permission from Hobbs et al. (1993a),
© Churchill Livingstone.

37.2.7 Taking the case history

•

When the history of a case of suspected child abuse is taken,
essential sources of information are:
• Information from pre-treating physicians (general practitioner, accident and emergency doctor or nurse).
• Health visitor, school nurse or midwife.
• Paediatric nurse (if child is or has been in hospital).
• Other individuals, such as a probation officer, obstetrician,
adult psychiatrist and staff, or pathologist, can occasionally
provide help.
• Other sources, such as other hospitals, city councils and
armed forces units.
Suspicion of child abuse has to be raised under the following
conditions:
• Unexplained delay in seeking treatment, although severe
injuries are obvious.
• Consultation with different paediatricians (‘doctor
hopping’).

•
•
•

•

Full paediatric history, including careful note explanations of
injury, times, details, etc.
Developmental history
Parent’s expressed difficulties with child: behaviour, health,
development
Detailed examination of whole child to include:

growth: height, weight, arm circumference, head circumference (plotted)

nutrition

general demeanour and appearance

signs of neglect, sexual abuse, emotional disturbance

development including language, social skills
Documentation of injuries. Descriptions should be brief but
detailed and include:

probable nature of the lesion and approximate age (colour
for bruises)

site

shape

size (in cm)

any unusual distinguishing features

where possible, an estimate of its likely causation

CHAPTER 37   NON-SEXUAL ABUSE IN CHILDREN

• Height, head circumference and weight (comparison with
percentiles).

• Stage of development (appropriate to age?).
Injuries have to be documented in a reproducible and easily
understandable manner (colour photographs with scale, colour
scale, graphs). The documentation should be of clear descriptive character since premature interpretations and prejudices
are not helpful. The description has to comprise:
• Type of injury, its dimensions and localisations.
• Colour and potentially its shape (especially for
haematomas).
Supplementary clinical examinations like sonography, X-ray,
etc. may be necessary and should be performed at the same time
as the documentation of the severity of the injuries.
The description of any injury is of utmost importance for
the interpretation of causation and possible legal consequences.
In case of doubt, a detailed description allows conclusions
to be decided at a later time that could not have been made
initially.
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Intimate Partner and
Domestic Violence

Gerhard Kernbach-Wighton

38.1 Introduction
The terms ‘intimate partner violence’ (IPV), ‘intimate partner
abuse’ or ‘domestic abuse’ describe physical, sexual or psychological harm originating from a current or former intimate
partner or spouse and may happen among heterosexual and
same-sex couples. Domestic violence is when one person in a
relationship purposely hurts another person physically or emotionally. Domestic violence is also called intimate partner violence as it is often caused by a husband, ex-husband, boyfriend
or ex-boyfriend. Women can also be abusers. IPV is apparently
linked to both immediate and long-term health, social and
economic consequences. Factors on individual, relationship,
community and society levels may contribute to IPV. According
to the Centers for Disease Control and Prevention (CDC) and
especially the CDC’s National Center for Injury Prevention and
Control (both in the USA) the following four main types of
IPV have been defined:
1. Physical violence is the intentional use of physical force (e.g.
shoving, choking, shaking, slapping, hitting, kicking, pinching, punching, throwing things, burning, stabbing or use
of a weapon, restraints or one’s size and strength against
another person) with the potential for causing death, disability, injury or physical harm.
2. Sexual violence can be divided into three categories: (i) the
use of physical force to compel a person to engage in a
sexual act unwillingly, whether or not the act is completed;
(ii) an attempted or completed sexual act involving a
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person who, because of illness, disability or the influence
of alcohol or other drugs, or because of intimidation or
pressure, is unable to understand the nature or condition
of the act, decline participation or communicate unwillingness to engage in the act; and (3) abusive sexual contact.
3. Threats of physical or sexual violence communicate the
intent to cause death, disability, injury or physical harm
through the use of words, gestures or weapons.
4. Psychlogical/emotional violence means traumatisation of
the victim by acts, threats of acts or coercive tactics (e.g.
humiliating the victim, controlling what the victim can and
cannot do, withholding information, isolating the victim
from friends and family, denying access to money or other
basic resources). Economic or financial abuse belongs to
this subgroup, described as limiting the victim’s financial
freedom or security. In most cases, emotional violence has
been preceded by acts or threats of physical or sexual violence and is used to criticise, demean or otherwise decrease
the confidence of the victim.
Stalking and nowadays cyber-stalking are often included
among different types of IPV. Stalking generally refers to harassing or threatening behaviour that an individual engages in
repeatedly, such as sending the victim unwanted presents, following or waiting for the victim, damaging or threatening to
damage the victim’s property, appearing at the victim’s home
or place of business, defaming the victim’s character or spreading rumours, or harassing the victim via the internet by posting
personal information. As with perpetrators of physical and
sexual violence, stalkers may be motivated by a desire to exert
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control over their victims. Stalking and IPV may occur at the
same time.
Often, abuse is seen to start as emotional abuse and becomes
physical later. The abuser may also try to make the victim feel
that the abuse is her/his fault. Violence is known to cause
serious physical and emotional problems, including depression
and post-traumatic stress disorder (PTSD). There may also be
times when the perpetrator appears very kind but may begin
mistreatment again after such periods of calm (see Section
38.4). Cognitive variables are hypothesised to play an important role in IPV aetiology and intervention. A recent American
assessment of attitudes toward gender, violence and the association between gender and violence among 50 men enrolled in
an IPV treatment programme and a comparison sample of 40
non-violent men showed no group differences on explicit attitudinal measures (Rhodes 2012). However, IPV men exhibited
more positive implicit attitudes regarding violence, and a more
rapid association between women and violence.
Domestic violence is a worldwide major public health
problem affecting millions of people and often resulting in
emotional injury or even death. Domestic abuse is estimated to
affect 3–5% of current adult relationships in the United States,
including more than 2 million women. Despite the myth that
violence against men does not occur, around 800 000 men are
estimated to be victims of intimate partner abuse. Nearly onethird of women can expect to be the victim of IPV sometime
in their lifetime. About 25% of gay, lesbian, bisexual and transgender (GLBT) individuals are seen as victims of intimate
partner abuse, just as often as are heterosexual women. As of
the year 2000, about 8 million incidents of domestic violence
occurred in 1 year in the USA, and 20.2% of women visiting
family practice clinics have been found to be experiencing IPV.
Also 1300 deaths were attributed to domestic abuse in the USA
in 2003. However, it appears that IPV remains a rarely documented diagnosis, as most common hospital-level resources do
not demonstrate associations with IPV diagnoses. Nevertheless,
a standardised intervention checklist may increase the clinician’s likelihood of diagnosing IPV.

38.2 Causes and reasons for
domestic violence
Although no specific causes have since been identified for
domestic violence, women at the highest risk for being victims
of such violence include those with male partners abusing
drugs (especially alcohol) who are unemployed or underemployed, have not graduated from high school and are or who
have been in a romantic relationship with the victim. Unmarried individuals in heterosexual relationships tend to be more
at risk for becoming victims of IPV. However, domestic violence
against women tends to be reported more often by victims who
are in a relationship with a man with more conservative religious views than their own, regardless of whether or not the
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couple is of the same or different religions or denominations.
Regular attendance of religious services is apparently associated
with less reported IPV.
However, it has also been demonstrated repeatedly that in
case of domestic violence there can be expected rather high
rates of mental health problems among women. In addition,
both IPV perpetration and victimisation are found to be associated with increased mental health symptoms in general. In the
USA research has recently identified some prevalence of mental
health disorders in female victims of IPV (NIJ 2012). The
majority of women examined met diagnostic criteria for a
mental health disorder, with PTSD being the most common
one. Furthermore, psychological abuse was a significant predictor of both PTSD and depression, whereas physical aggression
did not predict these outcomes.
A number of studies have elucidated that husband and wife
alcohol consumption and alcohol dependence symptoms contribute to the likelihood and frequency of husband IPV, both
independently and interactively (MacMillan et al. 2009; La Flair
et al. 2012; Testa et al. 2012). Husband, but not wife, alcohol
dependence symptoms contribute to the occurrence of any wife
IPV, although both partner’s alcohol dependence symptoms are
likely to predict the frequency of wife aggression, and couples
with discrepant drinking habits are not more likely to perpetrate IPV. Summarising, for wives, alcohol appears to play less
role in IPV perpetration, perhaps reflecting that women experience less inhibition against physical aggression in their intimate
relationships than do men. Research from Baltimore (La Flair
et al. 2012) identified three classes of problem drinkers among
11 782 individuals: severe (1.9%), moderate (14.2%) and nonsymptomatic (83.9%). IPV was found to be associated with
both severe and moderate drinking patterns. Past-year major
depressive disorder was also identified as a possible mediator
of the IPV–drinking class relationship.
Studies from Australia revealed that domestic violence
appears furthermore to be associated with significant mortality
and morbidity including gynaecological morbidity (Quinlivan
et al. 2012). Based on almost 600 cases of a colposcopy service,
33% of the responders reported domestic violence within 12
months. Key associations of violence were younger age at presentation, higher rates of smoking and housing instability, a
positive Beck Depression Inventory screen, and higher rates of
default to initial attendance.

38.3 Effects and consequences of
domestic abuse
As already mentioned, domestic abuse is followed by major
health and public health consequences. In the USA, 25–50% of
homeless families have lost their homes as a result of intimate
partner abuse. Such victimisation is also found to be associated
with nearly $6 billion in health care costs and lost work productivity per year. Although psychological abuse can be harder
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to define than overt physical abuse, it has been found to cause
at least as much damage.
Partner abuse of pregnant women has also been associated
with preterm deliveries of low birth weight babies. Domestic
partner abuse puts children at risk for lower intellectual functioning, being victims of child abuse as children and of IPV as
adults. This form of family violence also means a higher risk of
children having emotional problems and engaging in drug
abuse. Domestic violence may result in homicide as well.
Victims who live in a household where weapons are present and
drugs are used are known to have a higher risk of being killed
by their abuser.
Recently published research (Caldas et al. 2012) from Portugal on 332 forensic reports on domestic violence survivors
has shown most victims to be females with a mean age of 33.7
years and the spouse as the most frequent offender. The majority of oral injuries affected soft tissues, and permanent body
consequences were found mainly in the teeth and periodontal
tissues. Overall, oral injuries and their consequences were
observed in 13.4% of IPV cases; although being suggestive of
this kind of violence, oral injuries alone were considered to be
insufficient to identify this type of abuse, and additional diagnostic criteria and evidence are strongly recommended.

38.4 The cycle of violence
There tends to be a certain cycle of behaviour, known as the
cycle of violence, in abusive adult relationships. That cycle in
cludes tension building, explosive and tranquillity/honeymoon
stages. The tension building stage is described as the phase of
the abusive relationship in which the abuser tends to engage in
lower level abuse, like pushing, insulting and escalating demands
for control. Simultaneously, the victim of abuse tends to try to
appease the abuser in an effort to avoid worsening of the abuse.
Acts of abuse tend to escalate to a severe level during the explosive state of IPV with more overt and serious acts of abuse and
control, like slapping, punching, rape or inhibiting the movements of the victim. The tranquillity or honeymoon stage of
the cycle of domestic violence tends to immediately follow the
overt acts of aggression of the explosive stage and is usually
characterised by the abuser seeming to be quite remorseful and
apologetic for the abuse, making promises that it will never
happen again and showering the victim with affection.

38.5 Diagnostic procedures
Lists of screening questions have been published to check the
current situation of an individual. In addition to asking questions about whether the reader feels excessively controlled
(such as having their partner keep excessive track of daily activities and associations, or being demeaned by critical remarks,

insults and name calling), the list of questions further explores
whether more obvious acts of abuse have occurred, like kicking,
punching or throwing objects. The acronym AARDVARC (An
Abuse, Rape, Domestic Violence Aid and Resource Collection)
describes a number of warning signs for doctors, friends
and family members for recognising people who may be the
victims of intimate partner abuse. Specifically, teenagers, men
or women who are often absent from school or work, have
numerous injuries they try to explain away, have low selfesteem, show a change in their personality, fear of conflicts and
passive-aggressive behaviour, blame themselves, seem isolated
or demonstrate stress-related physical symptoms (for example
headaches, stomach upset, sleep problems, or skin rashes) may
be experiencing abuse in their relationship.
Regarding the actuarial risk assessment of sexually motivated
IPV, an Austrian research group (Rettenberger and Eher 2012)
have carried out a cross-validation of the Ontario Domestic
Assault Risk Assessment (ODARA) and the Domestic Violence
Risk Appraisal Guide (DVRAG) using an incarcerated high risk
sample (n = 66) of offenders released from prison who had
committed at least one sexually motivated offence against their
actual or former intimate partners, over a mean follow-up
period of approximately 55 months. Both instruments showed
evidence for their reliability and predictive accuracy, supporting the cross-cultural transferability of these instruments. For
the prediction of domestic violence recidivism, ODARA and
DVRAG yield good predictive accuracy, and for general criminal and general violent recidivism, both instruments exhibit
moderate effect sizes. Furthermore, the results provide evidence
for the discriminant validity of ODARA.
Listening to survivors of abuse has been demonstrated to be
essential to effectively implement survivor-focused IPV services. Studies from the USA revealed that domestic violence
survivors shared many views with service seekers and recipients
(Coker et al. 2002; MacMillan et al. 2009; Kulkami et al. 2012;
Rhodes 2012). National hotline advocates explored relationships between service providers and survivors based on their
interactions with both. Four thematic categories related to
enhancing IPV services emerged: providing empathy, supporting empowerment, individualising care, and maintaining
ethical boundaries. Advocates identified additional factors that
interfered with quality services, including: inadequate organisational resources, staff burn-out, lack of training and poor
integration with other community resources.

38.6 Human immunodeficiency virus
and domestic abuse
HIV and domestic abuse are connected in a number of ways.
It is more likely for individuals living in an abusive relationship
to get HIV. That is partly because abusive men are more likely
to have sexual partners other than their wife. Furthermore, the
victim in an abusive relationship may be forced by the abuser
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to have sexual intercourse, with force being likely to cause injuries which might be a route for infection. In addition, abusive
partners may refuse to use a condom, increasing the risk for
infection.
IPV has been significantly associated with HIV among heterosexual individuals, yet a similar relationship has not been so
clearly described among men who have sex with men (MSM).
Among 7844 clients of a clinic in Washington, DC, self-reported
IPV was significantly associated with HIV. However, when
adjusting for sexually transmitted infection status and selfreported risk behaviours including recreational drug use,
condom use, number of male sex partners and having sex with
a positive HIV partner, the association of IPV with HIV was
not statistically significant. However, there was an indication
that the strong independent association of recreational drug
use with HIV seroprevalence decreased the association of IPV
with HIV significantly.

38.7 Challenges facing older women
Older women who are abused often face the same challenges as
younger women, but they face additional ones, too. These may
include:
• Having grown up and married during a time when domestic
abuse was tolerated or ignored.
• Having lived with abuse for many years, which can lead to
problems such as poor self-esteem.
• Feeling the duty to take care of an ageing partner.
• Not knowing about a number of risks of sexually transmitted diseases, how to use a condom or how to negotiate with
a partner to use a condom.
• Feeling afraid of living alone after being with someone for
many years.
Accounts in both the scientific literature and popular media
have brought about an increased recognition of the reality of
elder abuse. However, relatively little work has examined intimate partner victimisation with respect to older adults. In a
study from Quebec, data from different surveys were pooled to
examine how factors uniquely influence the prevalence and risk
of emotional, financial and physical abuse among adults aged
60 years and over (Poole and Rietschlin 2012). This study also
discussed considerations regarding elder abuse committed by
spouses versus abuse of older adults more broadly, for example
by their children or other adults.
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School Violence

Gerhard Kernbach-Wighton

39.1 Introduction
School violence is any form of violent activity inside the school
premises. It includes bullying, physical and verbal abuse, brawl,
shooting, etc. The term ‘school bullying’ is primarily used to
describe repeated harassment behaviour in schools. Bullying
and physical abuse are most commonly associated with school
violence, with this phenomenon concerning approximately one
child out of seven in France. Main manifestations of violence
appear to be harm to others, often with drug usage as a main
motive. However, extreme cases such as shooting and murder
have happened as, for example, in the Columbine High School
massacre in Colorado in 1999 and the Virginia Tech massacre
in 2007.
There are many reasons for school violence, but it happens
mainly because of bullies inside the school premises. These
bullies try to dominate and tame other students, which could
end up in a fight that could go out of control. However, bullies
are not the only reasons for school violence as parents, teachers,
school authorities and friends have their share in influencing
school violence. Difficult to detect school bullying can have
more or less serious psychological impacts, such as drop out or
anxious school refusal, loss of self-esteem, depressive disorders,
suicide, eating problems and increased substance and/or alcohol
abuse.
The parents appear to have a maximum contribution to
school violence. Where parents do not act responsibly and are
not caring towards their children, these young people may feel
neglected and all alone. Teachers may have the same amount of
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contribution as parents do. They can act positively by making
sure that children are not under any sort of disturbances from
bullies. Friends also have a major contribution and a good
quality circle of friends will provide a healthy social environment. Exposure to violence is correlated with absenteeism and
suspension with the strength of these relationships depending
on mode and role in exposure.
School violence is today thought to represent a serious
problem in many countries over the world, especially regarding
an involvement of weapons such as knives or guns. As mentioned, the term ‘school violence’ comprises violent acts between
pupils but also physical violence by students towards members
of the school staff. Extensive research has been conducted in
order to define general and particular factors responsible for
the causation of school violence. There is an enormous scope
and complexity of the problem, including the presence of gangs
on school property, school-associated violent death and, of
course, violence prevention strategies. There has also been
described an overlap among bullying, homophobic teasing and
sexual violence perpetration.
One of the factors for school violence appears to be the home
environment, suggesting that long-term exposure to violence
within the family, parental alcoholism, domestic violence and
physical and sexual abuse during childhood may largely contribute. Long-term exposure to these factors may teach children
that violent and even criminal activities are acceptable. There
have also been suggestions that harsh disciplinary measures by
parents, such as corporal punishment, may be associated with
higher levels of aggressiveness; there may also be indications
that exposure to television violence and violent video games
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may act as triggers. A moderating role of peer victimisation on
associations between harsh home environments in the preschool years and academic trajectories during primary school
has been identified. Indicators of restrictive punitive discipline
and exposure to violence were found to be associated with
within-subject declines in academic functioning, and these
effects were exacerbated for those children who had also experienced victimisation in their peer groups. Research has also
shown that home environments with abusive behaviour may
inhibit the growth of social skills with a lack of cognitive skills
mediating the link between harsh parental discipline and
aggressive conduct (Dodge et al. 1995; Gershoff 2002a; BennettJohnson 2004; Castro Mde et al. 2011). So, children with weak
affective ties to their parents and the school are at special risk
of engaging in delinquent and violent behaviour.
Apart from the next of kin and friends, it is also the neighbourhood that might affect the issue of school violence, as
environments showing high frequencies of crime and drug
abuse are known to be associated with violent behaviours or
dilapidated housing, which might be transferred into schools.
Violence towards teachers is more likely in regions known for
high crime rates as well as an exposure to violent peers, poverty
and high population density. It is also recognised that contact
with gun violence during the early phases of adolescence is
associated with serious physical violence.
It even appears possible that school violence may be a consequence of the actual school environment, as assaults towards
teachers appear to be associated with a higher percentage of
male teachers and higher proportions of male pupils or pupils
suffering from poverty. This means that a large male population, with higher ages and a previous history of disciplinary
issues at school, high pupil to teacher ratios and urban locations
are more likely to be related to school violence. It also appears
that lower academic performance is generally associated with
higher levels of aggressive behaviour.
Within research, a distinction is made between internalising
and externalising behaviour, with the first one reflecting, for
example, withdrawal, inhibition, anxiety and/or depression,
sometimes being found associated with youth violence or substance abuse. Such pupils are often overlooked by teachers. In
contrary, externalising behaviour patterns are associated with
criminal activities, aggression and also hyperactivity, being
directly linked to violence such as punching or kicking. Early
school starters may exhibit higher levels of aggressiveness or
antisocial behaviour. Lower IQs were found to be related to
higher levels of aggressiveness, and boys in particular may experience problematic motor skills, attentional problems, reading
problems and persisting antisocial behaviour.

39.2 Statistical data from
various countries
In the UK, a government survey from 1989 revealed that 2% of
teachers had reported facing physical aggression (Department

of Education and Science and the Welsh Office 1989), and a
more recent study from 2007 about 6000 teachers found that
over 16% had been assaulted by students within a 2-year period
(Casteel et al. 2007). Furthermore, for England in 2007 there
were recorded more than 7000 cases of the police being called
to deal with school violence. In 2009, a survey on over 1000
members showed that nearly 25% of them had been confronted
with violent acts by students (ATL 2009), and for the same year
a study from Wales found 40% of teachers had been assaulted
in the classroom and almost 50% of them threatened with
assault (Miloudi 2009).
According to the US National Center for Education Statistics
(NCES 2008), at US high schools 5.9% of the students were
found to carry a weapon such as a knife or gun, with this rate
being three times higher among males compared with females.
Furthermore, 7.8% of high school students reported having
been threatened or injured with a weapon at school at least
once, with males being over-represented twice-fold; 12.4% of
the students had been involved in physical aggression and 5.5%
of them did not feel safe at school. Regarding violence towards
teachers, it appears that 7% (10% in urban areas) of teachers
were threatened by students in 2003, with school bus drivers
being particularly vulnerable.
Other recent research from the United States in Albany
assessed the importance of gender, ethnicity and geographic
context for incidents of school-associated student homicides
over 5 academic years (Kaufman et al. 2012). Most incidents
involved urban areas (53.6%), black and Latino offenders and
victims, moderately high youth poverty and male on male violence (77.6%), driven by disputes and gay-related motives. Suburban area incidents (31.2%) often involved offenders and
victims of a different ethnicity (51.3%). More than 50% of the
rural incidents involved male offenders and female victims.
White offender incidents more often included multiple victims
and female victims, while black and Latino offenders especially
included single victims of the same gender. A study from Brazil
demonstrated a high prevalence among students aged 12–19
years, mainly among users of alcohol and drugs, of male gender
and from families whose parents do not have satisfactory relationships (Castro Mde et al. 2011).
Surveys by the Japanese Education Ministry showed that
students at public schools were involved in 52 756 cases of
school violence in 2007 showing an increase by about 8000
compared to 2006, with teachers being the target of assault
in almost 7000 cases (Japan Times 2008). According to the
South African Human Rights Commission, 40% of children
interviewed had been victims of school crime, with an exposure
to domestic violence, gangsterism and drugs having had substantial impacts on student performance (BBC News Online
2008).
A study from Israel demonstrated that 3.6% of all students
of junior and high schools in 2011 were victims of bullying
(18.5% of those involved in violence) (Berkowitz and Benbenishty 2012). The proportion of victims of bullying among male
students was 6.4% (21.9% of all involved), compared with 1.1%
(11.2% of all involved) among females. Bully victims reported
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the lowest levels of teacher support and feelings of security and
missed school because of fear significantly more often.

39.3 Motives and reasons for school
violence and its identification
Studies from the USA have shown that it is actually safer to be
in school than driving a motor vehicle as twice as many
15–19-year-olds die in car accidents compared with shootings
at schools (Falb et al. 2011; Espelage et al. 2012). Less than 1%
of all homicides among school-aged children are said to happen
on school grounds or on the way to and from school. Nevertheless, school violence appears to be the consequence of multiple
factors coming together (see above). Some pupils are simply
imitating behaviour patterns they have seen at home, on the
streets or in video games, films or television. On some occasions, individuals turning violent are victims of teasing who
have hit a limit and feel they would do anything to make it stop.
They may also feel isolated and rejected by their peers. Furthermore, having access to guns or other weapons makes it easier
for some people to lash out against things or people they do
not like. A number of behavioural particularities have been
identified that might act as an alert for someone on the verge
of violence. Such warning signs may, for example, be playing
with weapons of any kind, talking about acts of violence he or
she would like to commit, showing an obsession with violent
movies or playing violent games, bullying or threatening other
people and also developing cruelty to pets or other animals.
Recent research from the USA revealed that approximately 35%
of school students are frequent users of television and another
25% frequently play computer and video games (Denniston
et al. 2011; Jones et al. 2012). A number of risk behaviours,
including involvement in physical fights and initiation of
alcohol use before age 13, were significantly associated with
frequent television and computer game use, highlighting the
relevance of exposure to electronic media.
A new type of violent behaviour has developed at schools
called ‘cyber mobbing’ using mobile telephones, computers, the
internet and social networks such as Facebook. Recent research
in several European countries has shown that almost every
adolescent has already had experiences of online mobbing as
mobile or cell phones and the internet with its social networks
play a significant role in the students’ everyday lives (Björkqvist
et al. 2011; Medes 2011; Pulido Valero et al. 2011; Szombat and
François 2012). Such devices have become almost indispensable
in terms of making new contacts, to stay in contact or to present
his or her personality. Mobbing, as well as cyber mobbing, takes
place in an environment in which the perpetrators can rely on
the passive conduct of many copycats knowing about certain
circumstances but deciding not to act appropriately despite
severe consequences. It is essential that hints from affected
persons as well as feelings of fear and avoidance must be taken
seriously, and perpetrators and victims as well as copycats have
to be identified and addressed at in an open manner in order
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to define their individual roles and contributions. To make
schools safer, awareness of problems like bullying, mobbing and
discrimination has to be increased. Many schools have implemented programmes to fight these problems and to assist
teachers and administrators to be much more aware about the
protection of pupils and students.
Numerous schools in different countries have set up ways to
report bullying and mobbing, or even possible violence, anonymously. The role of PTSD has been stressed and also the possibility that it can develop in an individual who has witnessed
an incident such as physical or sexual abuse, a serious car accident or a shooting. It must to be highlighted that someone does
not have to be hurt himself or herself to experience PTSD, as
simply watching traumatic events or being threatened with
considerable physical harm may be enough to trigger it.

39.4 Prevention and interventional
procedures
Prevention and intervention strategies aim at inhibiting school
violence from occurring. There have been defined four levels at
which violence intervention efforts can act: society in general,
the closer school community, the family and their environment,
and the individual involved. Society-focused procedures aim at
rather difficult changes to the surrounding social and cultural
conditions with a reduction of violence (e.g. in the media),
reshaping social norms and restructuring educational systems.
School-wide strategies focus on a modification of school characteristics associated with violence by reduction through the
development of interventions at school level, involving classroom management, cooperative learning and close supervision.
School multiculturalism has been identified to be an important
protective factor against youth violence in a study from Hawaii
by facilitating peer relationships and community engagement
among youth (Le and Johansen 2011). Research from Portugal
(Medes 2011) has shown the importance of anti-violence programmes consisting of building awareness/preparation in
teachers and parents and practicing social competencies among
the students, resulting in a significant reduction of school
violence.
Furthermore, a modified curriculum may assist in promoting impulse control and empathy, resulting in a decrease of
physically aggressive behaviour patterns, supported by strategies to reduce bullying. Such strategies should also address the
problem of leisure times at school as research has clearly demonstrated a relationship between violent situations occurring at
school and during free time, and between the roles of aggressor
and victim during free time. Such prevention measures also
have to focus on the future roles of adolescents as adults, as
having been hit by an adult is significantly more common
among victims of school bullying (39.5%) than among adolescents not victimised by school bullying (16.8%; research from
Finland) (Björkvist et al. 2011). Furthermore, research from the
USA (Falb et al. 2011) suggests that bullying peers in school as

754

PART V   CLINICAL FORENSIC MEDICINE

a child, especially frequent bullying perpetration, is associated
with an increased risk for men’s perpetration of intimate
partner violence as an adult, with this effect remaining strong
after controlling for common prior risk factors for both bullying and domestic violence perpetration.
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Violence Against
Homosexuals

Gerhard Kernbach-Wighton

40.1 Introduction

40.2 Characteristics of gay violence

Gay persons, including lesbian, bisexual and transgender individuals, are known to be frequently exposed to violence due to
their sexuality or gender identity. Studies have reported that
cases of domestic violence harming women outnumber violence harming men by a factor of 12 or 13 to 1, but have ignored
gay and lesbian relationships. Correlates of same-sex partner
abuse are largely parallel to established correlates of heterosexual abuse. Income, education and attachment orientation
are usually associated with bidirectional partner abuse.
Acts of violence may originate from the state authorities via
laws against homosexuality or by single perpetrators using
intimidation, physical assault or mobbing. Such acts of violence
can be psychological or physical and may even extend to
murder, being motivated by homophobia and possibly influenced by cultural, religious or political mores and biases. In
Western countries, violence against gay or lesbian people is
often qualified as hate crime and is frequently connected with
either religious or extremist political ideologies declaring
such relationships as morally wrong. In Europe there is some
protection against sexuality-based discrimination, offered by
the European Union’s Employment Equality Framework
Directive and the Charter of Fundamental Rights. In numerous
parts of the world, including much of the European Union
and the United States, acts of violence towards gay people are
legally classified as hate crimes entailing harsher sentences if
convicted.

Recent research has revealed that crimes against homosexual
people generally tend to be especially brutal compared with
other hate crimes, especially those involving male gay victims.
Single shot injuries are rare to find as it appears more likely that
a gay individual will be stabbed multiple times, mutilated and
finally strangled or have their throat slit. Therefore, such violent
acts frequently involve torture, cutting and mutilation, due to
the intention to rub out the human being because of his (sexual)
preference.
In Canada in 2008 police investigations revealed that
approximately 10% of all hate crimes were motivated by sexual
orientation, while 56% of these were of a violent nature
(Stahnke et al. 2008). In comparison, ‘only’ 38% of all racially
motivated offences were of a violent nature. In 2008, according
to official statistics in the USA, 4704 crimes were committed
due to racial bias and 1617 were committed related to sexual
orientation (FBI 2011). In Northern Ireland in the same period
160 homophobic incidents were reported, 68.4% of which were
violent crimes, compared with 37.4% of racially motivated ones
(Stotzer 2012).
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40.2.1 Psychological backgrounds
The vast majority of homophobic criminal assaults appear to
be carried out by male aggressors on male victims, often being
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connected to aggressive heterosexual machismo or male chauvinism. It has been suggested that homophobia can originate
from an individual’s fear of being identified as gay so that
homophobia in men may be correlated with insecurity about
masculinity. Due to this, homophobia is allegedly rampant in
sports, and in the subculture of its supporters who are considered stereotypically ‘male’, such as football and rugby. By distancing themselves from gay individuals they are reaffirming
their role as a heterosexual being, thereby trying to prevent
themselves from being labelled and treated as gay. Various psychoanalytical theories explain homophobia as a threat to an
individual’s own same-sex impulses. This threat may cause
repression, denial or reaction formation.
Impact and meanings of homophobic violence on gay men’s
identities have widely been explored with a particular focus on
their identities as men and as gay men. As mentioned above,
homosexuality can pose a challenge to conventional masculinities and to some gay men being victimised because of sexual
orientation. Men who experienced homophobic abuse are
helped by accepting a victim identity, but only if they can
quickly move on from it by reconstructing a masculine gay
(non-victim) identity.
Research on the patterns of abuse in male same-sex relationships has often been focused on perpetration and receipt of
physical, psychological and sexual abuse over multiple timeframes as well as on injuries resulting from abuse. Almost all
respondents reported psychological abuse, with more than onethird reporting physical abuse (Ford et al. 1998; Bartholomew
et al. 2008a, 2008b; Little and Terrance 2010). Ten per cent
reported having engaged in unwanted sexual activity because
of partner force or threats of force. More than 50% of recipients
of partner violence reported sustaining injuries. Several studies
on adolescents with both-sex partners reported marked prevalence of dating violence and forced sex.

40.2.2 Data from different countries
A study by the Grupo Gay da Bahia revealed that the rate of
murders of gay people in Brazil is particularly high, showing
3196 cases over a 30-year interval from 1980 to 2009 (equivalent to c. 0.7 cases per 100 000 population per year) (Azevedo
2009; Frayssinet 2009). There were reported 190 alleged homophobic murders in Brazil in 2008 (0.5% of all homicides at a
rate of 22 per 100 000 population per year); 4% of the victims
were gay men, 32% were transvestites and 4% were lesbians.
For comparison, the Federal Bureau of Investigation in the USA
reported only five homophobic murders in the USA for 2008,
corresponding to 0.03% of all homicides (rate of 5.4 per 100 000
population per year). Regarding the high levels of murders of
transsexuals in Brazil it has been suggested that their allegedly
high involvement with drug trafficking may expose them to
higher levels of violence compared with non-transgendered
homosexuals and heterosexuals. Most of them appear to have
been killed by homosexual partners of the victims or those who

were otherwise in a relationship with them (e.g. male prostitutes), with some others being killed due to unpaid debts with
gangs involved in drug trafficking.

40.3 Violence in straight versus
homosexual relationships
Regarding gay violence, domestic violence has also become a
concerning issue. A recent book about domestic violence,
Couples in Conflict (Booth et al. 2001), includes 17 chapters on
recognising and responding to domestic violence, but does not
include any chapters on domestic violence in gay and lesbian
couples. Furthermore, straight violence has often been rated
more serious and aggressive compared with gay and lesbian
violence. This is not surprising given older studies indicating
that people viewed gay victims of violence more negatively
compared with straight victims of violence. However, other
researchers have focused in detail on domestic violence in gay
and lesbian couples, citing some higher estimates of gay domestic violence to support a view of gay and lesbian relationships
as inherently dysfunctional (Brand and Kidd 1986; Merrill
1998; Burke and Follingstad 1999; Ard and Makadou 2011).
There are several myths and stereotypes in the assessment
of male sexuality and especially male homosexuality. These
include perceptions that male victims are responsible for their
assaults, and that male sexual assault victims are less traumatised by the experience than their female counterparts. As result,
there can be expected under-reporting of sexual assaults by
male victims. Some authors even have the view that the violence
happening in some gay and lesbian relationships is ‘less serious’
than the violence in straight relationships. However, other
research found that the violence that abusive gay men inflict on
domestic partners is not less serious compared with the violence inflicted by abusive heterosexual men on their domestic
partners (West 1977). Extensive studies in the USA found that
79% of gay victims had suffered some physical injury, with 60%
reporting bruises, 23% reporting head injuries and concussions, 13% reporting forced sex even with the intention to
infect the victim with HIV, 12% reporting fractures and 10%
burns (Stotzer 2012).

40.4 Problems with statistical data
and underlying causes
Several points have to be noted in attempting to understand the
data on gay and lesbian domestic violence. For example, it is
only since 1987 that statistics regarding gay and lesbian domestic violence have been collected in the United States. Estimates
have varied considerably since then, with ranges from 17% to
46%. Furthermore, one has to be concerned how well these
statistics have been collected as some states in the USA do not
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participate in the Federal Bureau of Investigation collection of
hate crime statistics. Another concern is that the violence may
have been denied by victims or incorrectly recorded as ‘mutual
combat’.
Apart from this, other studies have sampled very narrow
populations, such as only gay men from clubs and bars. Such
men are more likely to be extroverted, to live in urban areas, to
use alcohol and to be single or in short-term relationships. It
has also to be taken into account that differing definitions of
domestic violence or abuse may lead to different rates. Some
authors differentiate physical violence from property violence,
sexual violence and psychological violence, whereas other
researchers do not.
As already noted, critics of gays and lesbians often use citations of higher rates of domestic violence as ‘proof ’ that gay
and lesbian relationships are dysfunctional. A recent study had
straight, gay and lesbian couples rate the violence in their relationships on a scale from 36 (no violence) to 288 (severe violence) (Ard and Makadou 2011; Bullock and Beckson 2011;
Dunn 2012). The average score for straight couples was 38.51,
for gay couples 39.6 and for lesbian couples 40.22.
Finally, it is worth noting that it is reasonable to assume that
gay and lesbian relationships would show higher rates of
domestic abuse because there are more ways that gays and
lesbians can be abused. For example, batterers can make specific
threats to ‘out’ the victim to family, colleagues and friends
meaning, for example, greater isolation and painful rejection
by loved ones or loss of employment. A further example of risks
may occur when victims have resorted to some violence to
defend themselves. Research has shown that 58% of gay males
who had been victimised fought back.
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Violence Against
the Elderly

John C. Hunsaker III

41.1 Introduction
41.1.1 Epidemiology of ageing
The worldwide population of elderly (aged >65 years) is projected to be 550–973 million over the period 2000–2030 due to
a decline in fertility and an increase in life expectancy, which
has increased to 80 years. There are thus increased demands on
medical and public health services. The growth heralds a greater
prevalence of chronic diseases, disabilities and illnesses related
to injuries and mental dysfunction. The estimated number of
elders aged ≥80 years will grow from approximately 9.3 million
in 2000 to 19.5 million in 2030 (CDC 2003).

41.1.2 Global prevalence of
elder mistreatment
Maltreatment of the elderly is universally reported. Public/
governmental awareness of elder abuse has grown slowly (Podnieks et al. 2010). The Clearinghouse on Abuse and Neglect of
the Elderly (CANE) bibliographies underscore the global nature
of elder maltreatment, and describe cultural similarities and
differences defining maltreatment: causes, perceptions about
what constitutes abuse and neglect, and impediments to identification and elimination. Cooper et al. (2008) pointed out the
inherent difficulty in establishing the prevalence of abuse globally (range 3.2–27.5%), concluding the following: one in four
dependent elders is at risk, but little abuse or neglect is detected.
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In 1990 a US committee projected that 52 million individuals (17% of the population) will be greater than 65 years old by
2030 (All 1994). Caregivers face establishing long-term care
arrangements and the associated stresses. The likelihood of
both familial and societal disequilibrium increases. In order to
meet the ever-expanding requirements of the burgeoning elder
population, sophisticated caregivers will be needed as discussed
in a recent Institute of Medicine report (Committee on the
Future Health Care Workforce for Older Americans 2008).

41.2 Definition and scope of
elder mistreatment
What constitutes elder abuse? Elder maltreatment, both abuse
and neglect, is an unjustifiable act or omission resulting in
illness or death. Types are classified as follows:
• Physical abuse.
• Sexual abuse.
• Psychological abuse.
• Financial exploitation.
• Neglect.
• Violation of civil rights.
Elder abuse and neglect are defined by the Council on Scientific
Affairs of the American Medical Association (AMA) as the
omission of actions or the actions resulting in harm or threatened harm to the welfare or health of the elderly (AMA 1987,
1990). The United Nations in the Universal Declaration of
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Human Rights also expounds the fundamental legal and human
rights and provides a template for legislation worldwide.
As noted, purposeful mistreatment of the elderly has been
separated into the various categories, from physical to psychological and many combinations which overlap (Aravanis and
Adelman 1992). Elder neglect is currently less well defined.
Reporting of elder abuse and neglect is woefully inadequate.
Only one in five cases is reported to the appropriate authority
(Dobrin et al. 1996) despite legislated mandatory reporting
laws (Johnson et al. 2001).
Most commonly, the abuser has a familial relationship with
the elder (Rabold and Gorgen 2007), the rest come from various
caregiving institutions. Commonly an adult child or spouse is
the perpetrator. US investigative journalists reported as recently
as 2011 that suspicious elder deaths are rarely investigated,
characterised as ‘a hidden national scandal’, due to systemic
failure: such deaths are overwhelmingly assigned to natural
cases, not to neglect or abuse. Such attitudes among physicians
and many medicolegal death investigators explain the significant drop in autopsies performed on the elderly (Hoyert 2011)
(Fig. 41.1).
Recognition of the existence of elder maltreatment is the
key step to diagnosis, and rests upon multidisciplinary efforts
among clinicians, social workers, medicolegal death investigators and law enforcement agencies. Collaborative efforts and
funding by governmental and private sources support ongoing
research to establish evidence-based markers for accurate diagnosis. Investigators must distinguish causes of death and injury
in elder maltreatment from mimics of abuse that inevitably
accompany ageing and senescence (Paranitharan and Pollanen
2009). A consensus on potential forensic markers of abuse and
neglect is slowly emerging. The putative victim’s medical and
psychological background, with circumstantial and scene findings, must be meticulously investigated.

In the US the ‘traditional family unit’ (father, mother
and children) continues to decline significantly. Reliance
on caregivers outside the nuclear family unit, both private
and state-supported institutions, tends to increase strained
familial relationships and the care of an elder may become
substandard.
One to 2 million older Americans are likely to experience
elder mistreatment each year (Lachs and Pillemer 1995). The
laws of US states require that any official, medical or private
person should report a suspicion that a vulnerable adult has
been abused or neglected. Legislation sets up systems for both
identifying and reporting suspected cases, and establishing
adult protective services for investigation and assistance to
victims. Hamp (2003) provides a current and comprehensive
compilation of state legislation in the USA. Yet, uniformity
among the jurisdictions – in US states and among nations –
does not exist because of the vast variety of legislative approaches
in the US and globally (Daly 2011).
There is a lack of systematic training and knowledge about
elder mistreatment across multidisciplinary lines. Many cases
of elder abuse are identified only at autopsy and many are never
investigated thoroughly. Unlike the investigation of unexplained or suspicious deaths of young humans, the approach
for geriatric groups is evolving. Medical conditions, which
overlap with features of abuse, are often deemed sufficient to
explain death. An additional complicating factor in identifying
the magnitude is the ‘uncooperative elder’ who refuses to speak
out due to fear of removal from a familiar setting.
As with child abuse, subtle findings on physical examination
may be the only indication of the abuse or neglect. Clinical
geriatric medicine specialists are now competent to address the
health concerns of the aged, including suspected abuse (Falk
et al. 2010). Skilled interviewing will assist an elder person to
recognise behaviour that constitutes abuse. A model for inter-
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Figure 41.1 Autopsy rate by age in 2008 in the USA. More than 2.4 million people died in the USA in that year; the autopsy rate was
highest for those aged 15–24 years and lowest for those aged 65 and older. The autopsy status was unknown for 6–12% of every age
group.
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disciplinary collaboration with efficient investigational capability exists as ‘elder abuse forensic centers’ in California (Schneider
et al. 2010). A comprehensive, goal-directed physical examination – with medical history, evaluation of the patient’s mental
status and laboratory results – is regarded as the best approach
for the forensic investigator in uncovering abuse and neglect,
and should be conducted in cases of death. Specialised training
for postmortem death investigators lags behind the skills of the
geriatricians (NIJ 2000).
The autopsy still is the best vehicle for determining whether
abuse or neglect caused or contributed to death. This review
covers findings or markers of elder abuse, both clinically and at
autopsy, which require explanation before abuse or neglect can
be ruled out.
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Box 41.1 Potential forensic markers of abuse and neglect:
applications to clinical and postmortem investigation. From
Dyer et al. (2003).
•
•
•
•
•
•
•
•
•
•
•
•

Bruises
Abrasions/lacerations
Fractures
Burns
Dehydration/malnutrition
Medication use
Decubiti
Sexual abuse
Financial exploitation
Hygiene
Restraints
Cognitive and mental health problems

41.2.1 Forms of maltreatment
In 1975, G. R. Burston first raised the specter of ‘grannybattering’ by family members. The definition has evolved particularly since the 1987 AMA position paper (AMA 1987, 1990;
Swagerty et al. 1999). The National Aging Resource Center on
Elder Abuse (NARCEA) divides elder maltreatment into five
standard classes of elder abuse including physical, psychological
(emotional), financial, sexual and neglect. NARCEA adds two
additional categories including self-abuse (neglect) (Gill 2009;
Sauvageau and Hunter 2012) and a miscellaneous group.
Several occur simultaneously (Collins et al. 2000).
Another broad classification of elder maltreatment distinguishes among domestic elder abuse, institutional elder abuse
and self-neglect or self-abuse (Collins et al. 2000). Domestic
abuse is perpetrated by someone with a close relationship. In
homicide, the perpetrator is frequently known to the elder
(Bode-Janisch et al. 2010). Institutional abuse occurs in various
residential facilities, whose caregivers have a fiduciary or contractual obligation to the elder.
Abuse activities, which are typified by alternating periods of
quiescence and exacerbation, characteristically escalate. Trivial
incidents may be potentially lethal for the susceptible elder
(Paranitharan and Pollanen 2009). Such stressors may prompt
rapid decline and death. Prompt intervention is necessary to
ensure return to a baseline health status (Pillemer and Finkelhor 1988). Various risk factors include characteristics of the
elder: age, mental state and common living arrangement with
the perpetrator/s (Lachs and Pillemer 1995; Levine 2003). Traits
of the perpetrator/s range from substance abuse, through financial dependency on the elder, to mental illness (Reis and Nahmiash 1998). Institutionalisation is a setting of potential high
risk for resident to resident violence (Shinoda-Tagawa et al.
2004).
Forensic biomarkers of elder abuse have yet to be fully
defined (Pearsall 2005). Dyer et al. (2003) offer a comprehensive review of evidence-based markers suggestive of elder abuse
and neglect, while acknowledging that no gold standard exists
(Box 41.1). They describe both physical and frequently coexist-

ent non-physical markers, changes due to ageing, which relate
to and are distinguishable from these markers, and the current
state-of-the-art armamentarium to diagnose abuse and neglect
both clinically and at autopsy.

41.3 Types of abuse of the elderly
41.3.1 Physical abuse
Violent acts that cause pain or injury, such as firearms injury,
extensive blunt force trauma and sharp force injuries, and
cutaneous trauma or markings from inappropriate, excessive
restraints and human bite marks, present little diagnostic challenge (Friedman, Avila et al. 2011). (Greater detail on traumatology is provided in Part III of this book.) Slapping, striking,
shoving and pushing primarily are subtler acts of violence.
Resultant physical findings, which are commonplace to the
active forensic investigator, cover the spectrum of cutaneous
blunt force injuries (bruises, abrasions, lacerations), sharp force
injuries (incised wounds, stab wounds), skeletal fractures, skin
burns and ligamentous injuries (Swagerty et al. 1999). The
evaluation of physical injuries necessitates consideration of the
type, amount and extent, pattern and location of the injuries
and the potential pathophysiological consequences.

Blunt force injuries
The physical appearance of blunt traumatic wounds (DiMaio
and DiMaio 2001) rests upon the following well-established
factors: time and amount of force, type and area of surface and
nature of blunt object.
Contusions (bruises) of external body surfaces result from
impact by or against a blunt object either perpendicular or
oblique to the surface. The torn subcutaneous (subconjunctival) vasculature prompts extravasation of blood constituents
into the surrounding tissue and dissection into tissue planes.
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The timing of the appearance and the location of contusions is
variable. Superficial injury may exhibit a pattern implicating
the offending blunt instrument. Imprints from knuckles or
fingers, particularly those in the subaxillary planes of the arms
and around the ankles, are consistent with forceful slapping, fist
pounding or vigorously grasping of the arms below the shoulders or pulling at the feet. Parallel ‘railroad track’ bruise patterns are characteristic of impact by a firm, smooth surfaced
cylindrical object such as a pipe, switch or rod (Crane 2000;
Saukko and Knight 2004).
Localisation of the contusions is of value in differentiating
those that result from a fall, which is common among the
elderly. Caregivers often attribute the bruises to a fall. The most
common sites of inflicted wounds are the face and neck, thoracoabdominal areas, hips and the palms and soles (Crane
2000; Saukko and Knight 2004). Some observers opine that
bruises larger than 5 cm on the skin surface that are on the
lateral right arm or back are also suspicious (Wiglesworth et al.
2009).
Ageing of bruises based on colour of the bruise on the skin
is not determinable by a visual (naked or aided) eye examination (Grossman et al. 2011). Frequently, even histopathology
aides little (Langlois 2007; Hughes and Langlois 2011). The
dating of bruises by appearance (size and colour) is inexact
and forensically unreliable because of individual variation in
response to injury. Anecdotally, recent bruises are said to be
varying shades of red, blue or purple, in contrast to those in
‘healing’ stages appearing blue-green, yellow-green or brown.
Evaluation requires close correlation with the offered history of
occurrence. In a comprehensive review designed to age bruises
in 89 subjects ranging from 10 to 100 years, Langlois and
Gresham (1991) stated that ‘it was only possible to conclude
that a bruise with a yellow color was more than 18 h old’. Multiple bruises that are indisputably in different stages of healing
suggest physical abuse. In fatal cases, where extensive external
soft tissue contusions are documented and the extravasated
blood volume is semi-quantitated, the investigator may hypothesise hypovolaemic shock as the mechanism of death (Cluroe
1995). If blood loss is insufficient for fatal exsanguination, the
forensic pathologist should consider whether histopathological
features of ‘stress cardiomyopathy’ caused by multiple, repeated,
blunt impacts of the exterior of the body are present (Cebelin
and Hirsch 1980).
Abrasions and lacerations of skin occur from impacts by or
against blunt objects of various shape. There is motion by or
over a rough surface and forceful separation of the skin and
disruption from the subjacent connective tissue. Either kind is
common among the elderly. Such fragility results from agerelated loss of skin thickness, elasticity and tensile strength
(Malone et al. 1991; Giles and Williams 1994). Such injuries in
the institutionalised elderly frequently involve the arms. In
roughly half of these incidents, the caregiver attributed injuries
to falls, stumbling against objects or wheelchair accidents. Multiple injuries not on the extremities raise suspicions for abuse.
Abrasions, more so than contusions, may exhibit a pattern

Table 41.1 Phases of skin wound healing (Singer and Clark 1999)
and abrasions (Robertson and Hodge 1972).
Wounds

Abrasions

Inflammation

Scab formation

Tissue formation:
epithelisation
granulation tissue
neovascularisation

Epithelial regeneration

Tissue remodelling

Supepithelial granulation
and epithelial hyperplasia

Wound contraction and
extracellular matrix
reorganisation

Regression of epithelium
and granulation tissue

having the configuration of the causative instrument. Microscopical dating of abrasions and lacerations, which is based
scientifically on the dynamics of cutaneous wound healing, has
significant limitations (Singer and Clark 1999). All stages of
wound healing are subject to individual complex physiological
conditions that overlap. For example, diabetes mellitus impairs
healing (Fahey et al. 1991). Recognising these significant limitations affecting the timing of stages of healing, the forensic
expert is competent to make only general conclusions on time
of injury (Robertson and Hodge 1972).
Assessment of time of injury and survival may be accomplished cautiously in selected cases by reference to phases of the
inflammatory response (DiMaio and DiMaio 2001, pp. 94–102).
Cautious application of these brackets of time allows the expert
to offer generalisations about time since injury (Robertson and
Hodge 1972; Singer and Clark 1999) (Table 41.1).
In 2010 researchers in Japan reported on refinements to the
traditional histopathological evaluation of wounds relying on
methods of molecular pathology. They have identified multiple
molecular factors that are potential markers for dating wounds
forensically (Kondo and Ishida 2010).
Fractures of bone consist of structural splitting, separation
or compression. Cancer and prolonged immobility, significant
co-factors of ageing, render bones more fragile and fractureprone. Pathological fractures from cancer or other diseases may
occur at any skeletal site. Age-related fractures from falls occur
in the hips and wrists. Osteoporotic women commonly experience vertebral and hip fractures. By contrast, fractures that raise
suspicion of abuse occur in two main body regions: (i) mid and
lower facial fractures with fractured or avulsed teeth and fractures of the mandible and zygoma (Fenton et al. 2000); and (ii)
spinal and truncal fractures (Fanslow et al. 1998). Spiral fractures caused by rotation are highly suspicious (Schor et al. 1995;
Dyer et al. 2003). Radiography facilitates the type and age of
fractures, and assessment of bone density. Caution equally
applies to the histological examination of fractures in all phases
of healing. In adults, the principal dependent variable governing whether and how fast healing occurs is the elder’s nutri-
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Table 41.2 Phases of fracture healing. From DiMaio and DiMaio
(2001).
Phase

Time after
injury

Initial repair

Up to 24 h

Tearing of periosteum and
endosteum with enlarging
fibrin-laden haematoma

Inflammation

24–48 h

Oedema, fibrin, population of
polymorphonuclear
neutrophils, followed by
macrophages

Granulation

48 h to days

Proliferation of fibroblasts
and mesenchymal cells →
granulation tissue;
demarcation of osteocytic
necrosis from live bone;
exuberant periosteal and
endosteal cell proliferation

Features

Incipient
callus

Days to
1week

Periosteal collar and
capillary ingrowth in
haematoma; osteoclasts →
bone trabeculae;
chrondroblasts → cartilage

Callus

2–3 weeks

Osteoblasts → bone matrix
and calcification →
immature ‘woven’ bone

Hard callus

3–4 weeks

Periosteal/endochondral
ossification

Healed new
bone

>4 weeks

Remodeled immature bone
→ mature bone

tional status. DiMaio and DiMaio (2001) have summarised the
consensus view of the phases of fracture healing for healthy
individuals as shown in Table 41.2. Confounding variables
related to healing among elders make the above summary
unsuitable for fracture timing.
Consulting odontologists are also critical consultants (Bernstein 1997). Cutaneous bite marks are a hybrid form of blunt
and sharp force injury. They consist of abrasions, contusions,
lacerations and impressions. A bite mark is a patterned injury
(prototypically, circular or oval separate curved arches in apposition that approximate the size and shape of the biting surface
of the front teeth). Humans, cats and dogs are the most common
biters. As a forensic marker, non-fatal human bite marks often
signify a pattern of violent elder abuse. Optimal analysis establishes either concordance or dissimilarity between the patterned
injury and a suspect’s dentition. Dentists serve on the front line
in identifying signs of elder abuse, as about 75% of inflicted
injuries occur on the cervicofacies (Stavrianos et al. 2011).
‘Traumatic alopecia’ is another potential marker and is an
atypical pattern of hair loss associated with abnormalities of
the scalp (Gray-Vickrey 1999).
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Mechanical restraints, such as Posey vests or various kinds
of ankle and wrist binding, prompt suspicion when there is no
reason to believe that such control was designed to avoid harm.
Restraint without prior medical evaluation only heightens suspicions. Physical restraint in the absence of a life-threatening
situation is significantly associated with injury and death
(Karger et al. 2008). The elderly person may be entrapped in
thorax or chair restraints and succumb to positional asphyxia
or hanging (Rubin et al. 1993; Mohr and Mohr 2000). Patterned
blunt skin injuries of the thorax and neck (‘ligature furrow’
caused by the strap forming a noose) are physical markers of
restraints, as are abrasions or contusions encircling the wrists
or ankles. Immobility from restraint predisposes to the formation of decubiti (see in Section 41.6.2).

Thermal burns
Inflicted burning is a relatively rare method of non-accidental
physical abuse. The elderly die from complications of thermal
burns at a greater rate than the US national average. Even
though the patterns of inflicted burn injuries are similar, the
relationship of injury from burns to elder abuse is less clear in
comparison to the accepted patterns in child abuse (Rao 2011).
There are no pathognomonic signs for inflicted burn injury
(Greenbaum et al. 2006). Burns ascribed to abuse are frequently
on the palms, soles and hips (Quinn and Tomika 1997). Some
researchers have concluded that burns are a marker of elder
abuse, ranging from 36% to 70% of burned elders admitted
from institutional settings to hospital burn units (Bowden et al.
1988; Bird et al. 1998). White (2000) recommends that nurses
regard burns in the elderly as suspicious. Rarely, thermal body
burns mimic decubiti and need to be distinguished from them
(Tsokos 2002). Pursuing the source for unexplained burns
should be a standard assessment tool to screen for neglect or
abuse.

41.3.2 Sexual abuse
Sexual abuse is reported in <1% of all elder abuse cases (Swagerty et al. 1999). Among competent elders, any non-consensual
contacts with the genitalia, mouth or anus are considered sexual
molestation (Collins et al. 2000). Sexually transmitted disease
among elderly women is suspicious. Palatal and uvular contusions are consistent with non-consensual fellatio (Fenton et al.
2000; Shields et al. 2004). Cutaneous and mucocutaneous blunt
traumata of the anogenital orifices likewise raise suspicions
(Fulmer, Street et al. 1984). Urinary tract infections among
older women unrelated to geriatric physiology may indicate
abnormal sexual contact (Butler and Lewis 1998).

41.3.3 Neglect
Neglect of the elderly may be intentional or unintentional.
Intentional neglect is the willful failure by the caregiver to fulfill
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legal, fiduciary or contractual responsibilities: withholding
items of necessity, such as bathroom privileges, food or medication. Unintentional neglect typically results from physical or
psychological impairment, ignorance, ineptitude or incapacity
of the caregiver. Neglect prevents the elder from thriving in the
community. Without documentation and familiarity with the
elder’s usual environment, it may difficult to establish passive
or active neglect (Rosenblatt 1996). Multiagency collaboration
is the best way to document elder abuse. Scene investigation
should be directed to both inventory of medications and food,
and evaluation of the environment (Dyer et al. 2009). Documentation includes a thorough review of medical records.
Abandonment is desertion of the elder by the caregiver
responsible for providing care, and can occur in domestic or
public settings (Kleinschmidt 1997). Disabled elders unable to
perform activities of daily living (ADLs) require continual care
(Freedman et al. 2003) and are more often neglected. Demented
elderly, who completely depend on others for ADLs, are more
likely to sustain physical abuse (Pillemer and Finkelhor 1988).

41.3.4 Non-physical abuse
Non-physical abuse is a less well-recognised form of elder maltreatment. Such forms, highlighted here, are frequently difficult
to document.

Psychological abuse
The psychological abuser inflicts emotional pain, often accompanied by physical abuse. Prime examples are verbal humiliation and non-verbal threats, such as the expression of plans to
abandon or institutionalise the elderly person (Lachs and Pillemer 1995), and caregiver-instigated mental anguish (Swagerty
et al. 1999). Emotional stress complicating ‘takotsubo’ (or
stress) cardiomyopathy may result from subtle elder abuse
(Assunção et al. 2011).

Financial exploitation
Misappropriation of money or property, changing of legal
documents, such as wills, and financial coercion are examples
of material exploitation. Susceptible elders are easily duped by
financial fraud schemes, specifically lottery and sweepstake and
home-improvement scams. The lonely elder may attempt to
‘buy friendship’ by paying the shyster in return for companionship (Quinn 2002).

Miscellaneous abuse
The miscellaneous category proposed by NARCEA covers
various forms not otherwise specified, and comprises various
violations of rights: denial of the elder’s decision making relative to health, personal issues or marriage, and the right to
privacy.

In a retrospective review of elder abuse, investigators concluded
that males were more likely to be subject to neglect, while
female elders more often experienced physical and sexual abuse
(Shields et al. 2004).

41.4 Mimics of elder abuse
41.4.1 Self-neglect
Self-neglect is a burgeoning public health issue (NCEA 2004).
A 1998 survey of American elders (>60 years) found that
101 000 experienced some form of self-neglect (National Center
on Elder Abuse 1998, Johnson et al. 2001). Self-neglect refers to
behaviour by the elderly person who lives alone in the community and either lacks the capacity to provide for their daily
necessities or, as a competent elder, refuses assistance with
ADLs (Mosqueda and Dong 2011). This inaction threatens the
elder’s health or life (Dong et al. 2009). Non-specific but typical
signs and symptoms of self-neglect include the following:
• Poor personal hygiene.
• Dehydration and malnutrition.
• Hazardous, unsanitary or unclean living conditions.
• Lack of specific medical aids that help with ADLs.
• Inadequate housing or homelessness.
Syllogomania, or hoarding behaviour, is an obsessivecompulsive disorder that is considered a component of the
self-neglect typology. Dysfunctional hoarding is evident when
the home is filled with rubbish and creates an unsafe environment (Frost and Steketee 2003).

41.4.2 Chronic diseases: age-related
morbidities and mortality
Chronic or debilitating diseases are difficult to differentiate
from subtle signs of abuse and neglect (Collins and Bennett
2003). Approximately 80% of elders in the USA have at least
one chronic condition and approximately 50% have at least
two. Diabetes mellitus affects nearly 20%. The prevalence of
Alzheimer’s disease and other forms of dementia doubles every
5 years after the age of 65 (Quinn 2002). The untreatable aspects
of chronic illness in the aged may be confused with neglect.
Common manifestations include urinary or faecal incontinence, delirium, which may be either organic or caused by
insufficient or excess drug administering patterns, and
dementia-related behavioural disorders (Rosenblatt 1996).

41.4.3 Accidental trauma
Inflicted trauma is the most extreme form of elder mistreatment. Elder homicide is not unlike forms of inflicted trauma
in other age groups, where investigators must distinguish
inflicted from accidental traumas. In many cases, circumstances
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causing trauma are unrevealing or lacking. A thorough autopsy
is necessary to determine whether initially suspicious injuries
are accidental (Collins and Sellars 2005). It is incumbent on
the forensic pathologist to guide a thorough, multidisciplinary
investigation in the evaluation of sublethal injuries, which
potentially are indicative of abuse. Such confounding physical
findings may be present together with common lethal chronic
illnesses (Paranitharan and Pollanen 2009).

41.5 Clinical evaluation in
living patients
In the living patient, a thorough history is an indispensable tool
in detecting mistreatment. Separate interviews of the elder and
the caregiver are preferable. Posing simple, directed questions
should be asked about care rendered by the nursing facility and
staff. Published diagnostic guidelines have been available from
the American Medical Association since 1992 (Aravanis et al.
1992). Such questions, formulated from many sources, are tabulated in the Box 41.2 (Pillemer and Finkelhor 1988; Lachs and
Pillemer 1995; Rosenblatt 1996; Swagerty et al. 1999; Johnson
et al. 2001).
In cases of possible criminal abuse, accurate legal documentation is mandatory. Photography, laboratory tests and radiographic examinations are all indicated, depending on case
specifics. As a minimum, baseline laboratory tests should
include a complete blood count, coagulation profile and blood
chemistries including blood urea nitrogen, creatinine, calcium,
total protein and albumin. There is a strong current consensus
in support of assaying levels of vitamins, certainly vitamin D,
as a deficiency in vitamin D is linked to serious physical and
mental health conditions among elders (Broe et al. 2007; Logan
and Miles 2008). Testing blood levels of omega-3 fatty acids,
vitamin B, vitamin C, vitamin D and vitamin E, which are
associated with better mental functioning in the elderly, is proposed by some researchers (Bowman et al. 2012).
Images obtained by either X-ray, CT or MRI will aid the
diagnosis of suspected fractures. Consultants skilled at interpreting differences between natural diseases and trauma may
confirm or refute neglect or abuse (Marshall et al. 2000). Toxicological examination of blood, urine and, when indicated, hair
and fingernail analysis, may uncover abuse or undermedication, and withholding or misappropriation of drugs by the
caregiver. Evidence of overmedication should prompt investigators to determine whether the caregiver sedated the elder
(Marshall et al. 2000).

41.5.1 Legal capacity of the elderly
When a physician identifies mistreatment, a competent patient
with legal capacity may refuse to allow the doctor to report the
abuse (Swagerty et al. 1999). If the elder is legally competent,
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Box 41.2 Elder mistreatment screening questions.
General situational
• Do you feel safe where you live?
• Are you having difficulties with the living situation?
• How are you getting along with your ______?
• Are you getting out with your friends?
• Are you afraid of _____?
Generalised health and well-being
• What kinds of food are you eating and when?
• Do you see a doctor regularly?
• Are you taking your medicines as prescribed?
Specifics about activities of daily living (ADLs)
• Are you able to get around your environment without any
assistance?
• If not, do you have help? If so, who helps you around the
house?
• Do you pay them to help you?
• What are you missing at home that would make it easier to
get around? Why don’t you have this?
Specifics about injury
• Has anyone hurt you?
• Does anyone hit you?
• Has anyone touched you (sexually) without your consent?
• How and when did it happen? Is it still going on?
• How often has this type injury occurred?
• How much time has passed since injury and treatment?
Financial
• What are the specific living arrangements at your home?
• Who handles your finances (e.g. cheque book)?
• Has anyone taken something that belongs to you when you
did not want him or her to take it?
Emotional and psychological status
• Do you have frequent disagreements with your ________? If
so, what happens?
• Are you often alone?
• Have you ever been with anyone who did not provide care for
you when you needed it?
• Have you been threatened or scolded?

he or she may prevent intervention by law enforcement. If the
elder lacks legal capacity, all jurisdictions authorise the judiciary to declare the elder a guardian of the state.

41.5.2 Psychological, neurological and
cognitive evaluation
Victims of abuse may have diminished capacity, the inability
to make and communicate informed and rational decisions
reflecting an understanding of the attendant risks versus benefits. Capacity may be both situational and transient. Elders
with dementia or mental illness may retain some degree of
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capacity. The assessment of capacity is time consuming and
requires well-developed skills. Approximately 50% of elder
nursing home patients exhibit some form of dementia
(Gruszecki et al. 2004). A variety of tests are available to the
neuropsychological counselor for assessment of the elder’s
mental and emotional condition, and identifying alcoholic
victims or alcoholic caregivers (Marshall et al. 2000).

41.5.3 Physical examination and
laboratory studies
A high index of suspicion is the starting point in the differential
diagnosis of elder abuse (Collins et al. 2000). Discrepancy
between the physical appearance pattern of trauma and the
explanations offered for the injuries is a strong indicator. Recurrent presentations are suspicious for abuse, including delays
between injury and medical intervention. Typical findings
(Lachs and Pillemer 1995; Singer and Clark 1999) include the
following:
• Healing fractures of the extremities and ribs.
• Cutaneous lacerations healing by secondary intention at the
time of examination.
Physical signs are not pathognomonic of abuse, but the following examples should heighten the index of suspicion:
• Bilateral or parallel injuries of the extremities, suggestive of
control marks or forceful restraining.
• Burns or scalds on the soles, palms or buttocks sustained
during hot water baths.
• Poorly treated, extensive, deep or purulent decubitus ulcers.
In summary, the clinician first examining the elderly patient
is equipped with abundant historical, physical, psychological
and laboratory factors to weigh in assessing abuse potential.
The fundamental diagnostic question is whether the offered
explanation jibes with the history and findings. A pattern of
frequent visits to the emergency department without proper
care is a red flag. Lack or misadministration of medicines
requires explanation. Injuries or illnesses, which are not
explained adequately, are reportable. Abnormal levels of drugs
– whether subtherapeutic or toxic – are inconsistent with
appropriate care.

41.6 Medicolegal investigations
41.6.1 Forensic autopsy
When death of an elder occurs under egregious or suspicious
circumstances, the medicolegal autopsy is, or should be, the
final opportunity to make the diagnosis of elder abuse. It is a
key, but not the sole, component of the process to determine
the cause of death. Dyer et al. (2009) concluded that US medical
examiners infrequently determine elder mistreatment as a
cause of death. The panel attributed this pattern in part to
confounders such as chronic diseases, which mimic abuse, and

insufficient data review of medical records and scene investigation. They proposed that geriatricians are better trained to
review the antemortem records of decedents, and, in collaboration the forensic pathologist, opine about the standard of care
as well as the presence or absence of elder abuse. They also
underscore that scene investigation by untrained eyes, including forensic pathologists, is not necessarily geared to the detection of forensic markers and risk factors for abuse.
Even as geriatricians may serve as valuable consultants to
review the medical background, other specialists play invaluable roles in covering a scene (Cohen 2011; Imbody and Vandsburger 2011). The value of consultants in scene investigation is
demonstrated, for example, by assistance from forensic entomologists, who elucidate the circumstances of death when
insects are involved (Benecke et al. 2004). Meticulous scene
evaluation can provide important insights into the dynamics
and the adequacy of bodily care provided to the victim, and
enhance the understanding of the type and intensity of neglect
before death. Dyer et al. (2009) have generated an extensive data
extraction form, which is a valuable checklist encompassing all
aspects of the investigation.
Physical findings at autopsy, coupled with appropriate investigation and laboratory studies, frequently overlap with those
observed in the clinical setting (Lachs and Pillemer 1995; Marshall et al. 2000) (Box 41.3).
At autopsy (Klatt and Meyer 1987) or clinically, the physical
findings tabulated above should be explained as likely or
unlikely sources of abuse or neglect. Many postmortem studies
are available in contemporary practice, and should be used
accordingly (Coe 1993; Caplan and Koontz 2001; Thali et al.
2010; Dettmeyer 2011):
• Imaging studies (CT and MRI, ideally).
• Histopathology.
• Laboratory analysis (vitreous humour chemistry, toxicology,
microbiology).

41.6.2 Special investigative issues
Medicolegal interpretation of decubitus ulcers
If suspected by the caregiver, decubitus (pressure) ulcers – especially large, foul-smelling, fungating, maggot-infested and
necrotic sores – are not difficult to observe and diagnose. Decubiti are usually a treatable (Anders et al. 2010; Hunter and
Sarkar 2011; Pham et al. 2011) yet potentially lethal condition
in the elder. The forensic specialist must have an expert’s understanding of the pathology and pathophysiology of decubiti
(Jaul 2011). With that knowledge, the investigator is qualified
to proffer evidence-based opinions on the potential causal connection to morbidity or death (Rothschild et al. 2000). Such
opinions play an indispensable role in evaluating quality of care
with significant impact in both civil and criminal law.
Various disease states rendering patients bedridden, such as
quadriplegia or dementia, promote skin breakdown. Even con-
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Box 41.3 Physical findings in the clinical forensic setting or
autopsy.
General
• Overall hygiene
• Weight and height
• If necessary, possible anthropometric measurements for
body mass index
Head and neck
• Ecchymosis of uvula, hard and soft palates may indicate
forced oral sex
• Poor dentition including tooth fractures or ill-fitting dentures
may suggest neglect
• Retinal detachment, orbital fractures or traumatic cataracts
may suggest chronic abuse
• Subconjunctival haemorrhage may suggest acute trauma
including possible strangulation
• Neck abrasions or contusions may suggest attempts of
strangulation
• Traumatic alopecia
• Closed head injuries
Torso
• Acute or occult bruises of the chest, abdomen or back
• Pneumothoraces
• Rupture of the spleen, lacerations of the liver or free intraabdominal blood may suggest abdominal trauma
• Bronchopneumonia
• Unhealed decubitus ulcers with infection or infestation with
maggots
Genitourinary
• Ecchymosis vulva, anus or scrotum may indicate forced sex
• Vaginal fistula
• Sexually transmitted diseases
Skeletal
• Acute or occult rib fractures
• Fractures of long bones may occur secondary to decreased
bone tensile strength in immobilisation or Sudeck’s atrophy
(reflex sympathetic dystrophy) osteoporosis
Extremities
• Restraint-associated ligature marks that may include abrasions, lacerations or bruises to the wrists or ankles
• Burns, lacerations, abrasions and bruises, especially if patterned, may suggest blunt force trauma injuries
• Immersion burns may be clearly delineated (must differentiate
between trauma and natural disease states such as Raynaud’s
phenomenon, digital ischaemia or vitamin C deficiency)

tinuous medical care meeting current standards may not
prevent the formation of or lethal infectious complications of
decubiti (Parish et al. 2007; Campbell and Parish 2010). The
highly publicised death in 2004 of the quadriplegic actor, Christopher Reeve, is evidence of this fatal complication in spite of
optimal nursing care (Gliatto et al. 2004). Both the appearance
and extent of decubiti inevitably raise questions about the

quality of health care, neglect and mistreatment. Traditionally,
physicians and other health care providers opined that the
development of decubiti in the elder in a long-term care setting
is inevitable – a consequence of ‘normal’ disease progression
(Parish et al. 2007). Accordingly, the certified manner of death
is recorded as natural.
As recognition and treatment of pressure ulcers continue to
improve, their formation and complications are frequently preventable. Clinicians and forensic specialists must be capable of
diagnosing accurately the type of chronic ulcers, and determining whether the quality of care met medical and legal standards.
This applies particularly to forensic pathologists, who may be
asked to opine whether the death was due to malfeasance of a
caregiver, who failed in the legal duty to prevent the contributory cause of death, namely, the decubiti with complications.
In some instances, the manner of death may be unnatural. If
classified as accident, this may raise questions of medical malpractice. In other circumstances, the manner (DiMaio and
DiMaio 2002) may be assigned as homicide ‘for permitting the
progression of decubitus ulcers without seeking medical help,
and for not bringing the patient back to a physician for treatment of the ulcers’. Such conclusions may prompt criminal
prosecution. Such issues likely will assume an even greater role
in the future practice of forensic pathology.
The elder person is particularly susceptible to the development of chronic cutaneous ulcers, regardless of the care setting.
Health care providers need to distinguish types of geriatricassociated chronic ulcers (Mandracchia et al. 2001; Riedel et al.
2008), not only for treatment, but also to determine if they
resulted from abuse and neglect. Takahashi et al. (2004) provide
a useful scheme in differentiating the major types of chronic
ulcers (Table 41.3). Considerably less common forms of chronic
ulcers are those caused by vasculitic small-vessel disease, diabetes mellitus and various dermatologic disorders (Anderson
2006; Ousey and McIntosh 2008; Ousey et al. 2011).
The differential diagnostic process must be rigorously cautious and include recognition that some skin wounds mimic

Table 41.3 Differentiation of chronic ulcers. From Takahashi et al.
(2004).
Type

Cause

Pressure ulcers

Prolonged compression of soft tissue
between bony prominence and external
surface

Ischaemic ulcers

Diminished or no circulation to area,
commonly due to peripheral arterial
disease

Venous ulcers

Lower extremity oedema due to venous
incompetency, various systemic
conditions or drugs

Neuropathic
ulcers

Various neuropathies → lack of sensation
over pressure area resulting in ischaemia
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decubiti. Tsokos reports the case of an 85-year-old patient with
severe peripheral artery disease dying shortly after hospitalisation. Clinically, death was ascribed to sepsis from pressure sores.
Thorough medicolegal investigation, review of medical history
and events prior to admission, autopsy and extensive histopathological evaluation of the wounds, prompted a significant change in the cause-of-death statement: complications of
third degree body burns due to application of an electric
heating pad to his back at home shortly before hospitalisation
(Tsokos 2002).
Physical findings such as poorly treated decubitus ulcers and
other cutaneous conditions, such as burns or non-healing skin
rashes, in the anogenital and perineal regions may represent
neglect and/or abuse (Panel on the Prediction and Prevention
of Pressure Ulcers in Adults 1992; Lyder and Ayello 2008).
These cutaneous lesions pose a significant risk of morbidity and
mortality in the elderly. A six-fold increase in mortality is
related to non-healed decubitus ulcers (Allman et al. 1986).
In a study by Shields et al. (2004), approximately 95.4% of
postmortem neglect cases exhibited decubitus ulcers. There is
a high prevalence of pressure sores in females aged ≥80 years.
Predisposing factors include trauma, neurological diseases such
as dementia, and malnutrition. Pressure sores in this cohort
account for serious infectious complications and/or septicaemia. Failure to recognise the causal link to the infectious aetiology may lead to underdiagnosis and under-reporting (Tsokos
et al. 2000).
A high percentage of institutionalised elders exhibit decubiti. The grading of pressure sores, which not only describes the
severity, but also predicts significant morbidity or mortality, is
provided in the following useful classification scheme according to Shea (with modification by other researchers) (Shea
1975; Türk et al. 2003; Tsokos et al. 2000) (Table 41.4).
The location of chronic ulcers is important in differentiating
decubiti from other types of ulcers. Nearly 70% of decubiti are

located on the sacrum; a combination of multiple sores were
found on both the trochanter and sacrum (4%), on the hip and
sacrum (3.2%) and thoracic vertebral column and sacrum
(2.4%) (Türk et al. 2003). Ulcers in other locations, such as on
the front of the legs from a prolonged crossed position or on
the chest from extended arm pressure, may be a marker of
negligent failure by the caregiver to reposition the elder at
appropriate intervals (Collins and Bennett 2003).
Tsokos et al. (2000) have formulated a series of specific, goaldirected questions in reference to pressure sore formation as a
means of sorting out whether they resulted from medical or
institutional negligence (Box 41.4).
Medicolegally, it is important to establish causality that connects fatal infection and septicaemia to the untreated or maltreated decubitus ulcer. Postmortem microbiology of blood is
of value in non-decomposed bodies (Caplan and Koontz 2001).
Colonisation of persistent, open and untreated decubitus ulcers
by various microorganisms has been causally linked to bacteraemia, septicaemia and osteomyelitis. Such infectious complications have a mortality rate of up to 50% (Tsokos et al. 2000).
Bone biopsy or osteotomy at autopsy is of value in revealing
decubitus ulcer-associated osteomyelitis. Severe osteomyelitis
may not be found in many advanced (grade IV) decubitus
ulcers in the absence of sepsis. Türk et al. (2003) concluded that
examination of bone specimens adjacent to deep decubiti
without sepsis was probably not indicated. In sepsis solely from
the soft tissue in grade IV decubitus ulcers, bacteriological
blood cultures and tissue cultures may not identify osteomyelitis (Lew and Waldvogel 1997). Additional studies may be needed
to document osteomyelitis as the aetiopathogenetic factor
causing lethal sepsis.
The 2003 study of the medicolegal aspects of pressure sores
by Heinemann et al. (2003) showed a risk of 0.5% for developing pressure ulcers within the general German population of
400 000 geriatric patients. In that year, the German Press Agency

Table 41.4 Decubitus ulcer grades: macroscopical and histopathological features. After Shea (1975).
Grade
Findings

I

II

III

IV

Gross findings

Erythema of
infected skin

Superficial dermal
ulceration
Possible bullous formation
No underlying subcutaneous
involvement

Ulceration, necrosis and
associated inflammation
into subcutaneous and
skeletal muscle tissue

Bone or joint involvement
with no anatomical limits
Possible osteomyelitis
and/or joint dislocation

Histopathological
findings

Vascular
congestion

Mixed inflammation;
epidermolysis

Ulceration of epidermis with
mixed inflammation and
necrosis into the dermis and
subcutaneous tissues; fat
and skeletal muscle necrosis

Type IVA: chronic
osteomyelitis alone
Type IVB: acute and
chronic osteomyelitis

Incidence

4% in group ≤70
years; 10%
≤90 years

4% in group ≤90 years
combined with type IV

4% in group ≤90 years
combined with type III
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Box 41.4 Decubitus care questions. After Tsokos et al. (2000).
•
•
•
•
•
•
•

Where, when and under what circumstances did the pressure
sore develop?
Was the pressure sore risk calculation used on admission of
the patient?
What intrinsic and extrinsic patient risk factors were
identified?
Was prevention management adequately adjusted to the
identified risk factors?
Was the patient consistently monitored and were skin changes
in the skin areas at risk registered?
If the formation of a pressure sore was noted, was treatment
subsequently undertaken?
Was the institutional documentation sufficient and are there
enough data for a conclusive argument?

reported an increase of institutional and personal caregiver
‘malpractice’ (‘Pflege-Vernachlässigung’) in the wake of the
growing elder population; in review of 17 000 deceased elders,
nearly 15% received substandard care (DPA 2003).

Starvation, malnutrition and dehydration as
markers of neglect
Malnutrition and starvation result from inadequate consumption of essential, nutritious foodstuffs, and are potentially fatal.
Among elders, the most common type is protein-caloric malnutrition. Many age-related conditions, ranging from edentia
and poor fitting dentures through loss of appetite to dementia,
contribute to inanition, weight loss, being underweight and
malnourishment. Commonly prescribed psychotropic drugs
repress the desire to eat. Neurological disease impeding efficient
mastication and deglutition may prompt the frustrated caregiver to either force-feed or ignore the elder’s nutritional
intake. In either scenario, a lethal choking episode (a variation
of the fatal ‘café coronary’) or aspiration pneumonia may ensue
(Hunsaker and Hunsaker 2002).
Malnutrition per se can also result from caregiver neglect.
Quinn and Tomika (1997) define significant weight loss as
follows: 5% (below baseline) in 1 month, 7% in 3 months and
10% in 10 months. Body weight loss of >40% may be fatal.
Clinically, anaemia attributable to malnutrition may mark
neglect. Measurement of serum albumin is more specific as a
marker of malnutrition than weight loss alone (Neale 1997),
but is not predictive of the healing of decubiti (Iizaka, Sanada
et al. 2011).
Malnutrition commonly initiates a vicious cycle, predisposing to infection and skin ulcers, which in turn require more
calories and protein for healing. At autopsy, in addition to
assessment of body and visceral mass, the forensic specialist
should document the contents of the entire gastrointestinal
tract and examine the adrenal glands microscopically for stressrelated changes of the cortex (Hayashi et al. 2011). Examination
of all viscera, especially the immunohistochemistry of the lung
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and liver, may reveal a significant increase in neutrophils, which
has been attributed by some researchers to cases of physical
elder abuse (Hayashi et al. 2010). Shields et al. (2004) reported
36.4% of neglected elderly fatalities had anorexia: body mass
index (BMI) <17.5 kg/m2, and nearly 41% were underweight
(BMI = 17.5–20.0 kg/m2).
Dehydration, an insufficient level of total body water, frequently accompanies malnutrition. The aged are prone to dehydration because of age-related alterations in control of fluid
homeostasis. Illness (infection or diarrhoea) and medications
such as diuretics may explain dehydration. Dehydration may
result from caregiver neglect via the failure to monitor fluid
intake and supply the required fluid. Clinical signs of dehydration may be difficult to sort out because of overlapping conditions in the elder. Markers at autopsy for dehydration include
sunken eyes, dry mucosal, mesothelial and serosal membranes,
diminished skin turgor and faecal impaction. Laboratory
studies helpful in diagnosing dehydration include vitreous
humour chemistry evidencing the classic ‘dehydration pattern’
(Coe 1993) and toxicology for the many classes of drugs that
cause fluid loss or impair appetite.
Drug therapy for the elderly is sui generis. It is incumbent
on physicians and other caregivers to minimise adverse drug
reactions in this at-risk population and to ensure proper treatment. They must appreciate the special kinds of drug–drug
interactions, metabolism and pharmacokinetics in this group
treated simultaneously for many age-related conditions
(Bressler and Bahl 2003; Crome 2003). Benzodiazepines and
narcotics can impair thermoregulatory homeostasis and predispose the elderly to life-threatening hypothermia (Taylor et al.
2001). Equally important for clinicians is recognition of substance misuse among the older population. As a potential
mimic of markers for abuse, it may be atypical, mistaken for
other conditions, and hence easily missed (McGrath et al.
2005).

Forensic neuropathology
A complete neuropathological examination (Rubio 2010) by
appropriate consultants is necessary to distinguish markers of
abuse and neglect from innocent injuries and natural agerelated conditions. Such evaluations (see Chapter 19) will distinguish falls from impact injuries of the head, cerebral atrophy
and subdural haematomas of varying age, atherosclerotic cerebrovascular disease and stroke, and the large variety of dementing illnesses.

Violent elder homicide
Injuries and death resulting from abuse and neglect of elders
are relatively large and growing as the number of aged increase
in the general population worldwide. As distinctly vulnerable
citizens, the elderly are also subject to various forms of violent
crime. In such cases, it is of value to identify common characteristics of lethal violence against elders, which overlap with
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investigatory considerations among younger groups, as a first
step in preventing elder homicide: age, race, sex, cause of death,
location of death, seasonality, perpetrator profile, motive for
violent assault, toxicological factors and sexual aggression
(Collins and Presnell 2006).

41.7 Conclusions
Although research and practice identifying elder abuse
and neglect have improved since 2000, the conclusions of
the US Attorney General’s expert panel (NIJ 2000) are still
applicable:
• No accepted signs have been adopted. Findings, however,
are generally established that require multidisciplinary
investigation.
• Screening tools and guidelines are slowly being developed
with extensive research.
• Effects of ageing mask many features of abuse and neglect.
• Ageism is rampant among many caregivers and impedes
recognition by clinicians.
• Adequate numbers of geriatricians and engaged death investigators are lacking.
• Monitoring patterns of abuse in institutions, at home,
by clinicians and in emergency departments needs
improvement.
Implementing strategies that target elders at risk will rely on
comprehensive, multiagency coordination and collaboration of
stakeholders at the international, federal, state, local and tribal
levels. Identification of affected populations of elders and caregivers, as well as markers of potential abuse and neglect that
require evidence-based explanation for exclusion, constitutes a
significant challenge for forensic investigators as the number of
elders steadily increases. Engagement of health care professionals and policy makers is essential.

Useful website
Clearinghouse on Abuse and Neglect of the Elderly, www.cane.udel.edu
(last accessed 2 April 2013).
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42

Self-Harm

Gerhard Kernbach-Wighton

42.1 Definitions, phenomenology and
underlying causes
The terms ‘self-mutilation’, ‘self-injurious behaviour’, ‘selfinflicted injuries’ and ‘self-harm’ describe intrusions into someone’s individual and personal physical integrity and health
without suicidal intention. The causes for such auto-aggressive
tendencies are diverse and may result from diseases or of excessive personal or pecuniary demands. Auto-aggression may also
originate from massive stress, but the most common is multifactorial (Table 42.1).
Self-injurious behaviour represents an extreme human
behaviour. Simple attempts may be gnawing and tearing out
fingernails, plucking hair as well as excessive demands regarding sports, work, eating and drinking. The wide spectrum of
injuries comprises all degrees of severity from superficial cuts,
deep incised wounds and even to self-amputations (Fig. 42.1).
Self-injuries result from maladaptive coping strategies used
to cope with acute strain and/or stress. There is a considerable
over-representation of young females. Self-inflicted injuries
may also be used to fake criminal offences, may be partly sexually motivated, or used to obtain secondary benefits as, for
example, relief during custody or insurance claims.
It is one main task of clinical forensic medicine to contribute
to the decriminalisation of female borderline patients who have
caused a legal chain reaction mainly due to poor communication. These cases cannot be assessed based on morphological
findings alone, but the examination should be the first step to
establish co-operation with a psychiatric clinic. Within the field
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of clinical forensic medicine most physical examinations are
carried out on behalf of the police, procurator fiscal/public
prosecutor or the courts. The underlying question is usually
whether the injuries were self-inflicted or whether there is a
possibility of a third person being involved. The direct reason
for an examination in the majority of cases is a report to the
police against an unknown person, pretending aggressions had
been carried out by this unknown individual.
Experimental studies on animals have revealed that longer
periods of isolation may result in auto-aggressive behaviour
although there could be particularities pointing to common
causes which have not yet been identified. Elevated plasma
levels of met-encephalines have been found in auto-aggressive
animals (suppressed by antimorphines). Dopamine antagonists
are known to sometimes provoke self-injuries in monkeys. Such
actions may partly be associated with morphological alterations
within the brainstem area (degeneration of the corpus striatum). It is also known that decreased serotonin levels may
trigger self-aggressive behaviour. Lowering of the serotonin
concentrations is considered to be possibly the result of isolation (inhibition by 5-hydroxytryptophane).

42.2 Historical aspects, epidemiology
and statistical data
Old reports about self-injurious behaviour dating back to the
4th century exist around the Roman armed forces where selfharm was used by unwilling soldiers. This was the reason why
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the Emperor Flavius Gracianus (374–383 AD) imposed Draconian measures as punishment to prevent its spread in the military field. There are also reports about self-harm in civil life, for
example beggars or disabled individuals who injured themselves to cause sympathy (e.g. the so-called Achtbuch von Augsburg 1342–1343, a chronicle by Matthias of Kemnat 1475).
Self-injuries are not recorded in official national statistics or
by social authorities or insurance companies. In cases of fatal
outcome, self-injuries are registered as suicides. Recent AngloAmerican literature gives a frequency rate of self-harm of
approximately 0.6–0.8% for the whole population. Within this
group the proportion of 15–35-year-old individuals is esti-

Table 42.1 Typical causes of self-injuries and their morphology.
Basic disorder

Morphology

Psychoses, especially
hallucinating-paranoid

Sharp force, sometimes bizarre
or severe lesions

Borderline personality

Mostly cuts

Artificial disorders

Provoked symptoms

Lesch–Nyhan syndrome

Bite injuries to lips, etc.

Prisoners

Cuts, swallowing of foreign
bodies

Faking of offences

Cuts

Youth culture

Piercings, tattoos

Body modification

Branding, stretching, scarring

Insurance fraud

Amputation of body parts
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mated to be around 2% and that of psychiatric patients to be
about 4.3%. The gender ratio female : male is approximately
2 : 1. There exists also a high prevalence among mentally disabled patients in psychiatric hospitals with closed wards and also
among patients with borderline personality disorders (c. 14%
within each group). Further groups showing special prevalence
are male prisoners (c. 8%) and individuals with antisocial disturbances (c. 24%).
The German psychiatric literature has documented 13 726
auto-aggressive acts and 10 573 aggressive acts by strangers
within the 10-year-period from 1976 to 1985 (KernbachWighton and Thomas 1996). The ratio of suicides to suicide
attempts to aggression by unknown persons is approximately
1 : 3 : 9. There is a decrease of aggressive acts by unknown
persons and an increase of auto-aggressions with increasing
age. Approximately 15% of psychiatric patients in Bavaria
showed autodestructive behaviour within the first 4 weeks of
hospitalisation.
In the Institute of Forensic Medicine at the University of
Göttingen, Germany, the frequency of physical examinations
regarding possible self-inflicted injuries was approximately one
per month during the time period 1990–2004 (KernbachWighton et al. 1997). The gender ratio of females : males was
about 4 : 1 with the age of most of the women examined ranging
between 15 and 25 years. There were substantial differences
between patients examined within a forensic medicine department and those from psychiatric clinics. One reason is that
physical examinations in the former are usually carried out on
behalf of the procurator fiscal/public prosecutor or police following a report to the police about an aggressive act committed
by unknown persons where possible self-inflicted injuries have
to be considered.

Figure 42.1 Multiple, superficial and parallel, fine abrasions appearing as grouped cuts on the inner aspect of the left forearm in
a male.
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42.3 Classification and
phenomenology of
self-harm groups
42.3.1 Groups of less relevance to
forensic medicine
Hereditary forms
The pathological mechanism associated with the Lesch–
Nyhan syndrome (x-chromosomal recessive Co26 region of
the long arm) are disturbances of purine metabolism result
ing in hyperuricaemia and multiple neurological symptoms
(e.g. choreoathetoses, hyper-reflexia, mental retardation). The
main symptoms regarding auto-aggression are obsessive selfmutilation, most often gnawing on the lips and fingers, partly
leading to massive ulcerations. Female heterozygous individuals
are likely to show mosaicism-like clinical pictures.
Seventy per cent of cases with the Smith–Magenis syndrome
(a special form within the Spanish-speaking area is called the
Kelley–Seegmiller syndrome) show a type 17p11.2 deletion.
This is associated with mental retardation, behavioural disorders, hyperactivity and self-injuries. In some of cases malformations of the ears, nose, eyes, heart and kidneys are seen.

Ornamental scars, piercing and cultural and
religious self-injuries
Tattoos and piercings with ornaments or other items put into
them (e.g. in the lips, ears and tongue) can be found in different
groups of society and patients. These modifications are categorised as self-inflicted lesions. Injuries originating from puberty
rites and tests of courage also belong to this group. Self-injuries
are also known from initiation rites, which are common among
some peoples, for example scarifying the face, filing, drilling or
even pulling teeth (Africa) and dying them black (Asia), as well
as burns (typical in Buddhism) plus treatment of the injuries
with oil or herbal extracts to prolong the healing process.

Body modification
Reports from the USA have revealed a relatively new type of
self-injurious behaviour, so-called body modification or ‘bod
mod’. Branding, stretching and cutting are applied during sittings which may last for hours or even a couple of days. Extreme
variants of this ‘mutilation culture’ include, for example, multiple splitting of the tongue using laser techniques. Some other
common procedures include the implantation of needles or
metal ornaments underneath the skin.
Although the origin of these unusual body rites is not clear,
it appears that they aim particularly at self-control over pain
sensations. Wounds may be treated with salt or mineral powder
to achieve scars that are as eye-catching as possible. However,

the motivation of ‘bod mod’ has not yet been clarified. It is one
possibility that the painful procedures are used to fill physical
emptiness. This may be enhanced by endorphin effects which
are supposed to lead to opening of consciousness during long
sittings. It is also unclear whether body modification represents
a type of self-therapy or whether it is pathological. Mostly, body
modification is presented as a type of subculture dealing with
embellishments and/or art form. Dangers for health result,
especially from infections or insufficient hygiene.

Artefacts and artificial disturbances/factitious
disorders
According to the International Classification of Diseases 10
(ICD 10) paragraphs F68.0 and F68.1 these can be briefly
defined as:
F68.0: Elaboration of physical symptoms for psychological reasons.
F68.1: Intentional production or feigning of symptoms
or disabilities, either physical or psychological [factitious disorder].
It can be taken from the ICD 10 definitions that F68.0 describes
the production of physical symptoms based on psychological
reasons as well as their aggravation and prolongation being
characteristic for attention-seeking behaviour. Impairment of
pain is often found as well as dissatisfaction concerning treatment and in a few cases even aiming to gain financial benefits
or compensation. The basis is a disturbance of the patient’s role
and relation to illnesses in general. Physical and/or psychological symptoms are feigned or produced intentionally. For
example, operation wounds might be re-opened or massive
scratch injuries reaching the fascias of muscles.
The subgroup of patients with Münchhausen’s syndrome
are characterised by case histories which are often very bizarre
and full of details (pseudologia phantastica). So-called hospital
hoppers may cause lengthy diagnostic procedures and prolonged hospitalisation. It is not rare for the patient to take
non-indicated drugs (e.g. insulin, laxatives), to inject infected
material, self-withdrawal of blood to fake anaemia or protracted vomiting to provoke electrolyte imbalances.
F68.1 of ICD 10 gives a description of artificial disturbances
as ‘intentional production or aggravation of physical and psychological symptoms’. An imitation of pain may be used to
initiate repeated examinations and/or operations. Such symptoms usually verify a medical history that has been produced.
Most of the involved individuals are believed to be females (c.
80%) and in the medical professions (about one-third).
Intentional self-harm by chronic intoxications forms a
special subgroup. Drugs influencing mood and motion are used
as ‘vehicles’. Due to poor compliance and habituation to medication, situations of exogenous strains often result in abuse and
dependency. A particular role of dermatological symptoms has
been found in the area of artefacts.
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Defined psychic disturbances
Self-injuries are also known as symptoms of numerous psychiatric diseases; the total number of people with psychiatric disorders within the European population is estimated to be about
3%. Schizophrenia is the most common disease (c. 60%), followed by affective psychoses, oligophrenia and cerebral-organic
processes. Self-injuries are often used as an appeal (a ‘cry for
help’) or a transition to suicidal acts.
Psychoses often lead to acute, rapture-like acts with massive
destructive energy and inconsiderateness (e.g. self-castration,
brutal suicides). The acute phase comprises the so-called Van
Gogh syndrome, and the residual phase the Puerto Rico syndrome. In patients with affective psychoses and depressive
disease processes, self-injuries are used as a means for ‘active
remorse’ due to feelings of guilt and fear.
Paranoid personality disorders mostly involve sensitive and
emotionally rigid individuals. These disorders may lead to different types of self-inflicted injuries via excessive reactions as
well as via distrust and aggressiveness. Antisocial and dissocial
personality disorders are frequently seen with individuals
showing a lack of empathy and a disregard of social norms. In
particular, low frustration tolerance, irritability and high
aggressive potential may result in demonstrative self-injuries in
these patients. A lack of empathy and a theatrical egocentric
performance are considered to be very characteristic for hysteric and/or histrionic personality disorders.
Patients with intellectual deficits (oligophrenia) are known
to tend to suffer from occasional panic-like aggressive outbreaks with various types of self-harm, which may lead to
suicide, often triggered by banal events, as in acute excessive
demand (Fig. 42.2). Self-injuries seen in such patients are

779

frequently characterised by rapture-like acute and brutal
decompensations.
Cerebral-organic disorders as well as autochthonous/
symptomatic epilepsies may also cause self-aggressive behaviour. Diverse symptoms as in, for example, emotional instability
and reduced ability to be critical are especially seen to be due
to traumatic, vascular, infectious and age-associated alterations.
Epilepsies can induce chronic auto-aggressive behaviour in
male individuals with a typical picture of semi-unconsciousness
leading to knee-jerk reactions under massive violence and
inconsiderateness for oneself, comparable to symptoms of
psychoses.

Genital self-injuries
This type of self-harm can be seen due to paranoid hallucinatory psychoses, often combined with massive brutality, especially among male patients. Genital automutilation should
primarily be considered to be a symptomatic behavioural
pattern and can be interpreted as the final stage of most different psychopathological developments. Important exceptions
are religious or culturally almost normal rites. The following
injuries can be taken as typical examples: perforation of the
urethra/bladder by manipulations with foreign bodies, injuries
to the penis including amputation, chemical burns of the
nipples and various injuries to the testicles and scrotum.

Suicidal acts
Suicide attempts are not directly regarded as belonging to the
scope of self-injurious behaviour because the intention is
usually quite different. However, it is possible that the patient

Figure 42.2 Multiple oblique cuts with different depths over the inner aspect of a forearm (suicide attempt).
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Figure 42.3 Oblique deep cut over the inner aspect of the left wrist combined with multiple, superficial, tentative incisions (suicide).

is pretending that an assault is the cause of injuries and accidentally dies. On the whole, there are often gradual transitions
in the injuries seen in patients with borderline personality disorder (Figs 42.3–42.5).

Self-burning
In most of these cases, the phenomenon has been reported in
connection with religious or political conflicts. Such acts aim
to gain attention with the public. Self-injuries with a comparable degree of severity are otherwise seen only due to paranoid
hallucinatory psychoses.

42.3.2 Groups of more relevance to
forensic medicine
Simulation
Simulation is primarily used to gain pecuniary or other secondary benefit from diseases. A sort of wilful faking is connected
to a defined reason expecting a specific advantage. In situations
of excessive demands, in particular, diseases are imitated by
provoking physical and/or psychic symptoms. The frequency of
simulations appears to be rather high within the forensic and
military fields.
The above-mentioned injuries which have been qualified as
‘non-overt’ do not originate from the borderline group but
form part of the artificial disorders group (e.g. manipulations
to wounds). Sometimes, an invented medical history is combined with a picture of a glamorous personality and faked
experiences in patients with Münchhausen’s syndrome. Most

of the injuries are not life-threatening and are usually presented
in a very eye-catching manner. Within the area of social legislation this group of patients often remain clinically modest,
although important hints may be drawn from frequently seen
incapability of working due to illness.

Penitentiary system
The frequency of self-inflicted injuries among prisoners lies in
the same range as that within the normal population. Important reasons may be appellative purposes, contrariness, craving
for recognition, assignment of guilt and narcissistic behaviour.
The spectrum comprises, for example, refusal of alimentation,
injuries by most different tools, infections of existing wounds,
and swallowing of cutlery, needles or plaster. There is a particular predisposition among prisoners on remand (‘custody
shock’).

Military service
Soldiers faking diseases or carrying out self-mutilation (rare
today) in order to escape duties arising from military service or
personal danger may be prosecuted by law under a charge for
desertion. In contrast, massive histrionic symptom patterns
have been reported from World War I, leading to so-called
protreptical procedures for treatment (e.g. electric shocks).
During World War II, German soldiers in particular showed
sometimes extreme vegetative symptoms. The fact that this
phenomenon occurred only rather late in the war (after 1943)
is said to be due to the fact that there had been a massive deterrent inflicted by punishment battalions. It has also been reported
that some soldiers shot themselves (the so-called ‘going-home
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Figure 42.4 Longitudinal cut over the wrist with multiple tentative incisions (suicide).

Figure 42.5 Multiple cuts over the inner aspect of a left forearm, some superficial and some of them deep (male suicide).

shot’), sometimes through bread to avoid contamination by
gunpowder gases. Other frequent methods used were eating
bad food or intentional smear infections by faeces.

Insurance fraud
The main aim of individuals committing insurance fraud is to
claim high sums insured from, for example, accident insurances
after having a limb amputated due to an alleged accident. The
most common phenomena are self-amputations (first or second
finger, depending on handedness). Case histories are rather
monotonous and can often be clarified with regard to the ‘limb

valuation’. This means that the sum insured can be greatly
increased if a particular finger has been lost, such as the thumb
of the right hand with right-handedness. There can often be
found incongruent presentations of the incident, which are
typically simple and overloaded with trivialities. Amputated
parts of limbs are disposed of to prevent surgical treatment.
The main group performing this special type of selfmutilation consists of males. Most of the faked accidents
‘happen’ during leisure time. The examination of amputa
tions suspected of being self-inflicted is based on the morphological features of the injury and the amputated body part
and the material/tool involved (e.g. saw, wood) as well as on
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examination of the scene including a functional reconstruction.
The main characteristics of a real accident may be described as
severe and destroying injuries, whereas self-amputations often
show isolated and linear/clean lesions. A lack of accompanying
injuries and sometimes even indications of possible local anaesthesia would support the assumption of self-amputation.

Faking of criminal offences
The phenomenon of self-injuries became once more widely
known due to an incident which happened to a young female
in Halle/Saale in Germany a few years ago (Kernbach-Wighton
et al. 1998; Faller-Marquardt and Pollak 2006). The patient
reported a politically motivated physical assault to the police:
that she had allegedly been attacked by a group of young males
belonging to right-wing extremists (neo-nazis). She said that
she had been repeatedly injured in her face by her attackers
cutting several swastikas. However, this assault was proven to
have been faked and the young female confessed that she had
injured herself. It is a frequent experience that the public sensation depends widely on the degree of touching a taboo.
Sometimes, self-inflicted injuries can be seen in order to
blame police officers following arrests or to fake situations of
self-defence. Some self-inflicted injuries would not carry criminal consequences within most European countries but the situation is different if a definite accused has been named. This may
fulfil the conditions of false suspicion and/or slander. If a report
is made to the police about aggression by unknown persons this

might represent faking a criminal offence. Another person who
has been persuaded to injure an individual on someone else’s
behalf may be prosecuted as well. Cases of attempts to claim
illegally insured sums can be followed by a charge for insurance
fraud. Social insurances may also be involved due to financial
loss arising from unfounded payments subsequent to for
example faked diseases. Doctors involved are at risk of being
prosecuted for helping with claiming benefits, false documentation or certification of a health state, fraud and falsification of
documents.
Cases of real faking criminal offences must not be confused
with those of the intermediate (borderline) group. The latter
patients use the mechanism of self-injurious behaviour in the
sense of an appeal for help as non-verbal communication.
There are also transitional forms aiming for attention and care.
Accounts of scenarios during assaults are characterised by relative uniformity and often stereotypes concerning descriptions
of persons involved. The biggest part of this group is formed
by girls and younger women. Most of the lesions are caused by
very sharp items which may easily be the source of wrong diagnoses (Table 42.2).

Overt self-injuries due to specific
personality disorders
Common characteristics are personal and social impairments
caused by disturbances within character and behaviour. The
initial manifestation usually happens during childhood and

Table 42.2 Psychological and morphological criteria and characteristics shown in patients or examinees showing self-inflicted injuries.
Criteria

Overt lesions

Concealed lesions

Intermediate group

People involved

Females aged 20–30 years

Often males aged 30–50 years

Females aged 20–30 years

Psychiatric findings

Often borderline syndrome

Factitious disease

Severely disturbed personality

Willness to have therapy

Usually frequent

Provoking actions by others

No

Consciousness

Often reduced

Not altered

Mostly unaltered

Reality/imagination

No mixture

Pseudologia phantastica

Unclear definition

Condition suspected

Not unknown

Unknown

Unknown

Reported to police

No

Often

Often and repeatedly

Particularities

None

Simulation, subgroup
Males: Munchhausen’s syndrome

None

Preferred regions

Different manifestations – areas with lower sensitivity to pain

Tools used

Very sharp blades, etc.

Types of lesion

Variable – often superficial cuts, sometimes burns/scaldings

Range of variation

Very wide

All symptoms

Mostly superficial

Severity/monotony

Slight/severe/repeated

Variable, often monotone

Mostly not severe

Numbers of lesions

Mostly high/punctual

Often single lesions

Often numerous

Age of injuries

Great variability

Variable

Variable

Special patterns

No

No

Occasionally combinations
(cuts and bond traces)

Varying, rarities

Very sharp blades, etc.
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adolescence. The principal signs show as imbalance of emotions, drive and impulse control. Such behaviour, characterised
by permanent and uniform non-appropriateness, causes considerable restrictions of professional and social performance
for the patient. According to ICD 10 the following can be
differentiated:
F60.3: An emotionally unstable personality with impulsive
behaviour, unstable mood and lack of life planning,
with frequent crises.
F60.30: An impulsive type also characterised by unstable
mood, but with more aggressive outbreaks and low
tolerance to criticism.
F60.31: A borderline type, making up about 13–14% of individuals who self-harm, 20% of whom have made
suicide attempts earlier or will do later.

Borderline personality
The most important characteristics are unstable drive and
emotion, partly due to self-hate. Self-awareness, aims in life and
inner preferences are unclear, combined with a chronic feeling
of inner emptiness. Interpersonal relations are often very intensive but unsettled at the same time. Emotional crises may
repeatedly happen with suicide threats and self-harm and are
often accompanied by multiple substance abuse and eating
disorders.
The beginning of the borderline personality disorder is currently dated within childhood and adolescence, being the result
of a lacking dissociation. Dissociation describes the capability
of an individual to combine good and bad features of a person
within one external representative. Different parts within the
personality of an individual cannot be separated from each
other. This type of incompetence causes a loss of orientation
and the persisting feeling of ambitendency develops to be
more and more unbearable (disturbed dissociation, induced
depersonalisation/derealisation).
In this situation self-injurious behaviour offers a way out,
returning to normal via a reduction of emotional tension. The
medical histories of female borderline patients quite often
reveal neglect, violence within the family and multiple substance abuse as well as sexual abuse. In connection with this,
self-harm has effects similar to a ‘pressure valve’ comparable to
antidepressants, but the mechanism appears to be much more
efficient than any medication and psychotherapy.
The typical course of a period leading to self-injurious
behaviour is characterised by increasing emotional tension with
restrictions of personal interests, often due to a crisis within a
relationship or due to lack of success or personal failure. Inner
conflicts exist prior to the acute situation but are exacerbated
by the external factors. The patient directs his or her aggressive
potential against themself because of being scared of destroying
relationships. Self-injuries like superficial cuts to the skin are
used to return to a state of lower emotional tension in the
majority of cases. There have been assumptions regarding
endorphin effects, but body areas especially sensitive to pain are

Figure 42.6 Multiple, grouped, superficial scratches over the
external aspect of the left forearm in a 19-year-old female
(borderline patient).

usually avoided. However, there does appear to be importance
attached to ‘running blood’.
Self-injuries seen on borderline patients are ‘overt’ and not
concealed. Typical patterns are uniform and stereotype, often
superficial, and only occasionally deeper with cuts over the
arms and legs, sometimes forming a network-like pattern, consisting of old and recent lesions. The wide range of different
injuries includes scratches, slighter incised wounds and burns,
as well as rare amputations or stab wounds. Cuts and scratches
are typically numerous, parallel and unilateral, and rarely symmetrical (Fig. 42.6). Patterns may show long and curved courses
related to handedness. Scars are indicative of previous events.
The whole phenomenon can be summarised as a nonsubstance-related addictive behaviour with a tendency of
dramatisation and re-staging. Damage to clothing is rare and
these are not usually soaked with blood.

Intermediate (third) group
Most of the patients within this newly defined group are females
aged between 18 and 30 years. They are likely to belong to the
borderline group forming a connection between patients with
overt and non-overt self-inflicted lesions. Most of the injuries
are typically superficial and uniform cuts (Fig. 42.7). The situation of self-harming is probably characterised by an unaltered
state of consciousness without aiming for financial or other
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Figure 42.7 Several grouped superficial cuts over the
anterior aspect of the right thigh in a 35-year-old
female, with a history of previous self-injuries with
razor blades.

benefit. It is most likely that a feeling of being ashamed for the
self-injuries is the reason for reporting an assault committed by
unknown persons. It is a common opinion that it is ‘impossible’
to injure oneself and such injuries are considered ‘taboo’. For
the involved ‘victim’ the border between reality and imagination may become unclear, so that sometimes third persons are
accused with the patient increasingly sure of their own convictions. A report to the police often appears to be the result of
being put under pressure by the family or other people.
Unlike in the isolated borderline disorder, there are existing
doubts regarding the origin of the injuries. There can be a
greater variability of severity and age of the wounds. The main
differences between the intermediate (third) group and borderline patients are these two criteria (repetition and wound age)
with little difference in type of lesions. The account given by
the patient is often very characteristic, revealing a general
description of the incident including a presentation of stereotypes with monotone repetitions On the one hand a few details
may be accentuated excessively (e.g. a weapon used) whereas
there is often a remarkable lack of detail on the other hand (e.g.
regarding a suspect).

Forensic medical approach
Contrary to the usual course of examinations with other types
of self-inflicted injuries, the procedure is different for cases of
suspected borderline disorder. Typically, five stages can be differentiated: basic situation, examination, latency period, reaction and preparation of therapy.
The starting point usually is a report to the police about an
assault, resulting in a forensic medical examination. There is no
uncertainty regarding the origin of the injuries for the patient
him- or herself, but sometimes being ashamed of the whole
situation in front of their family prevents the patient from

admitting self-injurious behaviour to them. Due to the pressure
from friends and relatives the patient reports the ‘incident’ to
the police via a charge against an unknown person.
One main purpose of the forensic medical examination is a
detailed documentation and analysis of all single injuries. The
examiner has to make clear that the injuries represent a type of
language used as an appeal for help and that there are no doubts
about wounds being self-inflicted. It is a typical for the examinee to listens attentively to the offered information for a certain
period of time, usually initially without any negative reaction.
Occasionally patients develop a sort of strong resistance with
intense emotional outbreaks from the beginning of the examination on.
After a latency period there may often be seen a delayed but
very intense reaction appearing as a demonstrative outrage
about the situation and diagnosis. The examiner has to wait for
this reaction to subside, but at the same time repeatedly offer
possibilities for help. An additional and very sensitive explanation of the assessment done by the examiner based on the
morphological features of the injuries often results in a reduction in the patient’s objections. Frequently, the situation leads
to massive outrage with a breaking off of contact between the
examiner and patient.
The preparation of therapy may be complicated by doublebinds, which are considered typical for borderline patients.
Such double-binds are used to describe contradictory communication messages which are usually difficult to understand.
Whereas self-injuries can be interpreted as a signal for help,
there is a very brusque verbal objection at the same time. The
latter bears the danger of intense countertransference and
polarisation. Furthermore, the forensic medical examination
must never unmask the patient but give should give them the
opportunity to withdraw from the initiated official procedure.
A report to the police due to shame and embarrassment has
started a vicious circle which cannot be broken without exter-
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nal possibilities for help. Offering help and care during the
examination are essential to open up a way to leave the dilemma
of the official report to the police.
Self-injuries have a strong communicative impact. Pressure
exerted by the patient’s personal sphere and family continues.
Longer lasting intrafamiliar arguments often precede a report
to the police. Major difficulties may arise from the contradiction of accepting help although reporting the ‘incident’ to the
police was the result of being put under external pressure.
Forensic medicine cannot and does not want to strive for any
particular type of therapy or care, but should aim to create a
situation where competent psychiatric help can be given. The
understanding of self-inflicted injuries to be a signal is the most
relevant precondition for this.
Although the public prosecutor/procurator fiscal have to
prosecute all types of criminal offences according to the principle of legality, there exists also the principle of opportunity
which may apply to cases in which self-injurious behaviour is
obvious. This principle of law allows legal procedures to be
abandoned, for example if there is only minor guilt and no real
public interest. The court can also decide to avoid punishment,
especially with younger individuals, dependent on certain conditions. This would be consistent with the proposed procedure
of decriminalisation with subsequent preparation for therapy.
Avoiding punishment is thought to be more likely the shorter
the interval between the incident and contact with the police.
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Multidisciplinary procedure
First of all it is important that injuries are recognised to be the
result of self-harming behaviour. This involves many clinical
disciplines such as surgery, dermatology, paediatrics and gynaecology. A non-verbal appeal for help via self-injuries may
provoke a non-intended reaction, which is of special importance regarding the forensic medical examination of females
suffering from borderline personality disorder. These patients
only rarely indicate a need for help themselves. In such cases
the best way is to establish a direct contact between the examinee and a psychiatric or psychosomatic clinic. Clinical help may
only be accepted after a certain delay. Other patients prefer to
make direct contact themselves later on.

Borderline cases and combined/mixed patterns
Diagnostic difficulties and problems may be caused if the
forensic medical examination reveals, for example, typical selfinflicted injuries and lesions over the neck due to strangulation
being present at the same time. Further difficulties may arise
from injuries which were inflicted with consent by a third
person. Although the diagnosis of self-inflicted injuries is not
usually a problem because of mostly typical patterns, difficulties may arise in a single case with a great range of faked symptoms. Two case reports are given to elucidate this.

Case example 1
A report was made to the police by a 28-year-old female about a robbery during which she had been throttled. She also pretended that
she had been injured by cutting to the skin. The anterior aspect of her neck showed an area with extensive abrasions. A similar alteration to the skin was noted over the posterior aspect of her neck. Furthermore there were seen over her chest and abdomen some rather
long superficial cuts and an abrasion to the upper abdominal area. Superficial cuts with a similar morphological pattern were also present
over both arms (Figs 42.8 and 42.9).

Figure 42.8 Area of superficial abrasions on the outer aspect of the left forearm of a 28-year-old female, used to fake an assault.
She had a previous history of faking criminal offences.
(Continued)
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Figure 42.9 Superficial abrasions over the anterior aspect of the neck, intended to fake throttling (same female as in Fig. 42.8).

Case example 2
A report was made to the police by a 26-year-old female regarding a physical assault including grievous bodily harm. She described an
assault during which she had been grabbed by her neck while a second male suspect injured her face by cutting. The woman explained
that the reason for this assault had been an argument about money and that she had been repeatedly threatened. The injury consisted
of five linear cuts over the right side of her face and two crossed wounds over the left side (Fig. 42.10). Furthermore there were three
oblique, streaky, reddened skin areas that partly showed a textile-like structure. She also complained of soreness at the front of her
neck and of difficulties in swallowing.

Figure 42.10 Superficial cuts to the skin of the face (left cheek area) of a 26-year-old female, sustained while being assaulted by
two males.
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Evaluation and assessment of cases
Difficulties with the diagnostic assessment result from the juxtaposition of two different types of lesions: superficial abrasions
and also cuts in the first case; cuts and reddening of the skin in
the second case. The cuts were diagnosed to be superficial
throughout, grouped and without preference to one side. If
these criteria are considered in isolatation they appear to be
quite typical for self-infliction, namely presenting uniformity
and concentration in areas which are easily accessible by the
injured individual. Infliction of the injuries by a third person
appeared doubtful, especially in the first case, because it
appeared to be very unlikely that the duration and motor precision of any mechanism could have been realised during an
assault.
Investigations by the police in the second case lead to the
arrest of two suspects who confessed the assault later on. One
of them had grabbed and fixated the victim in the region of the
neck while the other suspect injured her by cuts to her face.
The circumstances of the first case were indicative of a
borderline personality disorder. The female had repeatedly
made reports to the police about assaults by unknown persons.
Based on the medical history obtained from her general practitioner all the injuries noted could be assessed as being
self-inflicted.

42.3.3 Rarities
Occasionally, atypical and rather rare injury patterns can be
found – for instance deep stab wounds to the back, cuts to the
eyelids with additional lesions to the brain or particularly deep
stab injuries to the abdomen with opening up of the abdominal
cavity. Injuries may have atypical localisations or may be rather
atypical themselves, for example finger nail scratches of different intensities and locations. There are case reports regarding
such unusual patterns and mechanisms, such as using a blank
gun with a shot to the hand and accusing an unknown person,
venesection with a scalpel, cuts to the trachea and as an extreme
example self-amputation of an arm with a kitchen knife. Furthermore there are occasional reports about inadequate administration of drugs such as diuretics or insulin (Farle and Folks
1986; Cross 1993; Jasch et al. 2008). These types of self-harm
may well show connections to factitious disorders.
Further case reports exist about self-injections of metallic
mercury, which have a different background compared with
non-indicated medications (Hill 1967; Chitkara et al. 1978;
Hannigan 1978; Krohn et al. 1980; Oliver et al. 1987; KernbachWighton et al. 1998). A few of the examinees did not hesitate
to accuse unknown persons, sometimes with political reasons
given. The principal sign following injection of mercury
are Parkinson-like symptoms while the underlying disease is
often a narcissistic disorder with borderline disorder components together with loss of impulse control and emotional
depletion.
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42.4 Diagnostic procedures
42.4.1 Whole body examination and
documentation
The forensic medical physical examination has to include the
whole body even if certain isolated areas are particularly
impressive. All injuries have to be documented in detail and
described as exactly as possible. Sizes must be given using objective measurements (e.g. cm, mm) avoiding comparisons with
common items such as coins. The presence of a chaperone of
the same gender as the examinee is obligatory. The examination
has to be carried out on one section of the body at a time in
order to minimise psychic stress. For the same reason the examiner should aim to avoid touching the patient as physical contacts in this situation might be felt to be another ‘physical
assault’.
Documentation of the injury findings during the examination can be used to set up an empathic contact with the patient
in what often represents the first stage of further procedures. It
is important that this method of managing the process is
accepted by the investigating authorities.
An examination should always be carried out as soon as
possible after an alleged assault has happened especially with
regard to biological traces. It is also essential that there is photographic documentation with overviews and detailed close-up
views including scales. Besides obtaining all necessary samples
for DNA traces, etc. there should also be kept specimens of blood
and urine for toxicological analyses. It might be necessary to
refer the patient to a clinical consultation regarding the possibility of sexually transmitted diseases.
The diagnostic differentiation of injuries presumed to
be self-inflicted is based on several main criteria. The whole
injury pattern has to be described by lesion types, number,
severity, intensity, localisations, covering of certain body
areas, structure, order, shapes, repetition and potential threat
to vital organs; all single injuries have to be analysed.
Further criteria include possible defence injuries, accompanying lesions, scars and damage to clothes. These may provide
additional information concerning the injury mechanism
(Table 42.3).
The majority of self-inflicted injuries are rather uniform
and stereotypical with superficial lesions to the skin having
characteristic shapes. In the vast majority of cases cuts can
be seen (Fig. 42.11) and occasionally there are networks
of multiple injuries of different ages. Vital body areas and
regions which are known to be particularly sensitive to pain
are usually avoided. Contrary to this, injuries inflicted by a
third person during a real assault show widely different morphological features. Self-infliction is much the most likely diagnosis when the injury is single. Occasionally self-inflicted
injuries can be rather deep so that extensive surgical treatment
becomes necessary; this type of lesion particularly involves
males.
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Table 42.3 Differentiation of self-injuries and injuries done by a third person.
Characteristic features

Unknown perpetrator

Self-infliction

Sharp lesions

Mostly stabs, some cuts

Mostly cuts, also scratches or similar

Order

Without any rule/pattern

Grouped, parallel, symmetrical

Localisation

All body regions

Mostly unclothed areas (chest, abdomen, arms),
avoidance of pain-sensitive regions, lateralisation

Single lesion

Variable, often very deep

Uniform, superficial, similar depths

Number of lesions

Rarely numerous

Strikingly often, scars possible

Severity

Mostly severe

Usually not severe

Accompanying lesions

Mostly numerous

Solitary or lacking

Clothing

Damaged

Mostly undamaged

Defence lesions

Typical regions (ulnar aspects, inner hands)
with deep cuts or similar

Lacking or non-typical

Figure 42.11 Multiple, grouped, superficial cuts by a razor blade seen on a 54-year-old female with chronic history of self-injuries
resulting from borderline personality.

42.4.2 Criminal aspects
Criminal aspects and criteria form part of the investigations
carried out by the procurator fiscal/public prosecutor and
police although they do not directly correlate to forensic
medical work. However, in a few cases it is possible to get some
important information for example regarding the existence or
possession of a special tool/item (e.g. knife, scalpel) which
might have been used for inflicting injuries. Furthermore, discrepancies may be discovered concerning the description of the
supposed course of an incident, which is usually monotonous
and clichéd, and the patterns of injuries and pretended mechanisms. The presence or lack of blood stains at the location can
also give important hints about the type and duration of an
‘assault’.

Useful website
World Health Organization, International Classification of Diseases,
www.who.int/classifications/icd/en/ (last accessed 25 March 2013).
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43

Age Estimation in
Living Individuals

Andreas Schmeling

43.1 Introduction
Age estimation of living adolescents was important even in
ancient times. According to records in Ancient Rome, adolescents were judged to be fit for military service as soon as the
second molars had erupted completely (Müller 1990). In
England a regulation from the year 1833 outlawed the employment of children less than 9 years of age in spinning mills and
restricted the working hours of children between 9 and 13 years
to 9 hours a day. In 1837, Saunders presented a publication The
Teeth, a Test of Age, Considered with Reference to the Factory
Children, Addressed to the Members of Both Houses of Parliament, in which he elaborated on the use of teeth eruption for
age estimation. At a conference of the Munich Medical Society
on 1 April 1896, only 1 year after the discovery of X-rays, von
Ranke came up with the idea that the age of children could also
be examined with the help of an X-ray of the hand (Fendel
1976). In those days the Polish court pianist Raoul Koczalski,
who is said to have given public concerts when he was only 4
years old and who had caused a sensation as a ‘wunderkind’,
gave a performance in Munich. Von Ranke mistrusted the
young court pianist and suspected that he was older than he
had pretended, although it is not known if von Ranke verified
his suspicion with an X-ray examination. A study of the ossification of the human hand published by Behrendsen in 1897
was followed in 1909 by a publication of the American paediatrician Rotch, who believed that it is possible to estimate a
child’s readiness for school using a roentgenological skeletal age
assessment. There is a large time interval between these early
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publications and the systematic examination of the time course
of ossification of the hand. The most famous are the publications by Greulich and Pyle (1950, 1959), Schmid and Moll
(1960) and Tanner et al. (1975, 2001). However, these atlases of
radiographical anatomy were mainly used to diagnose disorders in skeletal maturity and not to estimate the chronological
age of an individual.
While only casual information was initially available on
practical forensic age diagnostics in living individuals (Hirth
1959), systematic studies started in the 1980s due to increasing
cross-border migration (Eidam et al. 1991). Since that time
several western European countries have been confronted with
the problem of assessing the age of adoptive children from
countries without birth registration, whose age was of interest
in terms of the enrolment date (e.g. Crossner and Mansfeld
1983; Melsen et al. 1986; Fleischer-Peters 1987). Forensic age
estimation is also required to determine the asylum status and/
or minority age in unaccompanied children and adolescents
entering western European countries without valid identity
papers. Furthermore, it became necessary to estimate the age
of suspects whose date of birth had not been confirmed in
order to determine the age of criminal responsibility and/or to
determine whether criminal law for adults was applicable. An
additional category is age evaluation in competitive sports to
ensure that athletes are competing within an age-appropriate
banding for the sake of both fairness and health protection
(Dvorak 2009; Engebretsen et al. 2010). Age estimation can also
be carried out to clarify pension claims if the employee claims
to be older than documented in his or her identity papers (RitzTimme et al. 2002). Finally, the issue of juvenile pornography
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has seen an increase in the past few years of the number of
expert opinions concerning the age of represented individuals
(Cattaneo et al. 2009).
A survey based on a questionnaire about the state of forensic
age diagnostics in the German-speaking area revealed a tripling
of the number of age reports by forensic pathologists, dentists
and forensic anthropologists between 1990 and 1998. Most of
the expert opinions were prepared within the framework of
criminal proceedings. The main countries and regions of origin
of the individuals to be examined were Africa, Turkey, Romania,
the Balkans, Lebanon and Vietnam (Geserick and Schmeling
2001; Schmeling et al. 2001b).
A first transregional scientific analysis of forensic age diagnostics in living individuals was conducted on the occasion of
the 10th Lübeck Meeting of German Forensic Physicians in
December 1999. At this meeting, it was suggested to set up a
study group including forensic pathologists, dentists, radiologists and anthropologists. They were to develop recommendations for the issuing of expert opinions in order to standardise
the hitherto common and varying procedures and to achieve
quality assurance. The international and interdisciplinary Study
Group on Forensic Age Diagnostics (AGFAD) was established
in Berlin on 10 March 2000. This study group has produced
recommendations for forensic age estimation in living individuals in criminal proceedings (Schmeling et al. 2001a, 2008),
in civil and asylum procedures (Lockemann et al. 2004) and in
pension procedures (Ritz-Timme et al. 2002).
Age estimates carried out properly help enhance legal certainty by ensuring equal treatment of persons with or without
valid identity documents. On the one hand, they help prevent
people wrongfully benefiting from false claims to be younger
than they really are. On the other hand, they supply exonerating
evidence for persons who are erroneously suspected of making
false statements about their age (Schmeling et al. 2001b).
The following remarks focus on forensic age estimation in
adolescents and young adults. Subsequently, the basic principles of age estimation based on child pornographic images and
for the purposes of pension procedures are explained. Finally,
measures of quality assurance in the field of forensic age diagnostics are outlined.

43.2 Age estimation in adolescents
and young adults
In line with the recommendations of the AGFAD, age estimates
carried out for the purpose of criminal proceedings should
consist of: (i) a physical examination which also records anthropometric data, signs of sexual maturation and potential agerelevant developmental disorders; (ii) an X-ray of the left hand;
and (iii) a dental examination which records dentition status
and evaluates an orthopantomogram. If the skeletal development of the hand is completed, an additional X-ray examination or computed tomography (CT) scan of the clavicles should

be carried out (Schmeling et al. 2008). The legitimisation of the
X-ray examinations needs to be checked in accordance with the
regulations applicable in the relevant country.
With a view to increasing the accuracy of age estimates and
improving the identification of age-relevant developmental disorders, a combination of all the methods should be used, and
each examination should be carried out by an expert with
forensic experience. All contributions to the overall age estimate should provide information on the methods or stage classifications as well as the reference studies used for diagnosing
age, in addition to the age-relevant findings of each examination. They should also provide the statistical parameters of
variation for each feature under examination, along with the
diagnosis of the most probable age. The expert in charge of
coordinating all contributions should compile the results in a
final age diagnosis.

43.2.1 Physical examination
The physical examination includes anthropometric measurements such as body height, weight and constitutional type, as
well as visible signs of sexual maturity. In boys these are penile
and testicular development, pubic hair, axillary hair, beard
growth and laryngeal prominence; in girls these are breast
development, pubic hair, axillary hair and shape of the hip.
The stage classification by Tanner (1962) is commonly used
to determine the status of genital development, breast development and pubic hair growth. Axillary hair growth and facial
hair growth may be assessed using the four-stage classification
of Neyzi et al. (1975a, 1975b). On average, girls reach full sexual
maturity at the age of 16 and boys at the age of 17 (Flügel et al.
1986).
Of the forensic methods recommended for age estimation,
evaluating sexual maturity shows the largest range of variation
and therefore should be used for age determination only in
conjunction with an evaluation of skeletal maturity and tooth
development. However, the physical examination is indispensable to rule out any visible signs of age-related illness and to
cross-check whether skeletal age and tooth age correspond to
overall physical development.
Most diseases delay development and are thus conducive to
underestimation of age; this would not disadvantage the person
concerned in terms of criminal prosecution. By contrast, overestimating age due to a disease that accelerates development
should be avoided at all costs. Such diseases occur very rarely
and include, above all, endocrinal disorders, which may affect
not only the attainment of height and sexual development, but
also skeletal development (Heinrich 1986). Endocrinal diseases
that may accelerate skeletal development include precocious
puberty, adrenogenital syndrome and hyperthyroidism (Stöver
1983).
The physical examination should look for symptoms of hormonal acceleration of development such as gigantism, acromegaly, microplasia, virilisation of girls, dissociated virilism of
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Figure 43.1 Hand skeleton of a male subject with epiphyseal
plates still open. His reported age was 13 years and 5 months,
and estimated age approximately 16 years. His true age was 16
years and 6 months.

boys, goitre or exophthalmos. If no abnormality is detected it
may be assumed that the probability of such a disease occurring
is well below one per 1000 (Schmeling 2004). Another indication for a possible hormonal disease is a discrepancy between
skeletal age and dental age, as dental development normally
remains unaffected by endocrinal disorders (Prader and Perabo
1952; Garn et al. 1965; Fleischer-Peters 1987).

43.2.2 Roentgenological examination of
the hand
Roentgenological examination of the hand is the second pillar
of forensic age diagnostics. The hand skeleton is particularly
suitable until the developmental processes are completed at the
age of about 18 years. The maturity status of the hand may be
considered to be representative for the entire skeletal system
(Greulich and Pyle 1959; Schmid and Moll 1960; Hansman
and Maresh 1961; Gefferth 1970; Hägg and Taranger 1980;
Thiemann and Nitz 1991).
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Figure 43.2 Hand skeleton of a fully developed male subject.
His reported age was 17 years and 8 months, and estimated age
at least 18 years. His true age was 22 years and 8 months.

It has been agreed that an X-ray of the left hand should be
taken as, in all populations, the number of right-handers is
higher, and as a result the right hand is more often exposed to
trauma that can impair the skeletal development (Greulich and
Pyle 1959; Graham 1972). However, there are no reported significant differences in the ossification rate of right and left
hands (Roche 1963; Liliequist and Lundberg 1971).
Criteria for evaluating hand radiographs include the form
and size of bone elements and the degree of epiphyseal ossification. Figure 43.1 shows a hand skeleton of a male subject with
the epiphyseal plates still open, while Fig. 43.2 shows a fully
developed hand skeleton of a male subject.
The procedures to determine skeletal age can be classified
according to three basic principles: atlas methods, bone-bybone methods and planimetric procedures.

Atlas methods
In atlas methods, the X-ray image to be assessed is compared
with a collection of standard images of different age groups
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divided by sex. Probably the best known and the most widely
used worldwide is the Greulich–Pyle atlas method (Greulich
and Pyle 1950, 1959). Their Radiographic Atlas of Skeletal Development of the Hand and Wrist was published in 1950 and again
in 1959. The work is based on a collection of radiological films
produced between 1931 and 1942 as part of the Brush Foundation longitudinal study. The reference population consisted of
1000 Americans born in the United States, most of northern
European origins, living in Cleveland, Ohio, and aged 0–18
years. The subjects came from financially comfortable backgrounds (Greulich and Pyle 1959). The Greulich–Pyle method
has frequently demonstrated its suitability for clinical use in the
course of its long-term international application (Johnston
1963; Mathiasen 1973; Low 1975; Roche et al. 1975, 1978;
Prader and Budliger 1977). Moreover, in conjunction with
information on measures of variation in relation to skeletal age,
this process can also be recommended for forensic age estimation (Schmidt et al. 2008a).
Compared with the Greulich–Pyle method, the Thiemann–
Nitz radiographic atlas method is based on a more recent
sample. In the former German Democratic Republic in 1977,
20 medical institutions collated and analysed 5200 hand X-rays
taken from healthy subjects aged between 0 and 18 years. The
children were selected in accordance with a standardised study
design. Height and body weight had to be within the double
standard deviation of the standard value tables of height and
body weight by Sälzler (1967) for 0–3-year-olds and by Marcusson (1961) for 4–18-year-olds. The first edition of the atlas was
published in 1986 and the second edition was published in
1991. Due to the missing ranges of scatter for skeletal age, the
forensic applicability of the Thiemann–Nitz atlas was limited.
This shortcoming was resolved in the third revised and amended
edition published in 2006. For the forensically relevant age
interval the simple standard deviation of skeletal ages is between
0.2 and 1.2 years (Thiemann et al. 2006).
In 2005, Gilsanz and Ratib published an atlas of skeletal
maturity which aims to take into account the fact that individual hand bones frequently develop at an inhomogeneous
rate. By means of the capabilities of modern digital imaging,
artificial hand radiographs were created combining skeletal
elements with an identical degree of maturity from different
images into an idealised standard image. The atlas is based on
examinations carried out since the mid-1980s at the Los Angeles
Children’s Hospital. Findings available to date show that when
the atlas method of Gilsanz and Ratib is applied there is a risk
of overestimating chronological age by up to 7.2 months in
females in the forensically relevant age groups of 14–18 years
(Schmidt et al. 2009). This procedure is therefore only applicable in forensic age estimation subject to certain restrictions.

Bone-by-bone methods
In the so-called bone-by-bone methods, the degree of maturity
of selected skeletal elements of a hand X-ray is determined. The
bone-by-bone method put forward by Tanner and Whitehouse

(Tanner et al. 1975, 2001) is widely used in clinics and in
research, primarily in Europe (Gilli 1996). Three versions of it
are in existence: TW1, TW2 and TW3. The reference population of the most widely used TW2 method comprised some
3000 British children and adolescents of the lower and middle
classes; the X-rays were made in the years between 1946 and
1970. In the TW3 method put forward in 2001 (Tanner et al.
2001), the reference population was adapted to the secular
trend. The updated reference values were based on studies
carried out in Belgium (Beunen et al. 1990), Spain (Hernandez
et al. 1991) and the USA (Tanner et al. 1997). In contrast to the
TW3 method, there is a risk of considerable overestimations of
age when determining skeletal age with the aid of the TW2
method as a result of a lower acceleration status of the reference
population (Schmidt et al. 2008b). For this reason, the TW2
method cannot be recommended for forensic purposes.
With the publication in 1988 of the work Assessing the Skeletal Maturity of the Hand–Wrist: FELS Method, another boneby-bone method was presented (Roche et al. 1988). The
reference population used in the FELS method comprised 355
male and 322 female US children and adolescents from the
southwest of Ohio, which reflects to a large degree the national
social structure. The hand radiographs were generated in the
years between 1932 and 1977. The main aim of the FELS system
was to take account of the fact that each of the individual characteristics is present for different periods of time in the course
of hand skeleton development. The longer a characteristic can
be detected in the maturation process, the less information it
provides. For this reason, just as in the Tanner–Whitehouse
system, the different characteristics receive a different weighting
in the estimation result. Here, however, calculation of the skeletal maturation score takes into account the probabilities of the
interindividually varying presence of maturation characteristics in the reference population on the objective basis of the
chronological age of their 50% incidence and the age-related
change to their prevalence (Lenthe et al. 1998). For age estimation purposes, the FELS method can only be used with special
software (FELShw), which must be purchased from the authors.
This makes it possible to calculate the FELS skeletal age and
the standard error of the estimate. However, in addition to the
measurement parameters and degrees of maturity that are
determined, details of the sex and chronological age of the
person under examination are also required, which limits its
usability for forensically relevant questions. Reference studies
for forensic age diagnosis are not available.

Planimetric methods
In a third methodological approach to determining age on the
basis of the hand skeleton, the so-called planimetric methods,
distances or areas are determined from the hand radiograph
(Carter 1926; Baldwin et al. 1928; Schmid and Moll 1960). A
recent application of planimetric principles is the method
developed by Cameriere et al. (2006). This is based on the calculation of the ossified part of the carpal region of an X-ray
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Figure 43.3 Stages of third molar eruption.

image. In this process, the total area encompassed by the carpal
bones and the epiphyses of the radius and ulna (Ca) as well as
the sum of all ossified partial areas contained within it (Bo) are
first defined by means of a CAD programme (e.g. Adobe Photoshop, Adobe Systems, Inc.). For the quotient Bo/Ca, finally,
the linear regression equation is determined which facilitates
the calculation of an estimated value of the chronological age
of the test person. Cameriere et al. emphasise that their procedure is easier to implement than the TW3 or FELS methods,
and yields estimates with a comparable level of accuracy.
According to the results of their work, the regression lines,
divided by sex, show a parallel trend, whereby the estimated age
of female persons is 0.719 years lower.
In a recent study, the accuracy and reproducibility of seven
skeletal age determination methods (those by Greulich and
Pyle, Thiemann et al., Gilsanz and Ratib, TW2, TW3, Roche
et al. and Cameriere et al.) were compared (Schmidt et al.
2011a). In the conclusion of this study, it was determined that
the methods of Greulich and Pyle as well as Thiemann et al. are
best suited to use in forensic age diagnostics.

43.2.3 Dental examination
The main criteria for dental age estimation in adolescents
and young adults are eruption and mineralisation of the third
molars. Tooth eruption is a parameter of developmental morphology which, unlike tooth mineralisation, can be determined
in two ways: by clinical examination and/or by evaluation of
dental X-rays. While ‘eruption’ incorporates the entire journey
of the tooth from its formation in the alveolar crypts to full
occlusion, ‘emergence’ is restricted to the time when any part
of the tooth finally clears the gingival margin and becomes
visible in the mouth until the stage when the tooth finally
comes into occlusion with its partner tooth from the opposing
jaw (Scheuer and Black 2000). Olze et al. (2007) defined a stage

classification of third molar eruption based on evidence from
conventional orthopantomograms (Fig. 43.3):
Stage A Occlusal plane is covered with alveolar bone.
Stage B Alveolar emergence; complete resorption of alveolar
bone over the occlusal plane.
Stage C Gingival emergence; penetration of the gingiva by at
least one dental cusp.
Stage D Complete emergence in the occlusal plane.
Various classifications have been devised for evaluating
tooth mineralisation (Gleiser and Hunt 1955; Nolla 1960; Haavikko 1970; Liliequist and Lundberg 1971; Demirjian et al.
1973; Gustafson and Koch 1974; Nortje 1983; Harris and Nortje
1984; Kullman et al. 1992; Köhler et al. 1994). They differ with
regard to the number of stages, the definition of each stage and
the presentation. Since the validity of an age estimate depends
crucially on the classification method used, practitioners should
select the most appropriate one. Olze et al. (2005) assessed the
validity of five basic types of classification: those of Gleiser and
Hunt (1955), Demirjian et al. (1973), Gustafson and Koch
(1974), Harris and Nortje (1984) and Kullman et al. (1992). Of
these methods the most accurate results were obtained with
Demirjian’s classification system (Fig. 43.4):
Stage A Cusp tips are mineralised but have not yet coalesced.
Stage B Mineralised cusps are united so the mature coronal
morphology is well-defined.
Stage C Crown is about half formed; the pulp chamber is
evident and dentinal deposition is occurring.
Stage D Crown formation is complete to the dentoenamel
junction. The pulp chamber has a trapezoidal form.
Stage E Formation of the inter-radicular bifurcation has
begun. The root length is less than the crown length.
Stage F Root length is at least as great as crown length. The
roots have funnel-shaped endings.
Stage G Root walls are parallel, but apices remain open.
Stage H Apical ends of the roots are completely closed, and
the periodontal membrane has a uniform width
around the root.
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Figure 43.4 Demirjian’s stages of third molar mineralisation.

Demirjian’s classification performed best not only for
observer agreement but also for the correlation between estimated and true age. It is argued that this is due to the fact that
Demirjian’s classification is based on a sufficient number of
stages, which are defined independently of speculative estimations of length. This leads to the conclusion that the method
devised by Demirjian should be used for evaluating the mineralisation of third molars for purposes of forensic age determination. However, a forensically usable, reliable demarcation of
the completion of the 18th year of life based solely on evaluation of the mineralisation and eruption status of the third
molars is only successful in exceptional cases, for instance when
completely mineralised impacted mandibular wisdom teeth are
present (Knell and Schmeling 2010).
After complete formation of the third molars, the assessment of the radiographic visibility of the root pulp and the
periodontal ligament in the lower third molar can be another
criteria for dental age estimation.
Secondary dentine formation is a lifelong process that gradually narrows the lumen of the pulp canal. Olze et al. (2010a)
differentiated between four stages of root pulp visibility in the
lower third molars (Fig. 43.5):

Stage 0

The lumen of all root canals is visible all the way to
the apex.
Stage 1 The lumen of one root canal is not fully visible to the
apex.
Stage 2 The lumen of two root canals are not fully visible to
the apex or one canal may be virtually invisible in full
length.
Stage 3 The lumen of two root canals is virtually invisible in
full length.
All individuals classified as stage 1, 2 or 3 were found to be at
least 21 years old. Therefore an age under 18 can easily be
excluded in these stages. But the results indicate that it may be
justified to also exclude an age below 21 years.
The disappearance of the periodontal ligament is another
optical phenomenon. The biological background for this may
be that the membrane becomes so narrow that one cannot see
it on radiographs. Also the surface of the tooth root becomes
rougher with time and thus, perhaps, also the alveolar bone
adjacent to it. Olze et al. (2010b) defined four stages of periodontal ligament visibility in the lower third molars (Fig. 43.6):
Stage 0 The periodontal ligament is visible along the full
length of all roots.
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Figure 43.5 Stages of radiographic visibility of the root pulp in the third molars.
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Figure 43.6 Stages of radiographic visibility of the periodontal ligament in the third molars.

Stage 1

The periodontal ligament is invisible in one root from
the apex to more than half the root.
Stage 2 The periodontal ligament is invisible along almost the
full length of one root or along part of the root in two
roots or both.
Stage 3 The periodontal ligament is invisible along almost the
full length of two roots.
The minimum age for stage 1 was over 18 years of age. From
stage 2 all individuals were over 21 years of age.

43.2.4 Radiological examination of
the clavicles
To answer the question of whether a person has reached the age
of 18 it is particularly helpful to evaluate the ossification status
of the medial epiphysis of the clavicle, because all other examined developmental systems may have already completed their
growth by that age. While traditional classification systems differentiate between four stages of clavicle ossification (stage 1:
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Figure 43.7 Stages of clavicular ossification. CR, conventional radiography; CT, computed tomography.

ossification centre not ossified; stage 2: ossification centre ossified, epiphyseal plate not ossified; stage 3: epiphyseal plate
partly ossified; stage 4: epiphyseal plate fully ossified), Schmeling
et al. (2004) divided the stage of total epiphyseal fusion into
two additional stages (stage 4: epiphyseal plate fully ossified,
epiphyseal scar visible; stage 5: epiphyseal plate fully ossified,
epiphyseal scar no longer visible) (Fig. 43.7).
There is only one study referring to conventional radiography that meets the requirements of a reference study as stated
by AGFAD. In this study the earliest age at which stage 3 was
detected in either sex was 16 years. Stage 4 was first observed
in women at 20 years and in men at 21 years. Stage 5 was first
achieved by both sexes at age 26 (Schmeling et al. 2004). It was
concluded that plain chest radiographs can essentially provide
a basis for assessing clavicular ossification. If overlap in the
posteroanterior views impedes evaluation, additional oblique
images (Bontrager and Lampignano 2009) should be taken to
facilitate age estimation.
In 1997 and 1998, Kreitner et al. published the first CT-based
studies in which the medial epiphyseal ossification of the clavicle was evaluated, applying a four-stage scheme. Since these
studies did not discriminate results by sex, their forensic value
is limited. In a CT study conducted by Schulz et al. in 2005,
presenting more cases and results discriminated by sex, the
five-stage classification by Schmeling et al. (2004) was used. The
earliest occurrence of stage 3 in females was noted at age 16 and
in males at age 17 years. Stage 4 was first achieved by both sexes
at age 21. Stage 5 was first noted in females at age 21 and in
males at age 22, which is 4 or 5 years earlier than is reported in

conventional radiographic studies. Schulz et al. (2005) raised
the question whether CT scans with a slice thickness of >1 mm
could cause misinterpretation of clavicle ossification status and
recommended examining the influence of slice thickness on the
age intervals of ossification stages in additional studies.
In a study on the influence of the slice thickness on the
ability to assess the stages of clavicular ossification, Mühler
et al. (2006) retrospectively analysed the CTs of 40 individuals
that had been examined within the scope of age diagnostics.
Scans with slice thicknesses of 1, 3, 5 and 7 mm were reconstructed from the obtained data. Seven out of 80 clavicular
epiphyseal plates showed differences depending on the slice
thickness in the particular stages of ossification. In one case a
slice thickness of 1 mm led to a different diagnosis of the ossification stage than a slice thickness of 3 mm, in three cases the
diagnoses differed between slice thicknesses of 3 and 5 mm, and
in another three cases between 5 and 7 mm. The authors therefore concluded that for age estimation purposes the slice thickness should be 1 mm in order to ensure maximum accuracy and
diagnostic reliability.
Recently, Kellinghaus et al. (2010a) published data from a
thin-slice CT study. In this study stage 3 was first achieved by
male individuals at age 17 and in females at age 16. The occurrence of stage 4 was first found in both sexes at the age of 21.
In either sex, the earliest observation of stage 5 was at age 26.
These findings are consistent with data from conventional
studies of the clavicle (Schmeling et al. 2004).
A further improvement of age diagnostics based on clavicular ossification was the subdivision of stages 2 and 3 by Kel-
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Figure 43.8 Stages 2a–3c of clavicular ossification.

linghaus et al. (2010b) (Fig. 43.8). Stage 3c first appeared at age
19 in both sexes. If stage 3c is found, it is therefore possible to
substantiate that an individual has already reached the legally
important age threshold of 18 years.
Schulz et al. (2008a) comparatively assessed conventional
posteroanterior radiographs and CT scans of sternoclavicular
joints used to perform forensic age assessments in 57 individuals undergoing criminal proceedings. Because of superimposition of other structures, it was not possible to determine reliably
the ossification stage of the clavicle by conventional radiography in 15 out of 114 clavicles assessed. Regarding agreement
between the methods, both radiography and CT produced
identical staging results in 97 out of 99 clavicular epiphyses. In
two cases, however, ossification was classified as stage 2 by CT
and as stage 3 by conventional radiography. Schulz and colleagues therefore concluded that in forensic age estimation
practice it is necessary that conventional radiographic reference
studies be used for ossification stage classification by conventional radiography and that CT reference studies be used for
ossification stage classification by CT.

43.2.5 Radiation exposure in X-ray
examinations
Since X-ray examinations are carried out for forensic age
estimations without a medical indication the question arises
whether the examined individuals should fear detrimental
effects due to the radiation exposure. The effective dose from
an X-ray examination of the hand is 0.1 microsievert (μSv)
(Okkalides and Fotakis 1994), from an orthopantomogram
26 μSv (Frederiksen et al. 1994), from a conventional X-ray
examination of the clavicles 220 μSv (Okkalides and Fotakis
1994) and from a CT scan of the clavicles 600 μSv (Jurik et al.
1996). Because of the relatively high effective dose of X-ray and
CT examinations of the clavicles their use should be restricted
to individuals with completed hand ossification.

In order to assess the potential health risk of these X-ray
examinations, amounts of naturally occurring and nonnaturally occurring radiation exposure are compared with
amounts of radiation exposure from radiological procedures.
The effective dose from naturally occurring radiation exposure
in Germany is 2.1 millisievert (mSv) on average per year. Apart
from direct cosmic radiation of 0.3 mSv and direct terrestrial
radiation of 0.4 mSv, the ingestion of naturally occurring radioactive substances in food contributes 0.3 mSv to the radiation
exposure. Another 1.1 mSv should be added due to inhalation
of radon and its disintegration products (BMU 2010). Compared to naturally occurring radiation exposure, one hand
X-ray is equal to the naturally occurring radiation exposure of
25 minutes, one orthopantomogram is equivalent to 4.5 days,
one X-ray of the clavicles equals 38 days and one CT of the
clavicles equals 104 days.
The highest contribution to man-produced radiation exposure is from medical procedures, at about 2.0 mSv per inhabitant per year (BMU 2010). The radiation exposure from an
intercontinental flight at an altitude of 12 000 m is 0.008 mSv/h.
It follows that the dose for a flight from Frankfurt to New York
is 0.05 mSv (BMU 2010). This means that the radiation exposure from two orthopantomograms is equivalent to the radiation exposure from one intercontinental flight. On the basis of
this comparison a relevant health risk as a result of X-ray examinations for forensic age estimations can be refuted (Schmeling
et al. 2000b).
The biological effects of X-rays also need to be considered.
In this case a distinction between stochastic and non-stochastic
radiation effects has to be made. Non-stochastic effects appear
after exposures above 100 mSv and are therefore irrelevant to
radiological diagnostics. DNA damage leading to mutations of
the genotype and malignant diseases is one of the stochastic
effects. To assess the risk of these stochastic effects in low dose
regions, the observed risk of high doses (e.g. survivors of the
nuclear bombs in Hiroshima and Nagasaki) is extrapolated
to low doses on the assumption of a linear dose–effect curve
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without a threshold dose. This procedure is a controversial
issue. A group of radiation scientists even postulated biopositive effects, the so-called ‘radiation hormesis’, in the low dose
region, such as stimulation of cellular detoxification of chemically aggressive metabolic products, stimulation of DNA repair
and an improved immune defence. So far these biopositive
effects have only been detected at the cellular level (Feinendegen 1994). In contrast, Rothkamm and Löbrich (2003) found
in cellular studies that DNA double-strand breaks after radiation exposure to low doses remained unrepaired, while DNA
damage that was caused by high doses was repaired within a
few days. To what extent the results can be transferred to the
complete organism remains unclear.
On the assumption that there is a linear dose–effect relationship without a threshold between the risk of radiation exposure
and the delivered radiation dose and that even X-rays in the
low dose region can cause a malignant disease, the German
radiation biologist Jung (2000) compared the mortality risk of
X-ray examinations for age estimations with the mortality risk
resulting from participation in traffic. He came to the conclusion that the mortality risk of an orthopantomogram is comparable to the risk of traffic participation for 2.5 hours. Thus,
the radiation risk of an X-ray examination is as high as the risk
the examined individual is exposed to on the way to the examination or trial. If the risk of an appointment for an age estimation examination seems acceptable, this should also apply to
the radiation risk of the X-ray examination (Jung 2000).
However, as long as the discussion about the biological radiation effect in the low dose region is undecided, the so-called
minimising order remains valid without restrictions. It demands
that any necessary examination is carried out with the minimum
amount of radiation and without unnecessary exposure. Thus,
no X-rays should be made beyond the examination range specified in scientific recommendations (Schmeling et al. 2008;
Cunha et al. 2009, Ramsthaler et al. 2009).

43.2.6 Non-radiation imaging procedures
In cases of age estimation where X-ray examinations should not
be used, the spectrum of methods available was, until now,
limited to a physical examination and an inspection of the oral
cavity by a dentist (Lockemann et al. 2004). The development
of radiation-free imaging procedures for assessing skeletal age
has helped to significantly improve the reliability of such age
estimations. Due to the small number of cases covered, most
studies published have to be classified as pilot studies. Both
magnetic resonance imaging (MRI) and ultrasound studies are
in existence.
In 2007, Schmidt et al. published the results of an MRI study
of 54 sternoclavicular joints from bodies in forensic autopsies
(age range 6–40 years). The ossification stage in all the medial
clavicular epiphyseal plates could be ascertained, but it was not
possible to detect an epiphyseal scar in any of these cases. As
the examinations times were nearly 3 hours, any use of this

procedure in forensic age diagnosis in living persons is not
possible.
In a comparative study on the chronological process of clavicular ossification, different ossification stages were ascertained by means of CT and MRI in two of 15 clavicles of bodies
from forensic autopsies (Vieth et al. 2010). The authors concluded that modality-specific reference studies are required for
practical age estimation purposes.
As a result of rapid progress in the field of MRI technology,
Hillewig et al. were able in 2011 to present an MRI study of the
medial clavicular epiphyseal plates in 121 living persons with
an acquisition time of 4 minutes. MRI studies on the chronological process of skeletal maturation also exist for the epiphyseal plate of the distal radius (Dvorak et al. 2007a, 2007b;
Dvorak 2009; George et al. 2012), the epiphyseal plate of the
proximal tibia (Jopp et al. 2010; Dedouit et al. 2012) as well as
the epiphyseal plate of the distal femur (Dedouit et al. 2012).
Another radiation-free imaging procedure for studying skeletal maturation is sonography. The advantages of this as compared with MRI scanning are cost efficiency and broader
availability, especially when portable systems are used. It does,
on the other hand, have the disadvantage that the generation
and documentation of findings are dependent upon the examiner. In 2008, Schulz et al. (2008b) published a pilot study on
the chronological process of clavicular ossification in 84 test
persons in the age group of 12–30 years. As ultrasound, unlike
other radiological procedures, only allows the surface of the
bone to be examined, the stage classification of clavicular ossification had to be modified (Fig. 43.9):
Stage 1 The ossification centre is not ossified; the medial end
of the clavicle has an acute-angled configuration. A
bony centre of ossification is not representable.
Stage 2 The ossification centere is ossified, and the epiphyseal
plate is not ossified; the medial end of the clavicle is
separated from the bony centre of ossification by a
clear gap.
Stage 3 The epiphyseal plate is partly ossified; both an ultrasound gap with a bony centre of ossification and a
fully ossified epiphyseal plate with a convex curved
end of the clavicle are seen.
Stage 4 The epiphyseal plate is fully ossified; the medial end
of the clavicle is convex curved. A bony centre of
ossification is not seen.
Ossification stage classification was possible in 80 of the 84
medial clavicular epiphyses studied. In the remaining cases,
stage classification was not possible due to the presence of
developmental anomalies. The authors concluded that evaluation of medial clavicular epiphyseal ossification by ultrasound
could be a rapid and economic non-ionising diagnostic imaging
procedure for forensic age estimation.
A further ultrasound study on clavicular ossification was
presented by Quirmbach et al. (2009). Schmidt et al. have
recently published ultrasound studies on the chronological
process of ossification of the epiphyseal plates of the distal
radius and of the iliac crest (Schmidt et al. 2011b, 2011c).
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Figure 43.9 Sonographic stages of clavicular ossification.

For the future of age estimation practice, a reduction in
radiation exposure as well as an improvement in reliability
in cases where the use of X-rays is not legally legitimised is
to be expected thanks to the use of radiation-free imaging
procedures.

43.3 Influence of ethnicity on
development
The subjects of forensic examination mostly belong to populations for whom no reference studies are available that could be
used for forensic purposes. The question therefore arises of
whether there are significant developmental differences between
various ethnic groups which would prohibit the application of
relevant age standards to members of ethnic groups other than
the reference population. In this respect the term ‘ethnicity’ is
used only to identify the affinity of various populations in
terms of origin.
Comprehensive studies of the relevant literature have
revealed that the major ethnic groups of interest to forensic age
estimation achieve defined stages of ossification, dentition and
sexual maturity in the same natural sequence. It is therefore
generally possible to apply the relevant reference studies to
other ethnic groups (Schmeling et al. 2001c).

43.3.1 Skeletal maturation
Numerous studies are available on the skeletal maturation of
all major ethnic groups (see the overview in Schmeling et al.
2000a). There are several potential factors of influence and their
simultaneous action makes assessment of retardation a difficult
exercise. This problem is exacerbated by the limited validity of
some investigations due to small sample size, the exclusive con-

sideration of non-relevant age groups, lack of information on
health, ethnic identity and socioeconomic status, and absence
of confirmed data on proband age. Hence, for the problem at
hand, the greatest relevance may be claimed for studies on
various ethnic groups of similar socioeconomic status living in
one region or populations of one ethnic group of the same
socioeconomic status living in different regions. Such studies
are available from the USA where research has been conducted
on descendants of Caucasoids, Mongoloids and Africans as well
as from numerous ethnic groups of the former Soviet Union.
In a comparison with the Greulich–Pyle standards, Sutow
(1953) discussed racial differences as one of the causes of
retarded skeletal maturation of Japanese children living in
Japan. His findings were checked by Greulich (1957) who
referred to Japanese individuals living in the USA. He studied
hand bone development in 898 children of Japanese descent
aged between 5 and 18 years living in the San Francisco Bay
area of California. While retarded skeletal maturation, in comparison with the Greulich–Pyle standards, was recorded by
Sutow for all age groups of Japanese living in their own country,
such retardation was detected by Greulich only in boys aged
between 5 and 7 years. Boys aged between 13 and 17 and girls
between 10 and 17 years even exhibited comparative acceleration. Greulich concluded that the significant retardation, in
comparison with the Greulich–Pyle standards, recorded for
children living in Japan was attributable to less favourable
nutritional and environmental conditions rather than to racial
differences. Improved living standards in recent decades has
resulted in accelerated skeletal maturation even in Japanese
living in Japan (Kimura 1977a, 1977b) which, in the meantime,
has come to lie within the range of socioeconomically advanced
European populations (Wenzel et al. 1984; Beunen et al. 1990).
Whereas some authors (Massé and Hunt 1963; Garn et al.
1972) reported comparatively accelerated skeletal development
in Africans in early childhood, ethnic origin obviously has no
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significant impact on the bone growth rate in later childhood
and adolescence. Platt (1956) studied skeletal maturation in 100
black inhabitants of Florida, 143 blacks in Philadelphia and 100
whites in Philadelphia aged between 5 and 14 years. In none of
these three groups was skeletal age, as determined by identical
X-ray standards, significantly different from chronological age.
Platt compared his results with studies on black residents of
Africa. Mackay (1952) recorded retardation by 1.5 to 2 years for
East Africans, while Weiner and Thambipillai (1952) recorded
an average retardation of 16 months for West Africans. The
assumption of an ethnic impact on skeletal maturation would
justify an expectation of a continuous series of phenomena
ranging from severe retardation in blacks in Africa to moderate
retardation in black Americans who had mixed with whites to
an absence of retardation in whites. Such continuous series do
not exist, and Platt, consequently, postulated health and nutrition as the major factors influencing skeletal maturation. Skeletal maturation in 461 black and 380 white Americans in the
Lake Erie region was studied by Loder et al. (1993) between
1986 and 1990. Using the atlas method of Greulich and Pyle on
the age group of 13–18 years, they recorded comparative acceleration of 0.45 years for white boys, 0.16 years for white girls,
0.38 years for black boys and 0.52 years for black girls. Johnston
(1963) studied the same age group of white Americans in Philadelphia using the same method and found acceleration values
of 0.39 years for boys and 0.58 years for girls. Johnston’s data
for white Americans were almost identical with Loder’s findings
for black Americans, which seems to clearly underline that in
the populations of the age group studied there were no ethnic
differences with regard to skeletal maturation. Roche et al.
(1975, 1978) investigated skeletal maturation in the context of
race, geographic region, family income and educational standards of parents in a representative cross-section of the US population aged between 6 and 17 years. They found no consistent
black–white differences, no significant differences between
regions and no urban–rural differences.
Comprehensive studies were conducted on skeletal maturation in different ethnic groups of the former Soviet Union, and
16 studies of 17 ethnic groups in different climatic and geographic zones of the former Soviet Union were evaluated by
Pashkova and Burov (1980). Included were Russians, Ukrainians, Georgians, Armenians, Azerbaidjanis, Balkarians, Cabardines, Kazakhs, Tadchiks, Uzbeks, Ingushi, Chechenians,
Udmurtians, Chukchen, Koryaks, Intelmenians and Evenkians.
The range of variation at all stages of skeletal maturation was
less than 1 year in all populations studied. However, the causes
of those variations were attributed by the authors to relatively
small samples, different methods and techniques used in the
studies, or undiagnosed diseases of probands but were not
attributed to ethnic, regional or climatic differences.
Studies so far evaluated seem to suggest that there is a genetically determined potential of skeletal maturation which does
not depend on ethnicity and may be exploited under optimum
environmental conditions (i.e. high socioeconomic status),
whereas a less favourable environment may lead to retardation

of skeletal maturation. Applying X-ray standards to individuals
of a socioeconomic status lower than that of the reference population usually leads to underestimating a person’s age. In terms
of criminal responsibility, this has no adverse effect on the
person concerned.

43.3.2 Eruption and mineralisation of the
third molars
Until recently, few comparative studies were available on the
impact of ethnicity on the mineralisation of wisdom teeth.
Gorgani et al. (1990) studied 229 black Americans and 221
white Americans aged between 6 and 14 years. Crown mineralisation of third molars in the black group was completed
approximately 1 year earlier than in the white group. Harris and
McKee (1990) studied 655 white and 335 black Americans aged
between 3.5 and 13 years. While the blacks reached the early
stages of third molar mineralisation approximately 1 year
earlier, minor differences were observed at later stages. This
trend is confirmed by Mincer et al. (1993). They studied 823
Americans (80% whites, 19% blacks) aged between 14.1 and
24.9 years. The chronology of third molar mineralisation did
not reveal any significant differences.
In a recently published study, Olze et al. (2004) investigated
a total of 3652 conventional orthopantograms from 1430
German, 1597 Japanese and 584 black South African subjects,
all aged between 12 and 26 years with known dates of birth.
All these assessments were carried out by the same observer.
The authors found that if the predominant stage of mineralisation in any given age group was considered, the Caucasoid
sample occupied the middle position by age for each stage of
mineralisation investigated. For stages D–F (staging according
to Demirjian) the Mongoloid subjects were on average 1–2
years older, whereas for stages D–G the African subjects were
about 1–2 years younger than Caucasoid subjects who had
obtained the same level of mineralisation. To enhance the accuracy of forensic age estimates based on wisdom tooth mineralisation, the authors recommend the use of population-specific
standards.
With regard to the eruption of third molars, some studies
have found significant differences between specific populations.
While in Caucasian populations third molars generally do not
erupt before age 17 (Müller 1983), Brown (1978), Chagula
(1960), Otuyemi et al. (1997) and Shourie (1946) described
cases of eruption starting in African, Australian and Indian
populations as early as age 13 years.
Comparative studies on the relation between age and third
molar eruption are available for black and white Americans,
Africans and Asians. Garn et al. (1972) studied the dentition of
all permanent teeth in 953 black and 998 white Americans. In
black Americans, the maxillary third molars developed 3.7
years earlier, and the mandibular third molars 5.6 years earlier,
than in white Americans. Hassanali (1985) compared the eruption times of third molars in 1343 Africans and 1092 Asians in
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Kenya. He found that in Africans third molars appeared 2–3
years earlier. However, age data for subjects of African origin
are often not verified.
Olze et al. (2007) analysed and compared the chronological
course of third molar eruption in German, Japanese and South
African populations. They found that their German sample had
an intermediate rate of dental development as determined by
comparing the different ages of third molar eruption. The
defined eruption stages occurred at earlier ages in the investigated South African sample, and at later ages in the Japanese
sample. Statistically significant population differences were
observed in males at stages A and B. The South African males
were on average 3.0–3.2 years younger than the German males
at these stages of development, and the Japanese males were on
average 3.1–4.2 years older than their South African counterparts for the same developmental stage. The females exhibited
statistically significant population differences at stages A, B and
C. The South African females reached the target stages on
average 1.6–1.8 years earlier than the German females, whereas
the Japanese females were on average 0.9–3.3 years older than
their German counterparts. It was concluded that populationspecific reference data should be used when evaluating third
molar eruption for the purpose of forensic age estimation.

43.3.3 Sexual maturation
Only a few comparative studies on sexual maturation are available. Between 1966 and 1970, Harlan et al. (1979) analysed the
sexual development of 6768 male Americans aged between 12
and 17 years. They found no significant differences between
blacks and whites. In 1980, Harlan et al. published a representative study examining the sexual maturation of a female American population of the same age group. This study observed
relatively faster rates of maturation for blacks compared to
whites. Channing-Pearce and Solomon (1987) examined sexual
development in a study involving 362 black and 355 white girls
in Johannesburg, South Africa. Unlike Harlan et al. (1980), they
came to the conclusion that black girls on average reached full
sexual maturity later than white girls. Wong et al. (1996) examined sexual maturation in a study involving 3872 boys from
southern China. They found that the time pattern of sexual
maturation was comparable to that of Europeans, with the
exception that Asians developed pubic hair later. Huen et al.
(1997) published a similar study including 3749 girls from
southern China. They found that, according to the mean values
for the individual stages of maturity, the examined girls were
among the earliest to reach sexual maturity worldwide.

43.4 Expert reports
According to the recommendations of AGFAD (Schmeling
et al. 2008), the collected findings and determined stages should
be presented in detail in the expert report. The stage classifica-
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tions and reference studies used should also be mentioned.
Reference studies used for forensic age estimation should meet
the following requirements:
• Adequate sample size.
• Proven age of subjects.
• Even age distributions of subjects.
• Analysis separately for both sexes.
• Information on the time of examination.
• Clear definition of the examined features.
• Detailed description of the methods.
• Data on the reference population regarding ethnicity, socioeconomic status and state of health.
• Data on the sample size, mean value and range of scatter for
each examined feature.
For each examined feature, the report must indicate the
most likely age and the range of scatter of the reference population. While mean values and medians show the most likely age
for a certain age characteristic, standard deviations and interquartile differences are common measurement data for the
ranges of scatter. Mean values and standard deviations are
valid only for normally distributed features; 68% of the reference population with a certain feature lie between the mean
value ±1 standard deviation and 95% of the test persons lie
between the mean value ±2 standard deviations. Medians and
percentiles are distribution-independent parameters; 50% of
the test persons with a special feature lie within the 25th and
the 75th percentiles. This difference is also called the interquartile difference.
Means and medians can not be used for the last stage of the
age characteristics because they depend on the upper limit of
the examined age group. Instead of mean values, the 50% probability value should be used for the last stage of an age characteristic. This value can be calculated by means of logistic
regression (Knell et al. 2009).
The results of the individual examinations should be compiled in a final age diagnosis. The individual’s most likely age
is estimated on the basis of all partial diagnoses and a critical
discussion of the individual case. This final age diagnosis should
include a discussion of the age-relevant variations resulting
from the application of the reference studies in an individual
case, such as different ethnicity, different socioeconomic status
or diseases that may affect the development of the individual
examined.
However, for age diagnoses obtained with a combination of
methods there is still no satisfactory way to scientifically determine the margin of error. While a number of reference studies
collected data on individual features and some studies looked
at skeletal maturation and tooth mineralisation (e.g. Lamons
and Gray 1958; Grön 1962; Lacey 1973; Pfau and Sciulli 1994),
there is still no reference study available analysing all required
features for one single reference population. If independent
features are examined as part of an age diagnosis that combines
several methods, it may be assumed that the margin of error of
the combined age diagnosis would be smaller than that for each
individual feature. So far it has not been possible to quantify
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this difference. Since combining methods also makes it possible
to identify statistical outliers, the margin of error of the combined age diagnosis should decrease to a certain extent, which
unfortunately is also not quantifiable.
Indirect conclusions about the range of scatter of the summarising age diagnosis were possible after verifying age estimates carried out at the Institute of Legal Medicine in Berlin
(Charité Hospital). To this effect, the court’s case files of the
persons originally examined for age estimation purposes at the
institute were consulted to see whether the actual age of these
persons was established during the court proceedings. In all
cases where the age of the person concerned could be verified
beyond doubt, deviation between the estimated and actual age
ranged ±12 months (Schmeling et al. 2003).
Furthermore the expert report should give the degree of
probability that the stated age is the actual age or that the individual’s age is above the relevant age limit. To this purpose the
following probability ratings can be used:
• Almost certain probability (beyond reasonable doubt):
probability >99.8% (this probability refers to the threefold
standard deviation).
• Very probable or high probability: probability >90%.
• Probable: probability >50%.
• Undecided: probability =50%.
• Less probable or improbable: probability <50%.
• Very improbable: probability <10%.
• Almost certainly improbable: probability <0.2%.

43.5 Age estimation in child
pornographic images
Whilst the methods presented above have in practice frequently
proved successful in estimating the age of adolescents and
young adults, age estimations based on child pornographic
material present other problems (Cattaneo et al. 2009, 2012;
Gabriel et al. 2011). In principle, age estimations in children in
image documents are made by evaluating outwardly visible
growth and development processes. Signs of sexual maturity,
odontogenesis and general proportions of the body and face are
evaluated (Gabriel et al. 2011).
In the evaluation of sexual maturation, the stagings commonly used in age estimations in living persons are applied.
However, because of the wide variability of sexual maturation
it is only possible in exceptional cases to determine with the
necessary probability that an individual portrayed is a child in
the legal sense (Gabriel et al. 2011).
When evaluating dental development on pictorial material,
however, the examiner is reliant on sufficiently good visibility of
the front teeth and on high picture quality. However, in exceptional cases where the milk teeth are well recognisable, important information on age can be gained (Gabriel et al. 2011).
Body and facial proportions change in a characteristic
way during the course of individual development of infants

into adults. Typical shifts in proportions are the result of different speeds of growth of the different regions of the body
during certain phases of development. In particular, the proportional ratios between the torso and the extremities and/or
the torso and the head, as well as the breadth and length ratios
of each of the body segments can be used in age estimation.
Furthermore, the neurocranium, which is very prominent in
childhood, recedes with increasing age compared with the viscerocranium. The face itself undergoes ongoing extension, and
the mandible is emphasised. As a whole, growth in height and
depth as opposed to growth in breadth predominates in development. Although the assessment of body and facial proportions alone only yields a rough age classification, it should
always be included in the overall assessment (Gabriel et al. 2011;
Cattaneo et al. 2012).

43.6 Age estimation in old age
proceedings
Age diagnostics in living persons for the clarification of old age
pension entitlements is almost without exception carried out
on older adults (mostly from the fourth decade of life and
upwards). In this age range, age estimations using morphological procedures do not as a rule provide adequate accuracy.
However, if radiological examinations of the teeth or appropriate sections of the skeleton were carried out in childhood, adolescence or early adulthood for medical reasons, and the relevant
records are still available, these can be checked for suitability
for morphological age estimation. In this process, it must be
ensured that the records submitted really do come from the
person in question. If the issue cannot be adequately resolved
by this means, biochemical age estimation on the basis of the
degree of racemisation of aspartic acid in the dentine can be
examined. In adulthood, determining the degree of racemisation of aspartic acid in the dentine leads to significantly more
accurate results than morphological methods (Ritz-Timme
et al. 2002).
To determine the degree of racemisation of aspartic acid in
the dentine, a tooth is needed. The extraction of a tooth is in
principle a bodily injury that is only justified in the event of
appropriate medical indications and with the informed consent
of the patient. In an identity assurance protocol to be signed by
the dentist and the applicant, the identity of the applicant has
to be determined as well as the fact that the tooth originated
from the applicant. The examinations must be carried out in a
competent laboratory with an adequate quality assurance
system (Ritz-Timme et al. 2002).

43.7 Quality assurance
The Arbeitsgemeinschaft für Forensische Altersdiagnostik
(Study Group on Forensic Age Diagnostics), founded in 2000,
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has made a significant contribution to ensuring the quality of
forensic age diagnostics in living persons thanks to its interdisciplinary development of recommendations (Geserick and
Schmeling 2011). The second AGFAD meeting in September
2000 adopted the ‘Recommendations on age diagnostics in
living individuals in criminal proceedings’ which were published in numerous journals in the following year (e.g.
Schmeling et al. 2001a). Then AGFAD developed and published
its recommendations on forensic age diagnostics for the purposes of pension procedures (Ritz-Timme et al. 2002) as well
as in adolescents and young adults outside criminal proceedings (Lockemann et al. 2004). The latest versions of the recommendations can be downloaded from the AGFAD homepage.
The regular meetings of AGFAD are its forum for exchanging scientific views. Whilst the first meetings were concerned
with clarifying organisational issues and discussing and adopting AGFAD recommendations, later meetings focused increasingly on scientific lectures. Thus, practical experiences of
experts working in a variety of countries with results of current
research as well as legal and statistical aspects of forensic age
diagnostics were presented and discussed. At the 11th AGFAD
meeting in 2008, lectures were held in English as well as in
German so as to open up the meetings to an international
professional audience. Since the 12th meeting in 2009, the sole
conference language has been English.
Since 2001, AGFAD has organised annual proficiency tests
on forensic age diagnostics in living individuals. This involves
sending anonymous photos, hand radiographs, orthopantomograms and, where appropriate, X-ray and/or CT scans of the
sternoclavicular joints of two age estimation cases to the participants of the proficiency test. The participants also receive
information on the alleged age, alleged country of origin, and
height and weight of the individuals for whom an expert
opinion is required. For both cases, detailed expert opinions
should be presented in accordance with the formal criteria of
AGFAD recommendations. Furthermore, it is assessed whether
the stage classifications and the age diagnoses deduced from
these were made in a justifiable manner. Participation in the
proficiency test is certified. Besides the certificate, all proficiency test participants receive a written evaluation. The certification of successful participation is withheld if an unjustifiable
overestimation of age is made in the summary of the expert
opinion. The names of the successful participants are published
on the AGFAD homepage.
As a result of the explosive increase in knowledge in recent
years, as a rule, only qualified specialists in the field of forensic
age diagnostics will be in a position to draft an expert opinion
based on the latest scientific knowledge.

Useful website
Arbeitsgemeinschaft für Forensische Altersdiagnostik (Study Group
on Forensic Age Diagnostics), http://rechtsmedizin.klinikum.unimuenster.de/agfad/index (last accessed 11 March 2013).
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44.1 Definitions
The field of forensic psychiatry is defined by its scope, functions, and relationship to clinical psychiatry with its therapeutic
purposes and to other forensic sciences with their predominantly investigative purposes. On all of these parameters,
remarkable differences exist between countries. In all countries
the definition of forensic psychiatry would include consulting
with lawyers and/or courts on issues for which a person’s mental
state is relevant, but even this narrow conception varies in
application depending on what the legal issue is.
In the United States a broad definition of forensic psychiatry
is provided by the American Academy of Psychiatry and the
Law (AAPL), the organisation that has most shaped the development of the field in this country over the last 40 years:

1982 by the Joint Committee on Accreditation of Fellowship in
Forensic Psychiatry and later by the American Council for
Graduate Medical Education (ACGME 2013; Reeves and Rosner
2003):

Forensic psychiatry is a subspecialty of psychiatry in
which scientific and clinical expertise is applied to legal
issues in legal contexts embracing civil, criminal, correctional or legislative matters; forensic psychiatry should be
practiced in accordance with guidelines and ethical principles enunciated by the profession of psychiatry. (AAPL
1995)

Civil forensic psychiatry including, at a minimum, conservators and guardianships, child custody determinations, parental competence, termination of parental
rights, child abuse, child neglect, psychiatric disability
determinations (e.g., for social security, workers’ compensation, private insurance coverage), testamentary
capacity, psychiatric negligence and malpractice, personal injury litigation issues.
Criminal forensic psychiatry including, at a minimum,
competence to stand trial, competence to enter a plea,
testimonial capacity, voluntariness of confessions,
insanity defense(s), diminished capacity, sentencing
considerations, release of persons who have been
acquitted by reason of insanity.
Legal regulation of psychiatry including at a minimum,
civil involuntary commitment, voluntary hospitalization, confidentiality, right to treatment, right to refuse
treatment, informed consent, professional liability,
ethical guidelines. (Rosner 2003)

AAPL adopted this definition from the American Board of
Forensic Psychiatry (Weinstock et al. 2003) which certified US
and Canadian psychiatrists in the field until the American
Board of Psychiatry and Neurology began the certification
process in 1994 (Prosono 2003). Within this broadly defined
field of forensic psychiatry are three divisions, first outlined in

In other countries the field of forensic psychiatry is more
narrowly defined. Many issues that in the USA fall within the
civil forensic psychiatry branch of the subspecialty belong
in some countries to the realm of social psychiatry. Also in
the USA a distinction is sometimes made between forensic
psychiatry proper, that is consulting to the courts and legal
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psychiatry, and the legal regulation of psychiatry. In all countries forensic psychiatry is concerned with mental capacities
and disabilities with potential legal significance. The most universally accepted concern of forensic psychiatry is criminal
forensic psychiatry.
In some countries, such as South Africa (Zabow and Kaliski
2006) and the USA, a major distinction is drawn between
forensic and clinical psychiatry. The forensic psychiatrist who
consults to lawyers and courts is expected to be honest and
to strive for objectivity (Weinstock et al. 2003). Though not
mentioned in the AAPL (1995) ethics guidelines, forensic psychiatrists should also attempt to control their biases. In contrast
the clinical psychiatrist who treats patients must remain committed to the welfare of his or her patients. Thus, he or she has
legitimate therapeutic bias and it is believed that courtroom
testimony could compromise the therapeutic relationship
(Weinstock et al. 2003). In the UK, in contrast, a forensic role
is expected of clinical psychiatrists who provide treatment for
forensic patient populations. Even in the USA, where the distinction is emphasised, it is not always so clear: both forensic
and clinical psychiatrists conduct diagnostic assessments, and
involuntary court-ordered hospitalisation, for example, is often
initiated by the patient’s treating psychiatrist.
Most forensic scientists contribute to the investigation of
crimes and claims of negligence (e.g. anthropologists, criminalists, odontologists, engineers, toxicologists, DNA analysts,
digital and multimedia experts). Their work assists in the identification of criminal offenders, tortfeasors and victims (e.g.
when deceased) and in reconstructing what happened. Forensic
psychiatrists do not participate in the identification of individuals and explanations of events. Rather the main focus of
forensic psychiatrists is in diagnostic and psychological functional assessments relevant to mental disabilities and civil and
criminal mental capacities (Felthous et al. 2001).
From a British perspective, Gunn and Taylor define forensic
psychiatry as ‘that part of psychiatry which deals with patients
and problems at the interface of the legal and psychiatric
systems’ (Gunn and Taylor 1993, p. 1). Then, reflecting upon
the victimhood of patients who are referred to forensic psychiatrists, they proffer an alternative definition: ‘Forensic psychiatry
is the prevention, amelioration and treatment of victimization
which is associated with mental disease’ (Gunn and Taylor
1993, p. 2). Taylor, Harding and others (in press) offer a definition of forensic psychiatry that is informally agreed upon
among a group of psychiatrists from Portugal, Spain and northern Europe:
Forensic psychiatry is a specialty of medicine based on a
detailed knowledge of relevant legal issues, criminal and
civil justice systems and the relationships between mental
disorder, antisocial behaviour and offending. Its purpose
is the care and treatment of mentally disordered offenders and others requiring similar services including risk
assessment and management and the prevention of
future victimization (Taylor et al. in press).

Whereas in the USA the central function of forensic psychiatrists is to consult with the legal system in its pursuit of justice,
the emphasis in the UK and some other European countries is
the treatment of patients with some legal status, without
concern for potential conflict in roles between forensic expert
and treating psychiatrist.
Another European concept is that forensic psychiatry’s
central function is consultation with the courts, with fundamental grounding in medical and social science. Kröber (2007)
provides a definition that acknowledges the expanding nature
of the field in recent decades:
[T]he scientific examination, analysis, and presentation
of findings from psychiatric examination and research
activity, which has developed in recent centuries, has led
to a large stock of empirical knowledge. This occurred in
adjustment to other psychiatric fields of research, but also
with research in criminology. The respective, current
public, civil and criminal law produced the general conditions and questions for this development; nonetheless
without the field being satisfied with the task of providing
‘assistance for the court’. It is much more at the same time
medicine, namely psychiatry, and empirical social science.
It concerns the fundamental clarification of the meaning
of the state of psychiatry, personality and mental illness
for the demonstrated worth of individuals in their
encounter with others and with the social demands of
rules. This begins with questions in the civil and social
law like occupational competence and fitness for employment and extends to risk assessment. Of special meaning
for the specialty is the criminal law regarding criminal
prosecution, forensic examination, intervention and prevention. For this reason forensic psychiatry is frequently
identified with criminal forensic psychiatry. This is certainly an important area, but it does not exhaust all the
principal matters in the field. Further issues are the forensic examination for civil and social legal issues as well as
welfare law.
The practice of forensic psychiatry depends not only upon
current science and clinical methods, but also on jurisdictional
law (i.e. state and federal statutory and judicial law as well as
administrative regulations), which for forensic and legal psychiatry are diverse in different countries. Therefore the practical
approaches to psycholegal issues are not as uniform as in other
forensic disciplines of medicine.

44.2 Inquisitorial versus adversarial
legal systems
In Germany and other continental European countries the
more common legal system is inquisitorial, where the forensic
psychiatrist is appointed directly by the court and is not aligned
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with either side in the legal dispute. In the Italian city of Bologna
medical expertise was first employed in criminal investigation
(Simili 1973), and in the German medieval city of Freiburg
barber/surgeons were first placed in a forensic role (Volk and
Warlo 1973, p. 101). It was not until Paolo Zacchia’s influence
as Proto Medicus of the Papal State and medical advisor of
the Roman Catholic Church’s High Court (Karplus 1973, p.
125) and the publication of his text Questiones Medicolegales
(Rome 1654, cited in Prosono 2003), that medical experts
began to be used in European courts. Then, as now, medical
experts served to inform the court on technical matters, enabling them to arrive at just decisions based upon accurate and
scientifically based information and opinion. Although AngloAmerican legal systems are adversarial, not inquisitorial, this
model compares with the court-appointed, ‘impartial’ expert in
the USA who is not aligned with either side of the legal dispute
and is to inform the judge or jury of his or her finding and
opinion after having consulted on a legal case (Felthous and
Saß 2011).
Legal systems derived from English common law, including
that of the United States, follow an adversarial model. The
assumption is that neither side of a dispute has all the accurate
facts in a case. No one, not even the judge or jury, can impartially gather all the relevant facts on their own. With the further
assumption that each side of a dispute has its own interpretation of the facts, the adversarial system has each side make its
own case. Thus, in the adversarial model forensic psychiatrists
are retained by the defense, the prosecution or, in civil cases,
the plaintiff, and not directly by the court. The retention of a
psychiatrist by one side is most consistently followed in private
disputes not involving the government. In many jurisdictions
in the USA a hybrid model that is court appointed yet assigned
to one side is followed. Even with the court-appointed model,
however, in the USA, when the expert is summoned into court
to testify, he or she is called to testify by one side, not by the
court.
With both models the expert must consciously avoid being
influenced by bias, adversarial bias in the case of the private
retention model. However, in the court-appointed model there
is still the possibility of bias, which must be controlled
(Diamond 1959). Within each model the forensic psychiatrist
must seek to obtain all relevant information to support a thorough, relevant assessment. The methods for gathering such
information vary somewhat depending upon the role of the
expert as shaped by the particular legal model.

44.3 Forensic psychiatry
examinations
Mental competence is relevant to various legal issues in civil
and criminal law, because it would be unfair and unreasonable
to expect individuals to perform tasks or to be held accountable
for functions for which they are psychologically incapable.
Simply put, then, the purpose of a psychiatric forensic examina-
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tion is to identify relevant psychiatric disorders and relate any
mental dysfunction to the legal issue in question. Countries
have their own terms for the forensic examination: in Germanspeaking countries it is the Begutachtung, in Italy, the Perizia
(Ciccone and Ferracuti 1995), for example. For the present
review of forensic psychiatry, we limit our discussion to civil
and criminal competencies and criminal responsibility, and
begin with the general approach to forensic examinations.
The two-step process proposed by Kurt Schneider (1948) is
fundamental. It was first developed for the assessment of
responsibility (see Section 44.6), but basic principles are applied
in other fields of forensic examinations in psychiatry, too. First,
the forensic psychiatrist conducts an assessment aimed at diagnosing any existing mental disorder using accepted psychiatric
nomenclature. In the USA, the most widely accepted and used
nomenclature is the current Diagnostic and Statistical Manual
of Mental Disorders (DSM), currently in its fifth edition (APA
2013). In Germany, South Africa (Kaliski 2006a) and many
other countries, the International Classification of Diseases
(ICD) (WHO 1991) may be preferred or used interchangeably
with the current DSM.
The second fundamental Schneiderian step in the forensic
examination is to examine how the mental disorder and clinical
findings affect the individual’s mental capacity at issue. For this
the examiner should relate mental symptoms and psychological
dysfunction to the specific legal standard. The sequence of this
assessment and application of professionally acceptable methodologies are critical to providing objective findings and conclusions and to controlling bias and preventing premature
judgments.
Rosner (2003) has identified the following four steps of a
forensic examination:
1. Issue: what is the specific psychiatric–legal issue to be
considered?
2. Legal criteria: in the jurisdiction in which this specific
psychiatric–legal issue must be resolved, what are the legally
defined terms and criteria that will be used for its
resolution?
3. Relevant data: exactly what information (such as part of
what might be collected by a clinician following the traditional clinical framework for data organisation) is there
that is specifically pertinent to the legal criteria that will be
used to resolve the specific psychiatric–legal issue?
4. Reasoning process: how can the available relevant data be
applied to the legal criteria so as to yield a rationally convincing psychiatric-legal opinion? (Rosner 2003, p. 4)
These four steps are critical in providing a framework for a
relevant, efficient, data-based and reasoned forensic examination. The forensic examiner can, at the same time, avoid premature and poorly founded conclusions as well as the insidious
effects of confirmatory bias by following Schneider’s two step
process. First determine the existence of any mental disorder(s),
its time of onset (Kaliski 2006a) and psychological dysfunction;
then, relate the identified dysfunction(s) to the psycholegal
standard that is to be addressed.
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From the substantial array of legal issues that forensic psychiatrists are asked to address, we have selected three of international importance in mental health law: civil competence,
competence to stand trial and criminal responsibility. We concisely present legal standards from several countries to illustrate
commonalities but also variations in how different countries
address the psycholegal issues. Finally, we briefly describe
the security hospitals in which high risk forensic and correctional populations are treated along with some other issues of
interest.

44.4 Civil law, competencies and
general legal competency
Within civil law a great variety of issues can be addressed where
a person’s mental condition may have legal relevance, depending on jurisdictional law, customs and availability of courts and
attorneys to the litigation process. A forensic psychiatry practice
in the USA (Modlin and Felthous 1989), for example, reported
having consulted on cases involving the following civil legal
issues: personal injury claims, competency, discrimination/
harassment, malpractice, impairment to work, child custody
dispute, involuntary hospitalisation, embezzlement, negligent
custody and class action suits. Most were personal injury claims
that involved traffic accidents, products liability, wrongful
death, assault victim, rape victim, child abuse victim and
workers’ compensation claims (Modlin and Felthous 1989).
Issues of civil competency involved wills (i.e. testamentary
capacity), contracts, managing affairs (i.e. general legal competency) and being a witness (Modlin and Felthous 1989).
As a rule the law does not require, in some cases does not
allow, individuals to do something of which they are incapable.
Hence, the variety of civil legal competencies: competency to
drive a car, hold a job, marry, divorce, testify in court, etc. Here
we focus on general legal competence, testamentary capacity
and competence to consent.

44.4.1 General legal competency
Germany
One of the most important and widely recognised legal competencies is general legal competence or competence to handle
one’s own affairs. In Germany legal competence is the capacity
through legal transactions such as contracts to bring about
autonomously desired legal results. For business transactions
legal competence is required. Children who are under 7 years
lack legal competency. Children aged from 7 to 18 have limited
competence and require parental consent to conduct legal
transactions. At majority competence is presumed (Felthous
et al. 2001).
According to the German Civil Code (Bürgerliches Gesetzbuch (BGB), section 104), an individual is incompetent who is

under 7 years of age or who has a condition that involves ‘a
pathological disturbance of mental processes that destroys free
decisional capacity, provided the condition is not temporary in
nature’ (Felthous et al. 2001). In addressing general legal competence, the forensic psychiatrist assesses whether the individual had a temporary mental disturbance at the time of the legal
transaction that ‘eliminated the individual’s voluntary decisionmaking capacity’ (BGB, section 105(2)), such as can occur
during intoxication or a partial complex seizure (Felthous et al.
2001). Alternatively, the psychiatrist must address whether a
‘pathological disturbance of mental functioning [that eliminated] the person’s voluntary decision-making capacity’ existed
for more than a brief period (BGB, section 104(2)). Such disturbances in mental functioning can include dementia, manic
depressive (or bipolar) disorder, schizophrenia, mental retardation and even personality disorders or abnormal reactions. In
any case the severity of the disturbance must correspond to that
of a major mental illness (Felthous et al. 2001).

United States
In the USA, civil or general legal competence typically refers to
what is termed ‘competence to handle one’s own affairs’. This is
defined somewhat differently in the statutes of individual states
but in general requires the capacity to know the extent of one’s
possession and to handle one’s affairs prudently (Sadoff 1988,
p. 149). A distinction is made between competence as to estate
and competence as to person. If incompetent as to the estate,
the individual is not permitted to enter into business contracts,
to make a will or to enter into legal contracts. The individual
who is incompetent as to person is not permitted to make
personal decisions such as medical or psychiatric treatment
decisions (Weiner and Wettstein 1993, pp. 285–6).
In either case, if incompetent as to estate and/or as to person,
a guardian must be appointed to make decisions for the incompetent individual (Felthous et al. 2001). A guardianship that is
limited to one’s estate or property is termed conservatorship.

44.4.2 Testamentary capacity and
retrospective civil assessments
Testamentary capacity, or competence to make a will, can be
addressed by a forensic psychiatrist before the individual makes
his or her will. A more likely forensic referral concerns a dispute
over whether the individual who is now deceased was competent at the time the will was made. In this case the assessment
must be made retrospectively and without the benefit of the
individual to interview and evaluate in person.

Germany
As with all forensic evaluations, the two-step process of Schneider (1948) should be followed, only retrospectively: did a
mental disorder exist at the time of the transaction and if so
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which disorder from standard diagnostic taxonomy? From the
diagnostic and clinical findings, how was the mental capacity
in question (e.g. testamentary capacity) affected by the disorder? In addressing whether an individual’s capacity to make
autonomous decisions was impaired by a mental disorder, the
psychiatrist must apply clinical knowledge learned retrospectively about the person’s ability to make decisions, his or her
behaviour and volitional processes at the time of the transaction (Felthous et al. 2001).
In Germany an individual lacks testamentary capacity, considered a subtype of legal competence, if he or she was unable
to ‘recognize the meaning of the testament [that he submitted]
and to act in accordance with such recognition (German Civil
Code, Sec. 2249(4) BGB) [due to] a pathological disturbance
of mental process, mental retardation, or a disturbance in consciousness (German Civil Code, Sec. 2249(4) BGB). Testators
must have the capacity of knowing that they [were] making a
will and of knowing the content of the will according to the
German Supreme Court’ (Habermeyer and Saß 2002).

United States and Great Britain
Three criteria are required for testamentary capacity in AngloAmerican law (Felthous et al. 2001): the testator must have the
capacity to know and understand the purpose of the will, the
nature and extent of his or her property, and the natural beneficiaries of the property or recipients of his or her bequests, who
are usually family members (Sadoff 1988, p. 150; Weiner and
Wettstein 1993, p. 285) or the claim that others have on his or
her property (Briscoe et al. 1993, p. 109; Felthous et al. 2001).
This compares with the requirement of the German Supreme
Court that the testator must be able to ‘form a clear judgment
about his will and the extent of [his] instruction, especially
about the effects they will have on his personal and economic
relationship’.
In the USA, a will can be invalidated if the testator had an
‘insane delusion’ at the time of making the will and the will was
due to this delusional thinking (Ciccone 1994, p. 253). A will
can also be challenged based upon a claim that a beneficiary
had ‘undue influence’ on the testator (Slovenko 1973). This is
comparable to German judicial law which requires that the
testator was free from the influences applied by third persons,
although this does not preclude testators from strongly considering suggestions made by third persons in arriving at some of
their decisions (Felthous et al. 2001).

44.4.3 Competence to consent
to treatment
A person who lacks general legal competence and has a legal
guardian or a guardian of the person, is not relied upon to make
legal decisions for himself; all such decisions must be made by
the person’s guardian. Consent for such a person to be treated
medically or surgically, to undergo an invasive diagnostic pro-
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cedure or to participate in scientific research must also be provided by the guardian. Even with the guardian’s approval,
depending on jurisdictional law, court authorisation may be
required for involuntary psychotropic medication or electroconvulsive therapy. A forensic or general psychiatrist may be
called upon to address a patient’s capacity to consent to treatment where the patient has not already been determined by a
court to be legally incompetent and where a guardian has not
been appointed to make such decisions.

Germany
In Germany (and other European countries) the forensic psychiatrist who assesses a patient’s capacity to consent to treatment is advised to address the person’s ability to do the
following, in particular:
1.
2.
3.
4.

Understand certain facts.
Process the information in a rational manner.
Assess the information appropriately.
Determine and express his or her own intentions on
the basis of understanding, processing and assessing.
(Felthous et al. 2001)

United States
In the United States, a person’s capacity to consent to treatment
corresponds to understanding, reasoning, appreciating and
choosing (Roth et al. 1977; Appelbaum and Roth 1982; Grisso
and Appelbaum 1998). Operational questions have been
designed to aid the assessment of each of these four abilities
(Grisso and Appelbaum 1998). The incapacity to consent to
treatment or to make treatment decisions has no bearing on
other capacities or competencies. A patient who is otherwise
competent will continue to make other legal decisions even if
found to lack the capacity to consent to treatment (Felthous
et al. 2001).

44.5 Competencies in criminal law
44.5.1 Competence to stand trial
From the time of arrest to sentencing, various adjudicative
competencies or competencies to proceed can be raised: competence to be interrogated (e.g. Germany; Felthous et al. 2001),
competence to confess or to waive Miranda rights, to plead
guilty, to waive representation, to represent oneself pro se, to
stand trial, to be sentenced or executed (Miller 2003) and other
competencies (Perlin 2003). Which of these competencies is
available in law and is used depends upon the country or jurisdiction within a country. One of the most universally recognised adjudicative competencies is competency to stand trial
(CST). This construct is especially developed in the USA, where
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the purposes for CST are: (i) to safeguard the accuracy of criminal adjudication; (ii) to guarantee a fair trial; (iii) to preserve
the dignity and integrity of the legal process; and (iv) to ensure
that the defendant knows why he or she will be punished, if he
or she is found guilty and sentenced (Ennis and Hansen 1976).

Germany
The standards for competence to stand trial in five countries –
Germany, Canada, New Zealand, South Africa and the USA –
demonstrate common elements as well as variations between
countries. In Germany, competency to stand trial is the capacity
of an accused in or out of the court hearing, to conduct his or
her defense sensibly and in an intelligent way, and to give and
receive declarations during the lawsuit (Felthous et al. 2001).

Canada
In 1992 Canada’s criminal code was revised to include a standard for competence to stand trial, a standard similar to that
already applied by Canadian courts (Davis 1993). The Canadian standard requires that the defendant be able to ‘(a) understand the nature or object of the proceedings, (b) understand
the possible consequences of the proceedings, or (c) communicate with counsel’ (Davis 1993).

ant] has sufficient present ability to consult with his lawyer with
a reasonable degree of rational understanding and whether he
has a rational as well as a factual understanding of the proceedings against him’ (Dusky v. United States, 362 U.S. 402 (1960)).
Whether explicit in competence standards or not, a common,
meaningful component of competence is relevant rational
understanding (Felthous 2011).

44.5.2 Fitness to plead
England and Wales and Australia
Some countries rely on the related adjudicative competency,
fitness to plead, rather than competence to stand trial. In
England and Wales, for example, fitness to plead rather than
competence to stand trial is used, and affects only about 20
defendants per year (Grubin 1991). The fitness to plead standard requires capacity to comprehend the evidence, follow the
court proceedings, advise one’s lawyers and know about changing jurors (Briscoe et al. 1993, p. 44). In Australia, the applicable
principle is ‘unfitness to plead’ (Taylor et al. in press).

44.5.3 No fitness to plead or competence
to stand trial

New Zealand

Sweden and Denmark

In New Zealand defendants are found unfit to stand trial if they
are ‘unable to conduct their defense or instruct counsel to do
so on their behalf ’ due to ‘any form of mental impairment’
(Brookbanks and Simpson 2007; Taylor et al. in press).

Denmark (Lansted et al. 2003) and Sweden (Kullgren et al.
1997; Grann and Holmberg 1999) have neither fitness to plead
nor competence to stand trial. In these two countries psychiatric evidence cannot be introduced until sentencing (Taylor
et al. in press).

Japan
In Japan a person with a mental disorder is not prosecuted
(Taylor et al. in press).

South Africa
South African procedure bases fitness to stand trial on the
assumption that ‘the accused must be able to understand the
trial proceedings and must be able to instruct his or her defense
councel in order to make a proper defence’ (Louw 2006, p. 42,
discussing section 77, chapter 13, Criminal Procedure Act (of
South Africa)), although the South African legislature has not
defined fitness to stand trial (Kaliski 2006b).

United States
In the USA, various versions of the traditional common law
standard are widely and frequently used in criminal procedures:
does the defendant understand the proceedings and is he or she
able to assist the attorney in his or her defense? The most oftcited standard is that offered by the US Supreme Court in Dusky
(1960). The Dusky test of competence is ‘whether [the defend-

44.5.4 Determination and consequence
Unless adjudicated as unfit to plead or incompetent to stand
trial, criminal defendants are presumed to be fit to plead and
competent to stand trial. The legal determination is made by
the trier of fact or adjudicator, not the forensic psychiatrist.
Because neither fitness to plead nor CST distinctions are made
in Denmark and Sweden, all defendants in these three countries
stand trial regardless of their mental condition (Kullgren et al.
1997; Grann and Holmberg 1999; Lansted et al. 2003). In some
countries, Germany for example, the determination is usually
made by the court alone (Felthous et al. 2001); in others, those
with a jury system, the determination can usually be made by
the judge or a jury. Universally the forensic examination
includes a thorough diagnostic assessment and determination
of dysfunction relevant to the criteria for fitness/competence.
In Germany, an additional consideration to be addressed is
whether standing trial could pose a risk for the defendant’s
mental health (Felthous et al. 2001). AAPL has published guidelines for CST assessments, especially within the context of US
jurisprudence (Mossman et al. 2007). Not to be overlooked is
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an assessment of the likelihood of restoration of competence
with treatment in the foreseeable future.

44.5.5 Indications for hospitalisation
Once a defendant is found to be incompetent to stand trial, he
is typically remanded to a public or forensic hospital for treatment and restoration of competence. Although some defendants – depending on jurisdictional law, their condition and
cooperation, and the seriousness of their offenses – can be
treated as outpatients, most who are adjudicated as incompetent are hospitalised (Miller and Germain 1989).

44.5.6 Treatment refusal
If a defendant, hospitalised for treatment and restoration of
CST, refuses indicated medication, a procedural issue arises.
Some US courts have held that the defendant must be tried in
the ‘natural state’ without medication (State v. Murphy, 1960),
whereas others provide that the defendant may be involuntarily
medicated and restored to competence because of the state’s
interest in the adjudication of guilt (State v. Laws, 1978); courts
may follow the same procedures for involuntary medication as
apply to civilly committed patients (Miller et al. 1989). The US
Supreme Court has provided guidelines that attempt to strike
a balance in competency interests (Sell v. United States, 2003).
In the vast majority of cases the defendant receives appropriate
treatment, regains competence and returns to court to offer a
plea or to stand trial. In Canada, pharmacotherapy, but not
electroshock treatment or psychosurgery, can be administered
involuntarily for restoration of fitness to stand trial, regardless
of the defendant’s capacity to make treatment decisions (Gray
et al. 2000; Bloom and Schneider 2006; Schneider et al. 2007;
Taylor et al. in press).

44.5.7 Duration of hospitalisation
For the defendant whose restoration of fitness/competence is
delayed, some countries place restriction on the length of time
that they can remain hospitalised as unfit/incompetent. In
general, once fitness/competence is restored, the defendant
returns to court to face charges. In New Zealand, the hospitalised defendant who remains hospitalised for half the time that
he or she would have received if convicted, or 10 years if the
offense is punishable by a life sentence, the defendant must be
released (Brookbanks and Simpson 2007; Taylor et al. in press).

44.6 Criminal responsibility
Every country in its criminal law must strike a balance between
protecting its citizens from the harm of criminal acts and pro-

819

tecting the accused from unfair prosecution, hence the procedural rights of defendants. Crimes are defined by an act (such
as an unlawful killing) and a guilty mental condition (such as
the intent to kill). In order for the defendant to be convicted of
a crime, both the criminal act and the requisite guilty mind
must be proven. In Germany the prerequisite for being responsible is that there is no mental disorder which excludes the
capacity to be guilty. Most industrialised countries also incorporate a moral consideration: a criminal defendant, whose
mental illness deprived him or her of the mental capacity
required for mental responsibility, should not be convicted and
punished. How the mental components of specific crimes are
defined and what standard for mental illness diminishes or
absolves a defendant from criminal responsibility varies from
country to country, and in some countries from state to state
(Greenberg and Felthous 2007).
Most countries have as a minimum an insanity defense,
which if successful is a complete excuse and results in acquittal
based upon insanity. Essentially all insanity standards are based
upon a cognitive test such as not knowing at the time of the
offense that the act was wrong. Many also have a volitional
component, an inability to control one’s behaviour so as to
refrain from committing the offense.
Evaluations for criminal responsibility are retrospective,
thorough and rely on multiple sources of information. A more
expansive discussion of these assessments, especially within the
context of US jurisprudence is to be found in the AAPL guideline on criminal responsibility assessment (AAPL 2002). Saß
(1985, 1991) has outlined a general approach that accounts for
the severity and variety of disorders that could affect a given
defendant at the time of the act.

44.6.1 Insanity standards
Germany
In Germany the insanity defense applies to ‘[a]nyone who when
committing an act, is incapable of understanding that this act
is wrong or of acting in accordance with this understanding due
to a disorder of mental illness, a profound disturbance in consciousness, mental retardation or due to any other serious
mental abnormality, acts without guilt’ (German Penal Code
(Strafgesetzbuch, StGB), section 20, 1975). If we organise this
formulation according to the two-step procedure of Schneider
(1948), as described above, we have the following structure for
the assessment of responsibility (Schuldfähigkeit).
1. Diagnostic level. Assessment of a mental disorder at the
time of the act:
a. Mental illness.
b. Profound disturbances of consciousness.
c. Mental retardation.
d. Other serious mental abnormality.
2. Normative level. Consequences for:
a. Understanding that the act is wrong.
b. Acting in accordance with this understanding.
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The term ‘normative’ indicates that the court finally determines
to what degree the mental disorder and its consequences –
explained to the court by the psychiatric expert – diminishes or
excludes legal responsibility.

Italy
A unifying, progressive and far-reaching document in terms of
the public policy of the insanity test was the enactment of the
French Penal Code, better known as the Napoleonic Penal
Code, of 1810. This code has been the main influence in the
development of civil codes and the insanity standards in most
continental European as well as Latin American countries
(Article 64 of the Napoleonic Code of 1810). It includes a twopronged insanity defense that with modification is one of the
most widely codified insanity standards in the world today. As
one of many examples, current legal codes in Italy require that
a defendant had the capacity to intend to commit the crime
(capacitá di intendere) and the capacity to will (capacitá di
volere) in order to be found responsible and punishable (Ciccone
and Ferracuti 1995). The capacity to intend is ‘the ability that
the individual has to understand the value and therefore the
negative social value of that action or omission (the capacity to
understand the nature and significance of one’s actions)’
(Ciccone and Ferracuti 1995, p. 458). ‘[T]he capacity to will is
the ability to have control of oneself to reach or avoid the deed
that constitutes the crime (the capacity to act on one’s free will)’
(Ciccone and Ferracuti 1995, p. 458).
A serious mental impairment (vizio di mente) is a mental
infirmity that eliminates or diminishes criminal responsibility
for the act. The Italian Penal Code provides the standard for
total mental impairment (vizio totale di mente). ‘A person is not
responsible (imputable) who, at the moment of committing the
act, was because of mental illness (informitá), in a state of mind
that he could not have the capacity to intend or to will’ (article
88 of the Italian Penal Code, cited in Ciccone and Ferracuti
1995).

South Africa
In South Africa, the two-pronged standard for ‘pathological
criminal incapacity’ is similar to that of Germany, Italy and the
Napoleonic Penal Code:
A person who commits an act or makes an omission
which constitutes an offense and who at the time of such
commission or omission suffers from a mental illness or
mental defect which makes him or her incapable –
a) of appreciating the wrongfulness of his or her act or
omission; or
b) of acting in accordance with an appreciation of the
wrongfulness of his or her act of omission, shall not
be criminally responsible for such act or omission.
(South African Criminal Procedure Act, 1977, section
78(1) (amended in 1998)

Switzerland
Traced back to old Roman law, Swiss criminal law provides
complete or diminished exculpation when the accused is unable
‘to understand the injustice of the offense or to act upon it
insightfully’ (Swiss Criminal Penal Code, article 19, paragraphs
1 and 2, cited in Graf and Dittmann 2007, p. 230).

The M’Naghten rule
The most widely used insanity test in English common law
countries, including Australia, Canada and the USA, as well
as in some non-English-speaking countries such as Austria
(Schanda et al. 2000; Fuchs and Maleczky 2003; Stompe et al.
2007; Austrian Penal Code (StGB), section 21/1), is a version of
the M’Naghten test. (The defendant spelled his name McNaughten but through clerical error the spelling in the title of the case
itself was M’Naghten.) In full, the M’Naghten test, formulated
by the House of Lords in 1843 reads, ‘to establish a defense on
the grounds of insanity, it must be conclusively proved that, at
the time of committing the act, the party accused was labouring
under such a defect of reason, from disease of the mind, as not
to know the nature and quality of the act he was doing; or if he
did know it, that he did not know what he was doing was wrong’
(M’Naghten’s Case, 1843).

Canada
The Canadian criminal code, revised in 1992, did not specify
an insanity standard, as the standard was already well settled
through case law as the M’Naghten test (Davis 1993). In 1990
the Supreme Court of Canada broadened the definition of
‘wrong’ to include morally wrong as well as legally wrong
(Regina v. Chaulk, 1990).

United States
In the USA the two most common standards in the 50 states,
each state with its separate criminal/penal code, are variations
of the M’Naghten and ALI tests respectively. Reminiscent of
the dual cognitive/volitional pronged insanity standards in
Germany, Italy and Switzerland and of the Napoleonic concept
of criminal responsibility, the American Law Institute (ALI)
formulated the widely adopted ALI test for insanity in its model
penal code: ‘A person is not responsible for criminal conduct if
at the time of such conduct as a result of mental disease or
defect, he lacks substantial capacity either to appreciate the
criminality (wrongfulness) of his conduct or to conform his
conduct to the requirements of the law’ (AMI 1955).

Austria
In Austria criminal culpability requires the ‘will to harm’, which
derives from the Constitutio Criminalis Theresiana of 1770
(Sluga 1977). The current insanity law which came into effect
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in 1975 states that the defendant is not guilty if the offending
behaviour was due to ‘functional or organic psychoses, severe
intellectual disability, or other pathological mental states equal
to the aforementioned conditions’, or if he or she lacked ‘discretion’ and/or ‘disposition’ at the time of the offense (Foregger
1997, p. 482). Although compared with the M’Naghten test of
Anglo-American jurisdictions (Schanda et al. 2000), these
paired concepts also bring to mind the cognitive and volitional
prongs of insanity standards of criminal responsibility in the
Napoleonic Penal Code.

New Zealand
New Zealand is another common law country that uses as its
insanity test a variant of the cognitive standard of M’Naghten:
‘No person shall be convicted of an offense by reason of an act
done or omitted by him when labouring under natural imbecility or disease of the mind to such an extent as to render him
incapable (a) of understanding the nature and quality of the
act or omission; or (b) of knowing that the act or omission was
morally wrong, having regard to the commonly accepted standards of right or wrong (Brookbanks and Simpson 2007; Taylor
et al. in press).

44.6.2 Other insanity standards
South Africa
In South Africa, criminal responsibility can be abrogated based
upon either ‘pathological incapacity’ or ‘non-pathological incapacity’. A finding of ‘not guilty by reason of insanity’ can result
where a mental disorder or defect that exists independently of
the offense ‘materially influenced’ the actions of the defendant
(Brookbanks and Simpson 2007; Taylor et al. in press).

Japan
In Japan, the equivalent of the insanity defense is termed shinshin sôshitsu or ‘lost mind’. The test for lost mind is whether
‘because of his or her mental disorder, the individual is considered to lack the capacity to distinguish between right and wrong
and/or the ability to act in accordance with that knowledge
(Sekinin mus nôryoku)’, a case formulated by case law in 1931
(Dai-sin-in) (Taylor et al. in press).

44.6.3 No insanity defense
Denmark and Sweden
Not all countries have a mental defense of insanity: Denmark
and Sweden, for example. Criminal defendants in Sweden are
prosecuted without regard to their mental state at the time of
the offense (Kullgren et al. 1996; Holmberg 1998a, 1998b;
Grann and Holmberg 1999). Because mental responsibility is
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not recognised for conviction, psychiatric assessment is conducted only for sentencing of a defendant suspected of having
a mental disorder (Taylor et al. in press). In Sweden, if at sentencing the defendant is found to have suffered from a ‘severe
mental disorder’ at the time of the offense, he or she is sentenced to psychiatric treatment, whereas if he or she suffered
from psychiatric symptoms any prison sentence may be reduced
(Taylor et al. in press).

44.6.4 Diminished responsibility and
overwhelming emotion
England
Ironically, England, where the M’Naghten test originated, has
in practice virtually discarded the most widely used test in
the English-speaking realm, the M’Naghten test or any other
test of insanity for that matter, in favour of diminished responsibility, an option adopted from Scotland (Briscoe et al. 1993)
and incorporated into England’s Homicide Act of 1957. In
1960 the Court of Appeal broadened the definition of ‘abnormality of mind’ in the defining criteria of diminished responsibility to include neurotic and character disturbances (Regina
v. Byrne, 1960). Other countries too have adopted the concept
of diminished responsibility for cases in which the mental disorder, though a significant factor, does not completely absolve
the defendant of criminal responsibility. When successful for
the defendant this results in conviction of a lesser included
offense.

Germany
In Germany besides exculpation, or acquittal based on insanity,
an alternative defense and verdict is deculpation, diminished
responsibility, with corresponding mitigated punishment. Criteria for diminished responsibility are satisfied ‘if, when committing the act, the capacity of the actor to understand that the
act is wrong or to act according to this understanding, (is)
substantially diminished by one of the [following] reasons:
mental illness, a profound disturbance of consciousness, mental
retardation or any other serious mental abnormality’ (StGB,
section 21). Often diminished responsibility according to
section 21 is stated for cases with considerable intoxication, or
for cases of severe personality disorder, when the special symptoms of the disorder are connected with the motivation for the
crime in question, or for very severe and deeply entrenched
forms of sexual disorders. Diminished responsibility might
finally be discussed for crimes committed in a state of very high
emotional arousal. Saß (1993) has explained a theoretical
concept and guidelines for a structured assessment for the existence and effects of the ‘profound disturbance in consciousness’
for crimes of passion, which may have relevance to corresponding psycholegal concepts in countries other than Germany.
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Italy
In Italy, partial mental impairment (vizio parziale di mente) can
result where ‘A person who, at the moment of committing the
crime, was in such a state of mind that without being excluded,
the capacity to intend or to will was greatly decreased, is responsible for the crime committed but the punishment is diminished’ (article 89 of the Italian Penal Code, cited in Ciccone and
Ferracuti 1995, p. 454).

United States
Overwhelming emotion has been applied to criminal responsibility differently in different countries. As the result of sufficiently severe mental disturbance it could constitute an
irresistible impulse or satisfy the ALI volitional prong and contribute towards an insanity defense, depending on jurisdictional law. In the USA the ‘heat of passion’ defense has long
been used to reduce murder to manslaughter. Where jurisdictional law allows this defense, it is satisfied by commission of
the criminal act under the influence of heat of passion in
response to a sequence of acts that would cause a normal person
to act similarly and without a cooling off period between the
provocation and the ensuing act (Goldstein 1989). In this formulation mental abnormality is not required.
Several US states have adopted a broader principle, extreme
emotional disturbance, wherein consideration of the totality of
circumstances and the person’s mental condition can include a
contributing mental disorder. This partial defense is met in
New York state, for example, when the defendant has committed the act under an extreme emotional disturbance (EED) and
‘there must be a reasonable explanation or excuse, the reasonableness of which is to be determined from the viewpoint of a
person in the defendant’s situation under the circumstances as
the defendant believed them to be’ (New York penal law, p. 107).
A defendant who has suffered a ‘significant mental trauma’, can
advance a defense of EED by establishing that the trauma lasted
for a while, then without explanation erupted and resulted in
a homicidal act (People v. Patterson, 1976).

South Africa
In South Africa, diminished responsibility, distinguished from
both pathological and non-pathological incapacity, is used
rather commonly. If due to conditions such as ‘intense provocation, naïve intoxication, cultural beliefs, PTSD, and depression’,
the defendant was unable ‘to act in accordance with an appreciation of wrongfulness (i.e., with reduced control over his
action)’, a finding of diminished responsibility can result
(Kaliski 2006b; Taylor et al. in press). Following a series of court
decisions involving, respectively, provocation, intoxication and
emotional distress, the Supreme Court of Appeal in South
Africa settled on the following ‘defence of temporary nonpathological criminal incapacity’ based upon a concept of
automatism:

[c]onduct in a state of automatism is automatic, involuntary, reflexive, uncontrolled, unconscious, not goaldirected and not motor-controlled where the person is in
a dissociated state. Following the state of automatism
there is a period of bewilderment. Automatism does not
occur out of context, that is, there must have been an
antecedent build-up, for example, a period of conflict,
discord or dispute. A state of automatism also requires a
trigger event which unleashes an overwhelming response
and automatism is followed by total amnesia because of
the fact that the person is not able to register his conduct
during the state of automatism. (S. v. Moses, 1996 (1)
SACR 701, 711 (C)).
Typically raised in murder cases, non-pathological incapacity is the result of ‘circumstances that are supposedly external
to the accused, such as intoxication, provocation and emotional
stress’ (Taylor et al. in press). Concepts such as ‘emotional
storm’, ‘emotional collapse’ and ‘total disintegration of the ego’,
which are not diagnoses of recognised mental disorders, are
used by experts to describe mental conditions that qualify for
a defense of non-pathological incapacity in South Africa
(Kaliski 2006b; Taylor et al. in press).

Japan
In Japan a defendant found to have diminished responsibility,
termed shinshin kôjaku or ‘feeble mind’, can result in a lessening
of the criminal sentence. Feeble mind is determined by a finding
that abilities specified in ‘lost mind’ (insanity) are diminished
but not absent (Taylor et al. in press).

44.6.5 Determination and consequence
As for determination of competence to stand trial, the determination of guilty or not guilty based on a complete excuse of
mental illness, diminished responsibility with resulting mitigated sentencing (e.g. Germany, Italy, Japan) or extreme emotional disturbance resulting in conviction of a lesser included
offense (e.g. New York state), the determination is made by the
trial judge, tribunal or, where a jury system exists, by a panel of
the defendant’s fellow citizens. The forensic psychiatrist informs
the adjudicator of his or her findings and opinions but without
resolving the ultimate issue. Exactly what the expert is to
address in criminal responsibility determinations varies somewhat from one country to another, and in some cases from one
jurisdiction to another within certain countries.

44.6.6 Legal measures for rehabilitation
and security
Germany
If the criteria for criminal responsibility (Section 20 of the
German Penal Code) or of diminished responsibility are
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present, the court will always determine whether psychiatric
hospitalisation must occur in order to protect society (cf. Saß
et al. 2007)). This is one option of the so-called ‘measures for
rehabilitation and security’ in German penal law. The carrying
out of psychiatric care in a security hospital serves foremost the
protection of society from further felonious crimes, but the
treatment in a forensic hospital does not have the character of
punishment. In addressing the question of whether such a
measure is to be implemented, the court consults with a psychiatric or psychological expert. If hospitalisation should take
place, a forensic report is required, not just at the beginning of
the process, but at regular intervals every year, in order to
forensically establish whether the requirements for continued
hospitalisation in a secure facility continue to be met. Each year
a clinical assessment is completed and a report submitted to the
court which decides whether continued hospitalisation is justified. The length of confinement is not limited, but is adjusted
to the duration of the illness and the continuation of the danger
that is due to mental illness. Before the anticipated discharge of
a security patient from a special hospital, a careful evaluation
of the condition of the individual and of the risk of future
violence must be conducted by way of a forensic prognostic
assessment.

Preventive detention
Preventive detention (Sicherungsverwahrung, Section 66 of
the German Penal Code) likewise serves the goal of protecting
society from dangerous offenders (cf. Saß et al. 2007). The
aim is that a convicted recidivist of dangerous crimes must
remain in prison after the sentence has been served until he or
she is assessed to no longer be dangerous. This measure
was introduced in 1933 with the penal reform law and is frequently criticised for its misuse during the Third Reich.
However, in recent years, because of a high level of sensitivity
and openness concerning dangerous offenders, regulation
for the application for preventive detention has been progressively broadened, so that this measure can be more easily
imposed. This has caused considerable difficulties and fundamental discussions in Germany and Europe. For some years
there have been conflicting judgments, and numerous decisions
by the German Supreme Court have been overruled by the
European Court of Human Rights in Strasbourg because of
the violation of basic principles in the European Convention
on Human Rights. It is important to note that preventive detention applies to healthy offenders who do not suffer from a
mental illness or an addictive illness. In this respect there are
controversies about the impact of the diagnosis of antisocial
personality disorder. The crucial criterion for imposition of
preventive detention is that a strong personal disposition to
commit felonies exists which are dangerous to the general
public. The determination of this kind of disposition to commit
dangerous offenses is likewise based upon a forensic psychiatric
assessment.
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Italy
In Italy, the psychiatrist who evaluates the defendant to address
criminal responsibility is expected to respond to two questions:
‘(1) Is the accused imputable (blameworthy, punishable)?; and
(2) Is the accused socially dangerous (likely to commit further
crimes)?’ (Ciccone and Ferracuti 1995). Three possible answers
to the first question include the following:
[T]he defendant is imputable (responsible), in which the
second question (above) is not answered; the defendant
has a partial mental illness, in which case the second
question, regarding social dangerousness, must be
answered, or the defendant has a total mental illness and
the second question must be answered. (Ciccone and Ferracuti 1995, p. 457)

United States
In the USA, the psychiatrist is expected to address the legal
standard for the insanity defense, but it would be improper to
proffer an opinion on the ultimate issue of guilt or not guilty
by reason of insanity because this would be encroaching on the
province of the fact finder (adjudicator). In the state of Texas
the psychiatrist prepares two reports, one to address criminal
responsibility and the second to address treatment recommendations, including a recommendation for hospitalisation based
in part on the results of risk assessment. The reports are separate so that the considerations of the two issues do not bias one
another.

Sweden
Although ‘mentally insane’ offenders in Sweden are convicted
without regard to their mental state, they are not to be imprisoned. ‘Mentally insane’ was in 1965 defined as a ‘severe mental
disease or a mental abnormality equivalent to a mental disease’
(Kullgren et al. 1996, citing the Swedish criminal code, italics
preserved). Since 1965 the law no longer affords an insanity
defense for criminal defendants. Further revision in the law
resulted in legislation in 1992 intended to reduce the number
of personality-disordered offenders who were remanded for
psychiatric treatment. Thus, in 1992, the term ‘mental disorder’
was replaced with ‘severe mental disorder’, and ‘abnormal
equivalent to mental disease’ was deleted. Severe mental disorder included psychotic conditions as well as personality disorders with ‘severe loss of impulse control or presence of psychotic
features’ (Kullgren et al. 1996, citing the Swedish Forensic Psychiatric Act).
The establishment of a severe mental disorder is critical in
Sweden, because an offender with this finding cannot be
imprisoned. If a severe mental disorder is present at the time
of the forensic psychiatric evaluation, the offender is subject
to mandatory psychiatric care. A prison sentence cannot be
imposed if an offender suffered from a severe mental disorder
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at the time of the offense and a causal relationship is estab
lished between the disorder and the criminal act (Kullgren
et al. 1996).

44.7 Forensic security hospitals
Forensic mental patients are treated in a variety of settings, one
of the most universal and essential of which is the forensic
security hospital, or what is in Germany referred to as Maßregelvollzug. This refers to secure mental hospitals that are designed
to treat mentally ill defendants and offenders within the criminal justice system, for whom the risk of violent behaviour or
escape is sufficient that special security measures are needed.
The classification of patients in such hospitals can vary between
jurisdictions but can include patients who have been found not
guilty by reason of insanity and incompetent to stand trial.
Apart from defendants and offenders in the criminal justice
system, patients may also be admitted who have become too
violent to be safely managed in other, less secure hospital settings. The forensic security hospital can come under the administration of the mental health system or the correctional system,
but it is to be distinguished from prison hospitals. Prison hospitals are also secure but they treat already convicted and sentenced prisoners.
Clinical objectives in forensic security hospitals are to treat
the individual’s mental condition, bringing symptoms under
sufficient control so that, depending on his or her legal status:
(i) competence to stand trial is restored and he or she can be
returned to jail to stand trial; (ii) ‘insanity’ is improved such
that the risk of violence is lessened and he or she can be transferred to a less secure setting; and (iii) if civil, the patient’s risk
of violence is lessened and he or she can be safely returned to
a non-secure hospital. The role of the forensic psychiatrist, in
contrast to the treating psychiatrist, can vary considerably.
AAPL (1995) advocates separating forensic from treatment
functions because of conflicts in the two professional roles. In
the UK and some other countries these two functions are not
compartmentalised. Indeed, in forensic security hospitals treatment has legal, not just clinical objectives, that is to restore
competence to stand trial and to reduce the risk of violence
such that the individual no longer requires court commitment
to the security hospital.
Within state and federal prison systems, prison hospitals
serve to treat sentenced prisoners who are too mentally disturbed or too dangerous to themselves or others to be safely
treated within the general prison population. Once treatment
has brought their symptoms under control such that they are
medication compliant and their risk of harming self or others
is diminished, hospitalised prisoners can be returned to the
general prison population and followed as ‘outpatients’ at the
prison mental health clinic. In the USA prisoners have a constitutional right not to be transferred to a mental hospital
against their will (Vitek v. Jones, 1980). Thus, a ‘Vitek’ hearing
must be held before effecting such a transfer except for psychi-

atric emergencies requiring only short-term crisis stabilisation
(Scott 2010).
When the offense was a violent one due to the offender’s
mental disorder, the so-acquitted defendant is typically
remanded to a security hospital for treatment and safe management. This hospital can exist within the correctional system or
the mental health system. Depending on available facilities and
jurisdictional law, it could be high, medium or low security.
Psychiatrists are typically required to conduct or participate in
risk assessments for periodic reviews concerning the amount of
security needed. As a rule, it is recommended that violent
offenders, when their improved condition allows, be stepped
down to facilities with lower security and phased into close community supervision, in order to support their progress without
making sudden and precipitous changes in safe management.

44.8 Formal education in the
subspeciality of forensic
psychiatry
A number of European countries today provide specialist education in forensic psychiatry, but only in Germany, Ireland,
Sweden and the UK is forensic psychiatry a formally recognised
subspecialty (Taylor et al. in press). Harmonisation within
European countries concerning training in forensic psychiatry
is still missing. This will be a future task of the Union of European Medical Specialists (UEMS), which is in charge of developing general standards for curricula and certification in the
different medical disciplines all over the European Union (EU).
This task has become even more urgent, because, in the process
of European unification, professional certifications must be
acknowledged by every member country of the EU.
Forensic psychiatry fellowship programmes existed in the
USA in the 1970s and were subject to accreditation by the
Accreditation Council on Fellowships in Forensic Psychiatry,
founded in 1988; since the 1990s they have been accredited by
the Accreditation Council for Graduate Medical Education, the
official accreditation body for all US specialty residency and
fellowship programmes. Formal subspecialty educational programmes uniformly require prior training in general psychiatry; length of study and requirements vary considerably from
one country to another.

Germany
In Germany during the last two decades a more formalised
structure, including well-defined curricula for the subspecialty
of forensic psychiatry, has been established. Today there are two
different ways that psychiatrists can demonstrate their forensic
qualifications to the courts. In either case a period of training
in a forensic hospital and/or a department for forensic psychiatry at a university hospital is required. Then candidates can pass
an examination before a special board either of the German
Society for Psychiatry and Psychotherapy (DGPPN) or of the
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medical councils of the federal states in Germany. If they
succeed, they receive a certificate of ‘forensic psychiatry’ which
provides them a stronger reputation before the courts, although
up to now certification has not been mandatory for conducting
assessments and writing expert reports in forensic psychiatry.

United Kingdom
In the UK standards for accreditation in all medical subspecialty training is overseen by the Postgraduate Medical Education Training Board. The Royal College of Psychiatrists, which
is the principal professional organisation for psychiatrists in the
UK, actively establishes curricula requirements and recommends methods of training assessment (Reeves et al. 2007).
Upon completing specialty education in psychiatry, trainees
in the UK can select one of six recognised subspecialties for
further training. The 3-year programme includes supervised
clinical assignments, where the trainee gains experience in risk
assessment and managing patients in various settings (including high security), as well as in tribunal work (Reeves et al.
2007).
Upon successful completion of a subspecialty education
programme in forensic psychiatry, the psychiatrist is awarded a
Certificate of Completion of Subspecialist Training (CCT), a
prerequisite for assignment to a subspecialty consultant position within the National Health Service. The CCT was created
by European Specialist Medical Qualifications Order 1995,
making UK training more consistent with medical directives of
the EU (Reeves et al. 2007).

United States
The accreditation body in the USA for all medical specialty and
subspecialty residencies, including forensic psychiatry fellowship programmes, is the Accreditation Council for Graduate
Medical Education (ACGME). Although forensic fellowships
are only for 12 months, trainees must develop competencies
through well-defined goals and objectives. As minimum
ACGME requirements, the didactic curriculum must include
subcurricula in relevant aspects of the legal system, civil law and
criminal law, usually achieved through seminars and supervision. Experiential and didactic requirements are extensive and
diverse. In further supporting the quality of education in forensic psychiatry fellowships, the Association of Directors of
Forensic Psychiatry Fellowships (ADFPF), through individual
programme directors, promotes currency in forensic psychiatry
training and improvement in education methods (Reeves et al.
2007).

44.9 Conclusions
Unlike scientific principles and methods, which are universal,
legal standards for mental competencies are variable and specific for countries and subjurisdictions within countries. The
central concern for forensic psychiatry is the application of
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diagnostic and assessment methods to the legal requirements
for specific competencies. Recognising that forensic psychiatry
is concerned with a broad array of various civil and criminal
competencies, the authors here address general legal competence, competence to stand trial, the defenses of insanity
and diminished responsibility, forensic security hospitals, and
forensic subspecialty training. The sampling of countries
included in this international comparison illustrates differences
but also commonalities in legal approaches, especially to CST
and criminal responsibility, and dispositions, and therefore in
the proper role of forensic psychiatry.
Of supranational importance are the general principles of
criminal responsibility with respect to mental disorders. In any
country the two-step examination should be followed. First, the
psychiatrist conducts an evaluation to determine whether the
defendant has a disorder that corresponds to a qualifying disorder or a condition that would be compatible with a mental
illness defense. In the second step, the psychiatrist assesses
whether the defendant’s condition and resulting psychological
dysfunction at the time of the act would have impaired totally
or partially the psycholegal criteria for the standard(s) in question (e.g. for exculpation or deculpation in Germany, for total
or partial mental impairment in Italy, for insanity in the USA,
or diminished responsibility in England, Wales and Scotland).
Also of relevance and commonality to forensic psychiatry in
all countries is the application of scientifically based clinical
principles and ethically approved practice to forensic assessments. Differences to be noted are the particular diagnostic
systems relied upon (e.g. DSM, ICD) and whether or not treating psychiatrists also function as forensic psychiatrists for the
same individuals.
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45

Legal Aspects
of Toxicology

Ilkka Ojanperä and Erkki Vuori

45.1 Introduction
The home of forensic toxicology is within forensic medicine.
This is indeed the case with postmortem toxicology, which
represents the oldest area of toxicology and the most established area of forensic toxicology. Revealing homicidal poisoning has historically been the driving force behind the
development of forensic toxicological methods (Müller 2009).
However, forensic toxicology as a discipline has since grown
beyond the limits of cause of death investigations. It is an interdisciplinary field applying the methods of analytical chemistry,
pharmacology and toxicology to the analysis of drugs and
chemicals in biological samples, together with interpretation of
the results for legal purposes. Human performance toxicology
focuses on investigations of individuals suspected of driving
under the influence of alcohol or drugs. Other fields where
forensic or, in a broader sense, analytical toxicology is applied
include drug-facilitated and drug-related crime, drunkenness
at work, drug testing programmes (workplace, military,
schools), child welfare, correctional facilities, treatment of drug
addicts, sports doping control, environmental toxicology, terrorism and chemical warfare. An underlying feature of forensic
toxicology is that the analytical toxicology findings and their
interpretation play an important role in administrative or judicial inquiries and may result in various forms of sanctions or
punishments. Consequently, the principles, methods, practices
and personnel have to conform to appropriate standards.
Forensic toxicologists frequently testify in court to support
both their findings and their interpretation. Depending on the
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legislation, they may be summoned to appear in court as witnesses or expert witnesses.

45.2 Administrative issues
45.2.1 Education and research
Education and training in forensic toxicology mainly take the
form of workplace learning in a laboratory environment and
continuous or targeted training. The basic education of forensic
toxicologists is generally in chemistry, biochemistry, pharmacy
or medicine. Some universities have a professor, associate professor or senior lecturer chair in forensic toxicology or related
fields. Education for a master’s degree in forensic toxicology is
only provided by a few institutes, one being the University of
Glasgow, which offers an MSc (MedSci) degree over 12 months
full-time for students with the appropriate academic degree.
Postgraduate education is given in many departments of forensic medicine. The duties of the professor or lecturer include not
only postgraduate education and scientific research, but in
many cases also managing an analytical toxicology service laboratory and acting as a national expert in forensic toxicology.
Research in forensic toxicology usually deals with biological
material taken from volunteers, patients or deceased persons,
and a research project requires the consent of the appropriate
ethical committee.
The main scientific journals publishing forensic toxicol
ogy research include International Journal of Legal Medicine,
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Forensic Science International, Journal of Analytical Toxicology,
Journal of Forensic Sciences, Drug Testing and Analysis and
Forensic Toxicology. In addition, many other journals in the
fields of analytical chemistry, pharmacology, toxicology and
substance abuse publish articles relevant to forensic toxicology.
Standard references of analytical toxicology presenting substance monographs together with analytical methods and pharmacological and toxicological data include Clarke’s Analysis of
Drugs and Poisons (Moffat et al. 2011) and Disposition of Toxic
Drugs and Chemicals in Man (Baselt 2011). Textbooks on the
principles and techniques of analytical and forensic toxicology
include Fundamentals of Analytical Toxicology (Flanagan et al.
2007) and Principles of Forensic Toxicology (Levine 2010).

45.2.2 Associations and organisations
As there is no official international educational, administrative
or technical framework in forensic toxicology, various associations play an important role in providing laboratory and
specimen guidelines, arranging international meetings and
workshops, and giving support to members from developing
countries. In addition to domestic associations of local importance, the most important internationally recognised associations are The International Association of Forensic Toxicologists
(TIAFT), founded in London in 1963, and its North American
counterpart, the Society of Forensic Toxicologists (SOFT),
founded in New York in 1970. During the 1960 and 1970s, both
therapeutic and illicit drugs became more prominent in society
than ever before, making specialisation in forensic toxicology
necessary within forensic science and medicine. Today, the
members of these associations come predominantly from the
medical examiners’ and coroners’ laboratories, forensic science
institutions, horse racing and sports doping laboratories, hospitals and university departments of legal medicine, pharmacology, pharmacy and toxicology. Both TIAFT and SOFT
arrange annual meetings attended by several hundred participants and joint meetings attracting more than a thousand participants. The American Board of Forensic Toxicology (ABFT)
establishes and updates voluntary standards for the practice of
forensic toxicology and for the examination and recognition of
scientists and laboratories providing forensic toxicology services. In several countries, judicial authorities impose proficiency
testing and/or accreditation in forensic toxicology, necessitating
international agreement concerning method validation and
quality assurance requirements. Box 45.1 lists some of the more
important associations and organisations within forensic toxicology and related fields.

45.2.3 Laboratory quality and
accreditation
A thorough compendium of laboratory guidelines and standards in clinical and forensic toxicology has been published by
Penders and Verstraete (2006). Forensic laboratories seeking

Box 45.1 Associations and authorities in forensic toxicology
and related fields.
•

American Board of Forensic Toxicology (ABFT): http://www.
abft.org/
• Australian and New Zealand Forensic Science Society
(ANZFSS): http://anzfss.org.au/
• European Monitoring Centre for Drugs and Drug Addiction
(EMCDDA): http://www.emcdda.europa.eu/
• American Academy of Forensic Sciences (AAFS): http://www.
aafs.org/
• Canadian Society of Forensic Science (CSFS): http://www.
csfs.ca/
• European Workplace Drug Testing Society (EWTDS): http://
www.ewdts.org/
• Forensic and Clinical Toxicology Association (FACTA): http://
www.facta.org.au
• Forensic Science Society (FSSoc): http://www.forensicscience-society.org.uk/
• Forensic Toxicologist Certification Board (FTCB): http://
home.usit.net/∼robsears/ftcb/
• Gesellschaft für Toxikologische und Forensische Chemie
(GTFCh): http://www.gtfch.org/cms/
• International Association of Therapeutic Drug Monitoring and
Clinical Toxicology (IATDMCT): http://www.iatdmct.org/
• International Council on Alcohol, Drugs and Traffic Safety
(ICADTS): http://www.icadts.nl/
• International Organization for Standardization (ISO): http://
www.iso.org/iso/home.htm
• LTG (formerly London Toxicology Group): http://www.the-ltg.
org/
• National Institute on Drug Abuse (NIDA): http://www.nida.nih.
gov/nidahome.html
• Organisation for the Prohibition of Chemical Weapons (OPWC):
http://www.opcw.org/
• Société Française de Toxicologie Analytique (SFTA): http://
sfta.org/
• Society of Forensic Toxicologists (SOFT): http://www.softtox.org/
• Society of Hair Testing (SoHT): http://www.soht.org/
• The International Association of Forensic Toxicologists
(TIAFT): http://www.tiaft.org/
• United Nations Office on Drugs and Crime (UNODC): http://
www.unodc.org/
• World Anti-Doping Agency (WADA): http://www.wada-ama.
org/
• World Health Organization (WHO): http://www.who.int/en/
All last accessed 20 March 2013.

formal recognition for their quality systems have increasingly
been accredited by an accreditation body based on standards
provided by the International Organization for Standardization
(ISO). The standard ISO/IEC 17025:2005 specifies the general
requirements for the competence to carry out tests and/or calibrations, including sampling (ISO 2005). It covers testing and
calibration performed using standard methods, non-standard
methods and laboratory-developed methods. ISO/IEC
17025:2005 is for use by laboratories in developing their management systems for quality, and for administrative and techni-
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Box 45.2 Main content headings of standard ISO/IEC
17025:2005 used by testing and calibration laboratories,
including forensic testing and clinical analysis.
Management requirements
• Organisation
• Management system
• Document control
• Review of requests, tenders and contracts
• Subcontracting of tests and calibrations
• Purchasing services and supplies
• Service to the customer
• Complaints
• Control of non-conforming testing and/or calibration work
• Improvement
• Corrective action
• Preventive action
• Control of records
• Internal audits
• Management reviews
Technical requirements
• Personnel
• Accommodation and environmental conditions
• Test and calibration methods and method validation
• Equipment
• Measurement traceability
• Sampling
• Handling of test and calibration items
• Assuring the quality of test and calibration results
• Reporting the results

cal operations. Laboratory customers, regulatory authorities
and accreditation bodies may also use it in confirming or recognising the competence of laboratories. The standard necessitates not only technical competence, but also emphasises the
responsibilities of senior management, the requirements for
continual improvement of the management system itself, and
communication with the customer. As developing and maintaining an accredited quality system is rather expensive, many
institutions carefully assess the pros and cons obtained with the
status of being an accredited laboratory. The main content of
ISO/IEC 17025:2005 is presented in Box 45.2.
The ISO standards and published guidelines seldom provide
a practical approach as to how method validation should occur
in a particular laboratory setting, taking into account the experimental set-up, differences in guidelines, choice of appropriate
decision criteria and statistics. Wille et al. (2011) have published
professional suggestions concerning validation experiments
and acceptance criteria for quantitative bioanalytical methods
with an acceptable statistical basis and considering the time and
cost factors involved. However, in substance identification, no
all-encompassing treatise is available. For analytical techniques
incorporating column chromatography and mass spectrometry, one may consult the World Anti-Doping Agency (WADA)
technical document TD2010IDCR (WADA 2010) on the identification criteria for qualitative assays.
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A crucial aspect of all forensic toxicology is maintaining the
chain of custody in order to prevent the possibility of evidence
loss or tampering. Chain of custody refers to the time during
which evidence is handled and includes every person who
handles the evidence. According to the SOFT/American
Academy of Forensic Sciences (AAFS) Forensic Laboratory
Guidelines, a chain of custody form should accompany specimens from the place of collection to the laboratory, and this
document may be incorporated in the laboratory request form.
It is recommended that the chain of custody documentation
reflects not only the receipt of the specimen from an outside
source, but also transfers of the specimen, or an aliquot thereof,
within the laboratory. If the chain of custody is broken in any
way, the evidence may be excluded from court testimony.

45.3 Abused and controlled
substances
One of the main goals of forensic toxicology is to identify and
subsequently quantify a broad range of exogenous substances
in biological samples. Although all toxicologically relevant substances are of interest in postmortem toxicology, the focus of
drug screening procedures in most other areas is generally on
psychotropic drugs that affect behaviour. Illicit drugs occupy a
special position due to the legal consequences of their use. The
legal bases for internationally controlled substances are the
Single Convention on Narcotic Drugs of 1961 and the Convention on Psychotropic Substances of 1971. These treaties have
since been supplemented by national legislation due to the
slowness of international classification. The current evolution
of designer drugs has made the situation even more complex.
The term ‘legal high’ is used to describe substances that
are designed to mimic the effects of recreational drugs, such
as amphetamine, 3,4-methylenedioxy-methylamphetamine
(MDMA or ecstasy) and cannabis, but that are not controlled
by legislation. Numerous stimulants, hallucinogens and synthetic cannabinoids (Wohlfarth and Weinmann 2010) are now
available via the Internet without difficulty, and their legal
control status differs from country to country.
The practice of forensic toxicology is very much dependent
on the reference standards for drugs, poisons and metabolites,
and it is no exaggeration to say that a comprehensive reference
standard collection is the laboratory’s most valuable physical
asset. While preliminary substance identification is possible, for
example by comparing acquired mass spectra with library
spectra, in the case of biological samples proper quantification
inevitably requires a reference standard, preferably equipped
with a purity certificate. The ultimate reference is certified reference material for a biological matrix, such as blood, urine or
hair, that incorporates the analyte at a known concentration.
Reference standards for many drugs and metabolites can be
obtained from pharmaceutical companies or purchased from
reference standard manufacturers. Reference materials can be
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obtained from multicentre proficiency test programmes after
the consensus concentrations and their confidence limits for
the analytes in question have been established, and these materials are also commercially available. However, the availability
of standards for internationally controlled substances is hindered by excessive administrative requirements, including
import and export licences and extra costs; and the delay in
obtaining milligram amounts of product may be several
months. The United Nations Office on Drugs and Crime
(UNODC) has made available samples of reference substances
of drugs under international control in small quantities (usually
in the range of 20–50 mg) upon request to national drug testing
laboratories in countries with limited resources.

45.4 Postmortem toxicology
45.4.1 Frequency and scope of
investigation
The legal basis for a medicolegal cause of death investigation
differs between countries. In Europe, the investigation is usually
started by the police, who seek the expertise of a competent
authority in charge of forensic medicine, often resulting in an
autopsy performed by a forensic pathologist. In the United
States, medicolegal death investigations are typically conducted
by either a coroner system or a medical examiner system organised by the relevant county, district or state level depending on
individual state law (Hanzlick 2007). The medicolegal autopsy
rate varies considerably between countries, from a few per cent
to over 20% of all deaths (Lunetta et al. 2007). Likewise, the
rate of postmortem toxicological investigations depends on a
multitude of factors. These include differences between countries or states, between types of postmortem cases and between
requests from individual forensic pathologists, medical examiners or coroners. In the European countries, postmortem toxicological investigations are typically performed by government
institutions for forensic medicine or forensic science, university
departments of forensic medicine or university hospitals, but
not by private laboratories. Samples are sent to laboratories
mostly on a regional basis. In the USA and UK, however, private
laboratories play a greater role in this context and may acquire
the samples in recognition of the special expertise they offer for
the case in question.
The main indications for postmortem toxicological investigation are suspicions, circumstances or autopsy findings that
suggest poisoning. A toxicological investigation should also be
performed in cases of homicides, traffic accidents, occupational
accidents, suspicions of malpractice and where the immediate
cause of death is unknown following an autopsy. The deaths of
known drug and alcohol abusers are often associated with accidental or suicidal overdoses. A toxicological investigation is
desirable in all cases involving children and young adults,
regardless of their apparent cause of death. Even at lower than
toxic levels the pattern of substance use may be important for

the picture as a whole, and occasionally it is worthwhile checking compliance with pharmacotherapy.
Postmortem toxicological investigations have traditionally
been used to resolve individual cases and thus improve the legal
protection of individuals and society. However, postmortem
toxicology can serve society in a broader sense by contributing
to death statistics and scientific studies, but to be successful this
requires that systematic and comprehensive toxicological investigations are performed regarding the most important types of
death. Marked differences came up between the Nordic countries in a study on drugs related to motor vehicle crashes during
2001–2002. In Sweden and Finland, more than 90% of the
drivers killed in traffic accidents were subjected to a medicolegal autopsy with a subsequent full toxicological investigation.
In Norway, a medicolegal autopsy was performed only in 47%
of the cases, but toxicological results were still obtained in 71%,
since it was possible to analyse antemortem samples taken in
hospital or postmortem samples taken without a medicolegal
autopsy. In Iceland and Denmark, the rates of postmortem
toxicological investigations were 43% and 8%, respectively
(Mørland et al. 2011).

45.4.2 From findings to statistics
National mortality statistics are based on death certificates
issued by forensic pathologists. Frequently, the suspicion of
fatal poisoning arises from laboratory findings, and this is why
the broadest possible general screening is recommended in
postmortem toxicology. Apart from alcohol, fatal poisonings
involving only a single substance finding are relatively rare
(Jones et al. 2011). It is inadvisable to restrict the scope of
investigation at the beginning, since minor findings may also
be indicative and reveal prior drug use or abuse or concomitant
influence of several drugs, resulting in a possible drug interaction or synergistic effect at the time of death. The relevance of
the findings depends on the nature of the substances in question, the concentrations found and any tolerance. Postmortem
artefacts, like redistribution, add an extra dimension in the
interpretation of laboratory findings.
It is the duty of the forensic pathologist to decide the significance of toxicological findings after consulting the forensic
toxicologist. The conclusion is seldom based solely on a laboratory diagnosis – anamnestic and circumstantial evidence as well
autopsy findings help the pathologist to decide the manner and
cause of death and to determine if toxic substances have a
causal relation to the death. In such a case, the verified finding
should be reported in the death certificate. Information from
death certificates is then transferred to the cause of death database and national mortality statistics. However, if the medical
examiner finds no causal relationship between the toxicological
finding and death and leaves the finding unreported, the finding
does not enter the statistics. A Finnish study showed that cannabis was mentioned in the death certificates in only 52% of
cases in which the deceased’s blood was positive for this drug;
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amphetamines were reported in 81%, and cocaine and opioids
were reported in practically all cases (Lahti et al. 2009). This
reflects the differences in the inherent toxicity of these substances: cannabinoids hardly ever cause a fatal poisoning while
opioids even in therapeutic doses can cause a non-tolerant user
serious respiratory depression and death (Drummer 2001).
Similarly, under-recording of ethanol intoxication was reported
(Lahti et al. 2011).
The International Classification of Diseases 10 (ICD-10) was
endorsed by the 43rd World Health Assembly in May 1990 and
was adopted by World Health Organization (WHO) member
states as of 1994. The classification is the latest in a series which
has its origins in the 1850s. ICD-10 is the international standard
diagnostic classification for all general epidemiological and
many health management purposes and for clinical use (WHO
1994). This includes the analysis of the general health situation
of population groups and the monitoring of the incidence and
prevalence of diseases and other health problems. It is used to
classify diseases and other health problems recorded in many
types of health and vital records including death certificates and
health records. In addition to enabling the storage and retrieval
of diagnostic information for clinical, epidemiological and
quality purposes, these records also provide the basis for the
compilation of national mortality and morbidity statistics by
WHO member states.
According to ICD-10, classification of single substance poisonings is straightforward. However, classification of combined
poisonings is ambiguous. For instance, according to the rules ‘a
combination of a medicinal agent and alcohol should be coded
according to the medicinal agent’. The literal application of this
rule results in the role of alcohol as a cause of death being
underestimated and that of drugs overestimated. In most cases,
the national statistics do not provide sufficient information to
estimate the role of a single drug, or drug abuse, in fatal poisonings in order to judge its role in society. Only the detailed
information available from the special registers generated by
forensic toxicology laboratories can meet this requirement. The
quality of mortality statistics is a crucial issue, since they are
widely used for national health administration, international
comparison and epidemiological research (Flanagan and
Rooney 2002).

45.4.3 Estimation of fatal toxicity index
Annual national statistics on fatal poisonings provide an opportunity to monitor changes in the mortality rates in a country.
If the population concerned is stable enough, annual figures
can even warn of undesirable trends such as the changing popularity among common drugs prone to abuse. However, these
statistics do not allow the toxicity of a given drug to be evaluated or different drugs to be compared with each other.
Consequently, methods have been developed to relate fatal poisonings to the consumption (availability) of drugs. Cassidy and
Henry (1987) calculated the fatal toxicity index (FTI) for anti-

Table 45.1 Fatal toxicity indices (FTIs) for some hypnotics and
sedatives in 2008–2010 in Finland. The defined daily
dose (DDD) is 7.5 mg for zopiclone, 20 mg for
temazepam and 50 mg for oxazepam. Sales are given
in DDD (mg) per 1000 inhabitants per day.
Drug

2008

2009

Zopiclone, deaths

30

29

21

Zopiclone, sales

26.7

25.2

23.8

Zopiclone, FTI

1.12

1.15

2010

0.88

Temazepam, deaths

22

19

12

Temazepam, sales

16.6

15.4

14

Temazepam, FTI

1.32

1.23

0.86

Oxazepam, deaths

3

0

1

Oxazepam, sales

7.55

7.25

7.02

Oxazepam, FTI

0.40

0

0.14

depressants by dividing the number of deaths by the number
of prescriptions, by the number of standard quantity units
prescribed or by the weight of drug prescribed. If information
on prescriptions is not available, the FTI can be calculated by
dividing the number of fatalities by the number of defined daily
doses (DDDs) given per 1000 inhabitants per day (Vuori et al.
1989). In general, the different ways of estimating the risk give
a very similar ranking of drugs in fatal poisonings. The FTI has
also been calculated for illicit drugs (heroin, cocaine/crack,
MDMA, amphetamines, cannabis) as the ratio of the number
of deaths associated with that substance to its availability in a
certain period by three separate proxy measures of availability:
number of users as determined by household surveys, number
of seizures by law enforcement agencies and estimates of market
size (King and Corkery 2010).
Table 45.1 compares oxazepam, temazepam and zopiclone
in fatal poisonings in Finland in 2008–2010. Zopiclone and
temazepam are registered as hypnotics but oxazepam is predominantly prescribed as an antianxiety agent. In this case, the
FTI of oxazepam and temazepam, although these drugs belong
to the same benzodiazepine family, differ from each other, with
the FTI of temazepam being higher. Zopiclone and temazepam
show more similar FTIs even though they are not chemically
related. This example shows that, in addition to intrinsic toxicity, similar prescription and usage practices within a therapeutic category can be a determining factor for FTI.

45.5 Clinical forensic toxicology
45.5.1 Driving under the influence of
alcohol or drugs
Alcohol consumption represents a risk in all kinds of transportation accidents as well as in the use of machinery. Statistics
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indicate that 20–50% of all fatal crashes involve an alcoholimpaired driver. Control of drink-driving is perhaps the one
area related to forensic toxicology that affects the highest
number of ordinary people through traffic spot-checks with
breath alcohol screening tests carried out by the police. As clinical tests of inebriation are too subjective, punishable limits have
generally been imposed for blood alcohol concentration and/
or breath alcohol concentration. The statutory blood alcohol
limits usually range from 0.2‰ to 0.8‰ (or mg/g), expressed
in many countries as mass/volume units. A zero tolerance
approach is taken in some countries, but this may cause ambiguity in the interpretation of low concentrations. Most countries also enforce a higher limit defining a more serious offence
carrying more severe penalties. The development of evidential
breath alcohol testing instruments, producing results that can
be used in court as evidence of breath alcohol concentration,
have transferred the main workload from forensic toxicology
laboratories to law enforcement agencies. Using a blood : breath
ratio of alcohol ranging from 2000 : 1 to 2400 : 1 in different
countries, statutory breath alcohol concentrations have been
defined (Jones 2011).
Even after a negative roadside breath alcohol test, the police
officer may suspect the involvement of drugs other than alcohol.
According to the impairment standard, the driver is guilty of
the crime of driving under the influence if it can be shown that
his or her driving ability is affected by drug or alcohol use.
However, many countries enforce either the per se approach,
defining punishable drug concentrations or zero tolerance laws
for driving under the influence of drugs. Toxicological analysis
is the key piece of evidence in such cases.

45.5.2 Workplace drug testing
Workplace drug testing originated in the USA during the 1980s
following a cannabis-related railway accident with several fatalities, the ‘crack’ cocaine epidemic and the declaration of a ‘war
on drugs’ by the US government. After first involving those
federal employees in positions involving safety and security,
workplace drug testing is now an accepted practice in both
public and private sectors. In Europe, Australia and other
industrialised countries, workplace drug testing has gained
increasing acceptance over the past two decades. The Quest
Diagnostics Drug Testing Index gives data on the number of
positive samples in the USA from workplace drug testing. These
statistics show an almost continuous decrease in the number of
positive findings. Studies carried out in the late 1980s showed
that workplace drug testing had a deterrent effect on drug use,
reducing the number of accidents and injuries and improving
productivity or cost-effectiveness. However, future studies
based on more advanced methodology are required.
The legal and regulatory issues concerning workplace drug
testing vary between countries. Many European countries allow
testing when there is a health, safety or security risk, or when
it is deemed ‘necessary’ or when there is a ‘reasonable suspicion’

that an employee is under the influence of an intoxicant. Wide
differences also exist in pre-employment testing in comparison
with the testing of existing members of the workforce. Only
three European countries – Finland, Ireland and Norway – have
specific legislation on drug testing in the workplace, while
Italy’s drugs legislation contains an article specifically addressing drug testing in the workplace. Court cases in Europe have
generally been favourable to the practice of workplace drug
testing, leading to dismissals of employees who tested positive
(O’Sullivan 2011).
The three guidelines most widely applied to workplace drug
testing are the following: the Australian/New Zealand Standard
Procedures for Specimen Collection and the Detection and
Quantitation of Drugs of Abuse in Urine (AS 4308), the Mandatory Guidelines for Federal Workplace Drug Testing Programs and the European Laboratory Guidelines for Legally
Defensible Workplace Drug Testing. Urine is the standard specimen used but alternative samples include hair, oral fluid, sweat
and blood. An important part of the guidelines are the cut-off
limit concentrations issued separately for screening and subsequent confirmation analysis. Cut-off limits are administrative
concentrations that indicate if the person has used or was
exposed to a drug or drugs. The principles and technical
requirements of these guidelines apply not only to drug testing
in the workplace, but also to drug testing in prisons, in the
armed forces, schools, etc., although administrative aspects
may vary.

45.5.3 Child welfare
Abuse of drugs or alcohol by parents, relatives and other caregivers can have adverse effects on the health and safety of
children, and consequently there are laws in most countries
within child welfare that address the issue of substance abuse
by parents. Two main areas of concern are the harm caused by
prenatal drug exposure and the harm caused to children by
exposure to illegal drug activity in their homes or environment
(Moller et al. 2010). Newborn infants intrauterinally exposed
to opioids may suffer from abstinence syndrome following
withdrawal, and they may have an increased mortality risk
during the neonatal period and adverse neurological development. Abstinence symptoms are also commonly associated
with exposure to other drugs that can cause dependence such
as amphetamines, barbiturates, benzodiazepines, cannabis,
cocaine, nicotine and even antidepressants. Maternity clinics or
similar institutions play a key role in revealing pregnant drug
abusers and referring them for follow-up and treatment. The
specimens used to detect in utero drug exposure include meconium and neonatal urine and hair. Collection of meconium is
easy and non-invasive, and the specimen allows a longer
window for drug detection than other neonatal specimens. The
detection window for infants’ urine is longer than for maternal
urine. A toxicological investigation may provide essential information on maternal abuse problems, often denied by the

CHAPTER 45   LEGAL ASPECTS OF TOXICOLOGY

parents, and provide a foundation for decisions concerning
child welfare measures, including discharge with follow-up,
custody or adoption.
Adverse effects on children are obvious when parents or
other members of their households abuse alcohol or drugs or
engage in other illegal drug-related activities. These problems
include exposing a child to drugs, chemicals or drug-related
equipment; selling, distributing or giving drugs or alcohol to a
child; or using a drug that impairs the caregiver’s ability adequately to care for the child. In these cases, a toxicological
investigation may involve a multitude of samples, such as blood,
urine and hair from the child and parents as well as suspected
materials from the scene.

45.5.4 Drug-facilitated sexual assault
Drug-facilitated sexual assault has become an important area
of forensic toxicology, partly due to the media publicity it has
received. Drug-related assaults may also be encountered in
cases of robbery or in other atypical circumstances. A stereotypical scenario involves an unfamiliar male who spikes the
drink of an unsuspecting female with ‘knock-out drops’, sedates
her and subsequently sexually assaults her. Victims often report
amnesia during and after these incidents. However, several
studies have shown that deliberately taken alcohol and/or
drugs are the most frequently encountered substances in the
cases properly investigated, with alcohol being the main cause
of incapacitation (Beynon et al. 2008). In addition, the perpetrator is very often to some extent familiar to the victim, hence
the terms ‘date rape’ and ‘acquaintance rape’ are rightly used.
In any case, the victim should be encouraged to report to the
police as soon as possible in order to ensure an appropriate
investigation. Consequently, collection of blood and urine
should be arranged preferably within 24 hours and not later
than 96 hours by a medical examiner or other medical personnel. A hair sample collected weeks after the alleged crime has
sometimes been used to prove past exposure to a drug through
segmental analysis. Too seldom can drinks, powder remains or
other material be recovered from the scene for laboratory
analysis.
Apart from alcohol, many kinds of drugs are in principle
able to incapacitate the victim. These include the main drugs
of abuse as well as hallucinogens, ketamine, γ-hydroxybutyrate
(GHB) and its analogues, benzodiazepines and other sedatives,
chloral hydrate, barbiturates, opioids, sedative antihistamines,
scopolamine and other anticholinergics, antipsychotics, centrally acting muscle relaxants, and antihypertensive agents
including clonidine and tetryzoline. As single doses of these
drugs need to be detected, often based on the respective metabolites with longer elimination half-lives, drug-facilitated sexual
assault provides a major challenge in terms of scope and sensitivity for forensic toxicology laboratories. SOFT has published
recommendations with cut-off limits for the laboratory investigation of drug-facilitated sexual assault.
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45.6 Doping
The World Anti-Doping Agency was established in 1999 as an
international independent agency composed of, and funded
equally by, the sports movement and governments of the world.
Its key activities include scientific research, education, development of antidoping capacities, and monitoring of the world
antidoping code. The code is the core document that provides
the framework for harmonised antidoping policies, rules and
regulations within sports organisations and among public
authorities. It works in conjunction with five international
standards aimed at bringing harmonisation among antidoping
organisations in various areas: testing, laboratories, therapeutic
use exemptions (TUEs), the ‘list of prohibited substances and
methods’ and for the protection of privacy and personal information. WADA is a Swiss private law foundation. Its seat is in
Lausanne, Switzerland, and its headquarters are in Montreal,
Canada. WADA works towards a vision of a world where all
athletes compete in a doping-free sporting environment.
Doping offences may be liable to criminal justice sanction
under current law. For instance, the preparation, importation,
dissemination and possession with the intent to disseminate
have been criminalised by some countries.
The list of prohibited substances and methods, compiled by
WADA (2011), is the backbone of doping control. There are 10
classes of compounds, three classes of methods and two groups
of compounds prohibited in particular sports. The classes are
of two types: closed and open. Closed means that the laboratory
needs to screen for only the named compounds, while open
means that compounds with similar chemical structures or
biological activities to those named in the list also have to be
included in the analytical methods. At the moment of collection
the doping control sample is split in half, sealed and labelled as
A and B samples. Laboratory testing begins with the A sample,
while the B sample is stored frozen and analysed only if the A
sample analysis is positive. The primary analysis of the A sample
takes place in two phases: initial testing (screening) and confirmation analysis. Badoud et al. (2011) have recently discussed
the challenges and perspectives of the analytical aspects of
doping control.

45.7 Sabotage, terrorism and
chemical warfare
Poisons and chemicals are known to be used as instruments of
sabotage, terrorism and warfare. These acts have caused casualties ranging from one or more victims to mass disasters. The
term ‘toxic industrial chemicals’ refers to a variety of chemicals
used or produced by industry that can have a significant impact
on human health if released into the air or water. A potential
threat exists for individuals located downwind or downstream
from an accidental or intentional release of chemicals and
for people situated near industrial processes involving toxic
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chemicals. Toxic industrial chemicals may pose a risk when they
are stored in large quantities in one location. An act of sabotage
or an accident can result in a large release of toxic material into
the air or water. For instance, chlorine is commonly used in
many industrial applications, such as water purification, sanitisation, bleaching and plastics manufacturing. Similarly, many
common chemicals can be used as raw materials to produce
harmful and controlled substances using instructions given on
the Internet. Modern society is vulnerable to attacks with toxic
industrial chemicals, and if several hundreds or thousands of
people are simultaneously exposed, the health care system may
lose its ability to function (Brennan et al. 1999).
Chemical warfare agents are a subset of toxic industrial
chemicals, and there are no legitimate non-offensive uses for
them. The specific compounds of concern are listed in the
schedules issued by the Organization for the Prohibition of
Chemical Weapons (OPWC). The Chemical Weapons Convention (CWC) has developed three lists of compounds that are
monitored and regulated. Currently there are 18 OPCWdesignated laboratories worldwide. In order to obtain and
maintain designation status, the designated laboratory must
have internationally recognised accreditation and participate
successfully in the OPCW proficiency tests. The Director
General of the OPCW selects designated laboratories for analysis of on-site samples. National laboratories are defined by the
CWC, and their tasks include informing companies and authorities about the CWC, collecting data from the country’s chemical industry, preparing national declarations to the OPCW and
escorting OPCW inspections in each country. The range of
toxic industrial chemicals is so large that no ordinary forensic
laboratory is able to analyse them all on a routine basis. Moreover, it is not possible to maintain a continuous analytical readiness for occasional samples. Thus good cooperation is needed
between forensic toxicology laboratories specialising in human
biological samples and national CWC laboratories specialising
in chemical warfare agents.
Chemical warfare agents were used during World War I and
in the Iran–Iraq War. Famous peacetime cases of poisoning by
toxic agents include the murder of the Bulgarian ex-agent
Markov with ricin in London in 1978; contaminating the overthe-counter product Extra-Strength Tylenol with cyanide,
causing seven victims in Chicago in 1982; terrorist attacks with
sarin, causing casualties in Japan first in Matsumoto in 1994
and then in the Tokyo Metro in 1995; poisoning of the presidential candidate Yushechenko with dioxin (TCDD) in Ukraine
in 2004; and the murder of the KGB ex-agent Litvinenko
with polonium in London in 2006. Luckily all attempts at
poisoning do not succeed. A frustrated non-commissioned
officer tried to poison the whole personnel of a Finnish garri
son in 1985 with more than 3 kg of mercury, and about 2000
persons were exposed. Fortunately, he used elemental mercury,
which was easily detected in the water; also, oral exposure to
elemental mercury is of low toxicity. Nevertheless, this attempt
revealed the vulnerability of drinking water supply systems to
sabotage.

Useful websites
European Laboratory Guidelines for Legally Defensible Workplace
Drug Testing, http://www.ewdts.org/data/uploads/documents/
ewdtsguidelines.pdf.
Quest Diagnostics Drug Testing Index, http://www.questdiagnostics
.com/home/physicians/health-trends/drug-testing.html.
Society of Forensic Toxicologists (SOFT)/American Academy of
Forensic Sciences (AAFS) Forensic Laboratory Guidelines 2006,
http://www.soft-tox.org/files/Guidelines_2006_Final.pdf.
Substance Abuse and Mental Health Services Administration, Mandatory Guidelines for Federal Workplace Drug Testing Programs,
http://workplace.samhsa.gov/.
University of Glasgow, http://www.gla.ac.uk/postgraduate/taught/
forensictoxicology/.
(All last accessed 20 March 2013.)
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Epidemiology and Adverse
Drug Reactions

Olaf H. Drummer, Dimitri Gerostamoulos and
Jennifer L. Pilgrim

46.1 Introduction
A basic tenet of the toxicology of poisons was first espoused by
Paracelsus (Debus 1993), in that all substances are capable of
being harmful to life at the right dose. In practice this tenet is
much more complex since the toxic dose and overall exposure
depends on a large range of factors. These include route of
administration, bioavailability, metabolism, excretion processes, cumulative effects of repeated doses and above all the
relative toxicity of the substance and its metabolites.
Ethical drugs are those that have passed through (and been
approved by) one or more regulatory processes set up by governments to establish safety and efficacy of substances designed
for therapeutic use. This is a rigorous process that is not only
designed to ensure that the substance works (i.e. it is efficacious) but also to optimise doses and minimise adverse reactions that may be associated with the substance, using clinical
studies. Other than for treatment of cancers (e.g. antineoplastics) that require the use of potentially harmful substances,
regulated drugs are usually quite safe when used as prescribed
by the medical practitioner. However, occasionally, these substances can cause an adverse drug reaction (ADR).
In forensics, a common situation causing an ADR or more
general toxic reaction is the use of illicit drugs. Moreover, abuse
of licit drugs is often associated with adverse events. In many
of the cases reported to the medicolegal authorities death has
occurred from use of these substances. These events are perhaps
better described as poisonings (or intoxications) due either to
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the use of excessive doses (of licit drugs) or the use of substances that are not safe at any pharmacologically relevant dose.
In any event it is vital that these cases are classified in the best
possible way and any interpretation of the role of one or more
pharmacologically active substance is based on evidence.

46.2 Adverse drug reactions and
side effects
An ADR is defined as a harmful effect of the drug when the
drug is used in prescribed doses. In the worst situation an ADR
can cause death, although in practice this is not common for
ethical drugs (Aronson 2002). Side effects are usually unwanted
but more often are associated with the pharmacological actions
of the drugs and may result from an incorrect dose.
When an ADR occurs, or is thought to occur, it is important
to investigate and, wherever possible, understand the mechanism for this harmful outcome. If it is an idiosyncratic or
uncommon reaction to the substance then it is even more
important to minimise exposure to other subjects that might
be at risk. In some situations it may be caused by coexisting
disease in the subject, aggravating the actions of the substance
(co-morbidity), from inherited genetic factors affecting
response or clearance, or to interaction with other drugs causing
altered clearance or protein binding.
The mere association of a drug treatment with an ADR does
not necessarily mean that the substance caused the harmful
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outcome. It may have been caused by something else (e.g. environmental factors, another drug) or to have occurred spontaneously. Pharmaco-vigilance includes a study of ADRs and forms
the basis of continuing monitoring of the safety and efficacy of
medications.
This is distinct from situations often faced by forensic toxicologists in that persons inadvertently misuse or deliberately
misuse ethical drugs (abuse), or most commonly use combinations of substances that lead to harmful outcomes. While these
situations are of less concern to regulatory authorities it is still
important for the medicolegal authorities in each jurisdiction
to understand the impact of the effects of these substances. This
impact may relate to establishing the contribution, if any, to the
cause of death of one or several substances found in the body,
or it may relate to understanding behavioural changes caused
by these substances. In the latter situation, substances (drugs)
may have affected the ability to drive safely and therefore contributed to the crash, or they may have affected the ability to
make an informed decision to have sexual intercourse. Examples include the use of alcohol at a relatively low dose in combination with another psychotropic drug capable of causing
impairment, such as cannabis, benzodiazepines and opiates.
Persons under the influence of drugs, including combinations
of substances (such as alcohol, benzodiazepines, cannabis,
amphetamines and many others), are not usually considered to
be capable of giving informed consent to sexual intercourse.
Both of these examples are common in the forensic domain and
require them to be detected by the forensic investigator and for
the expert to have an understanding of how these substances
affect human health.

46.3 Inherent toxicity of
a substance
In situations involving newer substances there is often little or
no information on the potential toxicity of the substance when
abused or used in combination with other ‘recreational’ substances. Case reports involving particular substances provide
information about the physiological effects of their abuse and
concentrations in key tissues associated with these exposures.
Often these cases involve poisonings, hence the concentrations
are high and will not represent more common situations when
lesser amounts are used. Importantly, they are often individual
cases that will not necessarily represent the range of adverse
outcomes from similar exposures or exposures involving multiple factors such as the use of other drugs or the presence of
natural disease that may contribute to an adverse outcome.
Consequently, when a substance is detected in a case, it is
not always clear whether it had any significance in the case. This
could relate to its potential involvement in death or by affecting
behaviour and triggering a series of events leading to the forensic interest, such as a motor vehicle collision or a work-related
death.
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The review of a larger series of cases with similarities (e.g.
same drug involved in similar type of deaths) can help to
establish if a particular drug or combination of drugs in the
concentrations detected are significantly associated with an
adverse outcome. This is one form of an observational epidemiological study and requires researchers to exclude other relevant factors in the association, such as age or presence of
natural disease. In conducting an observational study it is
important that any conclusions are consistent with the known
properties of the drug, or can be explained. For example, the
drug(s) in which an association has been determined may have
the potential to cause a toxic response or affect impaired behaviour. However, it does not always follow that a substance with
the potential to cause a toxic response will necessarily always
have done so.

46.4 Epidemiology
In the context of forensic medicine, epidemiology can be
defined as the study of the distribution of a condition across
the population studied (i.e. forensic cases) and to understand
the factors that lead to this spread of conditions. Conditions
could be injuries, natural disease or the presence of a toxico
logical substance in a blood sample. Epidemiological studies
provide information on the most likely cause(s) of a condition,
particularly when there are several factors associated with the
condition, for example death possibly caused by a number of
factors such as drugs found in a person with significant natural
disease (Koehler and Brown 2010). In the case of drug treatment and the identification of a possible ADR it can also help
to determine preventative outcomes by improving dose regimens or avoiding certain drug combinations.
Reviewing exposures and adverse outcomes across a larger
number of cases provides a much better opportunity to understand the incidence of any particular adverse outcome in a
whole range of situations. This review of multiple cases provides an epidemiological approach to forensic medicine. There
are many good examples found in the literature.

46.5 Evidence basis for toxicity
46.5.1 Alcohol and drug combinations
The review of a larger number of related cases will usually
provide evidence of the influence of two or more drugs. A
review of 332 fatal poisonings involving amitriptyline, propoxyphene and promazine showed that the median blood concentrations were substantially lower in alcohol-related cases
than in drug-only poisonings (Koski et al. 2005). Similar conclusions for several drugs were found in a another series of 1006
cases (Koski et al. 2003). The adverse effect of alcohol on drugs
acting on the central nervous system (CNS) is also seen for
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Table 46.1 Selected publications showing the influence of ethanol on fatal concentrations of drugs.
Reference

Number of cases
(country)

Koski et al. 2005

Types of cases

Main outcomes

332 (Finland)

Fatal poisonings of
amitriptyline and
propoxyphene with and
without alcohol

Median concentrations were lower in alcohol-related
cases than in drug-only poisonings

Koski et al. 2003

1006 (Finland)

Fatal poisonings involving
alcohol with or without
other drugs

The median postmortem BAC was significantly lower
when promazine, doxepin, amitriptyline, propoxyphene,
temazepam or zopiclone were detected but not with
citalopram and diltiazem

Koski et al. 2002

808 (Finland)

Fatal poisonings involving
alcohol with or without
other drugs

The median fatal concentration of ethanol was lower
when temazepam was present in the blood but not
diazepam

Holmgren &
Jones 2003

234 (Sweden)

Fatal poisonings involving
alcohol with or without
diazepam

The mean (median) femoral BAC was not lower when in
combination with diazepam, although concentrations of
alcohol were high

Ruttenber et al.
1990

505 (USA)

Fatal heroin overdoses at
BACs of less than and
greater than 1000 mg/L

Significant negative correlations were found between
concentrations of ethanol and morphine (heroin
metabolite) showing alcohol increases toxicity of heroin

Darke et al. 1997

39 deaths and 100 live
users (Australia)

Fatal heroin overdoses
and heroin users

Significant negative correlation in fatal cases between
blood morphine and BAC

Levine et al.
1995

119 (USA)

Fatal heroin deaths

Concomitant use of alcohol with heroin increases heroin
toxicity

Polettini et al.
2005

39 (Italy)

Fatal heroin deaths with
and without cocaine

Cocaine increases toxicity associated with heroin use

Knudsen et al.
2010

23 (Sweden)

GHB deaths

Polydrug use including alcohol is common; opiates and
alcohol increase toxicity

Kaye et al. 2009

82 (Australia)

MDMA deaths

Showed polypharmacy with many deaths and substantial
co-morbidity with cardiovascular disease

Pilgrim et al.
2009

139 (Australia)

Methamphetamine deaths

Showed death was much more likely to occur when
associated with cardiovascular disease or a brain
haemorrhage; little correlation with blood
concentrations

BAC, blood alcohol concentration; GHB, γ-hydroxybutyrate (including precursors from this drug); MDMA, 3,4-methylenedioxy-methylamphetamine.

other substances. Alcohol is well known to increase toxicity to
heroin and to reduce the dose needed to cause harm (Ruttenber
et al. 1990; Levine et al. 1995; Darke et al. 1997). Gammahydroxybutyrate (GHB) is frequently associated with other
CNS active drugs such as alcohol and opiates. Data suggest that
these drugs increase the toxicity of GHB and reduce fatal concentrations (Knudsen et al. 2010). Table 46.1 presents a selected
list of publications in which fatal concentrations are compared
in the absence and presence of alcohol.

46.5.2 Drug–drug combinations
Antidepressants have been used in the community for many
years and have been one of the most common drugs found in
forensic cases, including suspected poisonings. Their frequent

presence is partly because they are one of the more common
therapeutic classes prescribed to people and because they are
relatively toxic if misused. Combinations of drugs are clearly
much more diverse than simply comparing cases with and
without alcohol. It is only possible to do such analyses with
sufficient number of cases, although there are some key examples where trends have been found in relatively small series.
Epidemiology studies on deaths associated with 3,4methylenedioxy-methylamphetamine (MDMA, ecstasy) has
also been shown to be associated not only with the use of other
CNS active drugs but also with natural disease, particularly
cardiovascular disease (Kaye et al. 2009). This is a similar
finding to that seen with methamphetamine when a large
number of cases were reviewed (Pilgrim et al. 2009). Importantly these studies showed that the blood concentration of
methamphetamine (and indeed other amphetamines) has little
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correlation with outcome, presumably since toxicity is related
more to long-term damage to the heart than the most recent
dose or concentration of drug when the cardiovascular collapse
occurred. Indeed it is likely that long-term use of stimulants
over many years actually causes the heart disease.
Furthermore, another CNS active drug, cocaine, has also
been shown to lower the apparent fatal blood concentrations
of morphine species in heroin users (Polettini et al. 2005).
One of the more common ADRs is that associated with the
use of serotonin-active drugs, particularly the use of antidepressants that interfere with the serotonin system such as selective serotonin reuptake inhibitors (SSRIs) and mixed reuptake
inhibitors (serotonin–norephinephrine reuptake inhibitors
(SNRIs)). This ADR has been called ‘serotonin syndrome’ but
is more properly called serotonin toxicity and is associated with
a wide range of cognitive, autonomic and neuromuscular
effects (Isbister et al. 2007). This ADR can occur in people using
prescribed doses of two or more drugs capable of interfering
with the serotonin system as well as those misusing one serotonin active drug (Pilgrim et al. 2010, 2011a, 2011b).
The most common combinations of drugs associated with
serotonin toxicity are the SSRIs (and SNTIs), moclobemide (a
monoamine oxidase inhibitor used as an antidepressant), tramadol (an atypical opioid) and MDMA. Although fatal serotonin toxicity is relatively uncommon compared with the
frequency of serotonin drug use, research indicates that this
form of toxicity is likely to be under-reported predominately
because of its broad range of associated symptoms making
diagnosis difficult. Numerous publications report individual
case studies of serotonin toxicity where most people make a full
and uneventful recovery; those involving a series of cases are
less common (Table 46.2). These adverse reactions can be prevented by not co-prescribing multiple serotonin active drugs
together or in the case of ecstasy users not mixing their prescribed medication with MDMA.
A review of a large series of deaths to examine the prevalence
of important ADRs showed that in cases involving a pharmacodynamic mechanism, drugs causing serotonin toxicity or a
β-blocker with verapamil or diltiazem were the most common.
In cases involving a pharmacokinetic mechanism, half of the
cases involved digoxin in combination with verapamil (Launiainen et al. 2009).
In general practice the most common ADRs appear to be
those associated with cardiovascular drugs, particularly digoxin,
which was the most frequently involved drug (Magro et al.
2008). Cholinesterase inhibitors, such as donepezil, galantamine or rivastigmine, and cardiovascular drugs were most
frequently involved in drug–drug adverse reactions in France
(Tavassoli et al. 2007). In the ageing population multiple drug
use is common (often several drugs are given daily) and, as a
consequence, the risk of an ADR is higher. The three most
prevalent drugs in a study of nursing home residents were
short-acting benzodiazepines in greater than recommended
doses, hydroxyzine and nitrofurantoin. The most common
potential drug–drug interactions included the use of potassium-

Table 46.2 Selected publications showing the influence of drug
combinations associated with serotonin toxicity.

Reference

Number of
cases
(country)

Types of
cases

Main outcomes

Pilgrim
et al.
2010

1123
(Australia)

Fatal
poisonings
involving
SSRIs,
venlafaxine,
tramadol
and MDMA

Seven cases of
ST reported of
which four
involved
MDMA with
moclobemide.
ST likely to be
more prevalent
than actually
reported

Ringland
et al.
2008

273 228
(Australia)

Australian
veterans
prescribed
serotonergic
drugs

Co-prescription
of drugs likely
to lead to
serious ST was
commonly
identified,
especially with
moclobemide
with a SSRI or
tramadol

Tashakori &
Afshari,
2010

158 (Iran)

Hospital
admissions
involving
suspected
tramadol
toxicity

Eight cases of
ST and one
death.
Tramadolassociated
seizure risk
attributed
more to other
factors

MDMA, 3,4-methylenedioxy-methylamphetamine; SSRI, serotonin reuptake
inhibitor; ST, serotonin toxicity.

sparing diuretics, carbamazepine and codeine (Hosia-Randell
et al. 2008).

46.6 Conclusions
In summary, forensic toxicologists engaged in testing biological
specimens for substances and forensic practitioners charged
with the interpretation of toxicological and medical data need
to be cognisant of the potential for an adverse reaction to drugs,
even though the individual concentrations may not appear
capable of causing a poisoning.

Useful website
World Health Organization, http://www.who.int/medicines/areas/
quality_safety/safety_efficacy/advdrugreactions/en/index.html (last
accessed 20 March 2013).
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Suspicion of Poisoning

Robert J. Flanagan, Graham R. Jones, Hans H. Maurer
and Markus R. Meyer

47.1 Diagnosis of acute poisoning
Robert J. Flanagan
If poisoning is suspected (Box 47.1) the clinician should ask a
number of questions that may aid diagnosis. In the case of an
unconscious (comatose) patient, the circumstances in which
the patient was found and whether any tablet bottles or other
containers were present at the scene (‘scene residues’) can be
important. Information from paramedics, police or friends/
relatives may also be helpful. If the patient is awake, he or she
should be questioned about the incident and also about the
presence of poisons in the home or workplace. The patient’s
past medical history (including drugs prescribed, mental health
and substance abuse) or recent travel history may also be relevant since they may indicate possible access to specific poisons.
If poisoning with an unusual or newly encountered drug is
suspected (recent years have seen a plethora of newly synthesised ‘designer’ drugs enter the market, for example), contact
with the appropriate local or national poisons information
centre is often helpful. An abdominal X-ray may reveal body
packing, lead paint or button batteries in young children (pica),
or ingestion of radio-opaque poisons such as halogenated
hydrocarbons.
Physical examination of the patient may indicate the poison
or class of poison involved (Table 47.1). The clinical features
associated with some common poisons have been described as
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Box 47.1 Indications of possible poisoning (with examples in
italic).
•
•
•
•
•
•
•
•
•

‘Chemical’ smell on breath (alcohol, organic solvents)
Nausea/vomiting/abdominal tenderness of unknown cause
(carbon monoxide, paracetamol)
Lips/mouth burnt (corrosive chemical, e.g. bleach)
Skin blisters (barbiturates, carbon monoxide, tricyclic
antidepressants)
Venepuncture marks (illicit drugs)
Coma/convulsions
Persistent drowsiness/lethargy/headache (carbon monoxide)
Unexplained/unusual sign/symptom (children, ethnic minorities, unusual hobby/pastime, obsessive behaviour)
Unusual/severe reaction to change (drug therapy, diet, work
practice, use of herbal/ethnic/‘natural’ remedy, etc.)

toxidromes (Krenzelok and Leikin 1996; Bosse and Matyunas
1999). Thus, the combination of pin-point pupils, hypersalivation, incontinence and respiratory depression suggests poisoning with a cholinesterase inhibitor such as an organophosphorus
pesticide. However, the value of this approach is limited if a
number of poisons with different actions have been ingested
(many self-poisoned patients have taken a number of drugs
together with ethanol). Moreover, many compounds have
similar effects on the body, while some clinical features may be
the result of secondary effects such as anoxia. Thus, if a patient
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Table 47.1 Acute poisoning: clinical features associated with specific poisons.
Clinical feature

Poison(s)

Clinical feature

Poison(s)

Central nervous system

Body temperature

Ataxia

Bromides, carbamazepine, ethanol,
hypnotics/sedatives, phenytoin,
thallium salts

Hyperthermia

Coma

Alcohols, hypnotics/sedatives, opioids,
tranquillisers, many other compounds
including high dose paracetamol
(acetaminophen)

Aspirin, dinitrophenol pesticides,
hydroxybenzonitrile herbicides, MDMA,
pentachlorophenol, procainamide,
quinidine

Hypothermia

Carbon monoxide, ethanol, hypnotics/
sedatives, opioids, phenothiazines,
tricyclic antidepressants, many other
compounds

Convulsions

Amitriptyline and other tricyclic
antidepressants, clozapine,
orphenadrine, strychnine, theophylline

Skin, hair and nails
Acne

Bromides, dioxin, organochlorine
pesticides

Aspirin, ethylene glycol,
hydroxybenzonitrile herbicides,
isoniazid, methanol, pentachlorophenol

Hair loss

Thallium salts, radiation

Pulmonary oedema

Aspirin, chlorophenoxy herbicides,
irritant gases, opioids, organic
solvents, paraquat

Incontinence

Carbamate pesticides,
organophosphorus insecticides

Renal damage

Respiratory
depression

Alcohols, hypnotics/sedatives, opioids,
tranquillisers, tricyclic
antidepressants, many other
compounds

Amanita toxins, cadmium, carbon
tetrachloride, chromium, ethylene
glycol, mercury salts, paracetamol

Urinary retention

Atropine, opioids, tricyclic
antidepressants

Respiratory tract
Hyperpnoea

Respiratory
distress

Cadmium fumes
Gastrointestinal tract

Heart and circulation
Arrhythmias

Bradycardia

Urogenital tract

β-Blockers, chloroquine, cyanide,
digoxin, phenothiazines, quinidine,
theophylline, tricyclic antidepressants
Cholinergic drugs, β-blockers, digoxin,
opioids

Hypertension

Anticholinergics, sympathomimetics

Hypotension

Arsenic salts, cadmium fumes, ethanol,
hypnotics/sedatives, opioids,
tranquillisers, many other compounds

Tachycardia

Anticholinergics, sympathomimetics

Abdominal pain,
vomiting

Arsenic salts, carbon monoxide,
paracetamol

Constipation

Clozapine, lead, opioids, thallium salts

Diarrhoea

Arsenic salts, cholinesterase inhibitors,
laxatives

Dry mouth

Atropine, opioids, phenothiazines,
tricyclic antidepressants

Gastrointestinal
bleeding

Aspirin, caustic/corrosive compounds
(strong acids/bases), coumarin
anticoagulants, indometacin

Hepatic damage

Amanita toxins, amphetamines including
MDMA, arsine, carbon tetrachloride,
chloroform, halothane, paracetamol,
white phosphorus

Hypersalivation

Cholinesterase inhibitors, strychnine

Eyes
Miosis

Carbamate pesticides, opioids,
organophosphorus insecticides,
phencyclidine, phenothiazines

Mydriasis

Amphetamine, atropine, cocaine,
tricyclic antidepressants

Nystagmus

Carbamazepine, ethanol, phenytoin

Visual impairment/
blindness

Chloroquine, methanol, quinine

MDMA, 3,4-methylenedioxy-N-methylamphetamine.
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is admitted with depressed respiration and pin-point pupils this
strongly suggests poisoning with an opioid such as heroin/
morphine and cautious administration of the opioid antagonist
naloxone may confirm the diagnosis. However, if the pupils are
dilated then other hypnotic drugs may be present, or cerebral
damage due to hypoxia may have occurred secondary to respiratory depression.
Diagnoses other than poisoning must also be considered.
Thus, coma may be caused by, for example, a cerebrovascular
accident or uncontrolled diabetes as well as poisoning. The
availability of the results of urgent biochemical and haematological tests is obviously important in these circumstances, and
some such tests my help indicate or confirm a diagnosis of
poisoning (Table 47.2). Profound acidosis (low blood pH) may
indicate severe poisoning with ethylene glycol, methanol or
high dose paracetamol. Finally, poisoning with certain compounds is commonly misdiagnosed, especially if the patient
presents in the later stages of the episode. Examples include:
hepatitis (paracetamol), diabetes (hypoglycaemics, including
ethanol in young children), paraesthesia (thallium), progressive

pneumonitis (paraquat), renal failure (ethylene glycol) and
visual impairment (methanol). Chronic carbon monoxide poisoning is almost invariably missed unless there is an incident
that draws attention to the problem since the symptoms (headache, lethargy, loss of consciousness, etc.) are non-specific.

47.1.1 Treatment of poisoning
When poisoning is suspected, essential therapeutic measures
are often taken before the diagnosis is confirmed. Thus, if the
poison has been inhaled, the patient should first be removed
from the contaminated environment. If skin contamination has
occurred, contaminated clothing should be removed and the
skin washed with an appropriate fluid, usually water. Gastric
aspiration and lavage (stomach wash out), performed with the
aim of minimising continued absorption of ingested poisons,
are now rarely used in adult patients and are contraindicated
in children aged under 14 years because of the risk of complications from the procedure. Similarly, induction of emesis by
the oral administration of syrup of ipecacuanha (‘ipecac’) is

Table 47.2 Some investigations that are valuable in managing poisoned patients.a
Investigation

Fluid

Increased

Decreased

Anion gap (Na+ + K+)
– (HCO3− + Cl−)

Plasma

Ethylene glycol, iron salts, isoniazid,
methanol, metformin, paraldehyde,
salicylates, toluene (chronic)

–

Calcium

Plasma or serum

–

Ethylene glycol, fluorides,
magnesium salts

Chloride

Plasma

Bromide or organobromines (actually
interference in method)

–

Glucose

Blood or
fluoride/
oxalate plasma

Salicylates, theophylline

Ethanol (especially children),
insulin, salicylates,
sulfonylureas, valproate

International
normalised ratio (INR,
prothrombin time)

Blood

Anticoagulant rodenticides (warfarin,
bromdifacoum), paracetamol (early marker
of hepatic damage)

–

Lactate

Plasma

Ethylene glycol (artefact on some blood gas
analysers)

–

Magnesium

Plasma or serum

Magnesium salts

–

Osmolar gapb

Plasma

Acetone, ethanol, ethylene glycol, methanol,
2-propanol, hypertonic i.v. solutions (e.g.
mannitol)

–

Potassium

Plasma

Digoxin, potassium salts

Diuretics, laxatives (both chronic),
insulin, salbutamol,
sulfonylureas, theophylline

Sodium

Plasma or serum

MDMA (malignant hyperthermia), sodium
salts

Diuretics, water intoxication (acute
and chronic), MDMA (very rare)

MDMA, 3,4-methylenedioxy-N-methylamphetamine.
a
In addition arterial blood gases and full blood count, plasma albumin, creatinine and urea, and creatine kinase (CK) activity and liver function tests
(especially aspartate aminotransferase activity) should also be available on an urgent basis.
b
Measured osmolality (freezing point depression) minus calculated osmolality, e.g. Calculated osmolality = 2(Na+ + K+) + urea + glucose (all mmol/L).

848

PART VII   TOXICOLOGY

Table 47.3 Some emergency toxicological analyses that may influence the treatment of poisoning.
Analyte

Fluid

Clinical value

Carboxyhaemoglobin (index of
exposure to carbon monoxide,
dichloromethane, etc.)

Anticoagulated
whole blood

Establish the diagnosis and assess prognosis

Digoxin

Plasma or serum

Establish the diagnosis; decide on treatment with antidigoxin Fab
antibody fragments

Ethanol (alcohol)

Plasma/serum or
whole blood

Establish the diagnosis; decide whether to institute haemodialysis;
assist in differential diagnosis of head injury; ensure adequate
dosage when treating ethylene glycol or methanol poisoning

Iron

Plasma or serum

Establish the diagnosis; decide whether to treat with
desferrioxamine

Lithium

Plasma or serum

Establish the diagnosis; decide whether to institute haemodialysis

Methaemoglobin (exposure to
oxidising agents, e.g. chlorates,
nitrates)

Anticoagulated
whole blood

Assess magnitude of exposure; decide on treatment with
methylene blue

Paracetamol (acetaminophen)

Plasma or serum

Establish the diagnosis; decide on treatment with
N-acetylcysteine (or methionine)

Paraquat

Urine (qualitative
only)

Assess magnitude of exposure to ascertain if patient may be at
risk from sequelae

Salicylates (e.g. aspirin,
methylsalicylate)

Plasma or serum

Establish the diagnosis; decide whether to institute alkalinisation
or haemodialysis

Theophylline

Plasma or serum

Establish the diagnosis; decide whether to give multiple dose
activated charcoal

contraindicated, principally because of the risk of aspiration of
stomach contents.
Administration of oral activated charcoal 4–6 hourly until
such time as recovery is apparent can be beneficial in treating
poisoning with some orally ingested organic poisons such as
barbiturates, carbamazepine, quinine, salicylates (e.g. aspirin)
and theophylline. To reduce transit time and thus the risk of
reabsorption of the poison, the charcoal is sometimes given
together with a laxative. This procedure is non-invasive, but is
less effective if the patient has a paralytic ileus due to the ingestion of, for example, phenobarbital. Care must also be taken to
avoid pulmonary aspiration in patients without a gag reflex or
in those with a depressed level of consciousness. Oral charcoal
should not be given when oral administration of antidotes, such
as N-acetylcysteine following paracetamol overdosage, or other
drugs is contemplated. Charcoal is ineffective if inorganic
poisons such as iron salts have been ingested.
Acute poisoning is a common reason for presentation to
hospital and most poisoned patients make a full recovery
without specific treatment, i.e. with nothing more than general
supportive care. Many are treated with no laboratory help other
than general clinical chemistry and haematology (Table 47.2).
This is true particularly for those cases were there is no doubt
about the poison involved and when the results of a quantitative analysis would not contribute to therapy. However, with

some common poisons analytical toxicology data can be important in establishing a diagnosis of poisoning and guiding treatment. Examples include iron, lithium and paracetamol (Table
47.3). There are many more complex, less frequently needed
clinical toxicological assays that can often be offered on a less
urgent basis (Table 47.4), but can nevertheless sometimes be
helpful in guiding treatment.
Specific therapeutic procedures such as antidotal (Table
47.5) and active elimination therapy (Table 47.6) are sometimes
indicated. In rare cases surgical intervention may be needed if
poison is leaking from ingested items or there is intractable
constipation. Examples included button batteries in very young
children, packages containing illicit drugs in ‘body packers’
(drug mules) and chronic severe poisoning with clozapine. In
general, specific therapy is only started when the nature and/or
the amount of the poison(s) involved are known and the severity of poisoning warrants intervention. Lack of response to a
particular antidote must not be used to indicate the absence of
particular poison(s). For example, naloxone will rapidly and
completely reverse coma due to opioids such as morphine and
codeine without risk to the patient, except that an acute withdrawal response may be precipitated in dependent subjects.
However, a lack of response does not always mean that no
opioids are present since another, non-opioid, drug may be the
cause of the coma, too little naloxone may have been given, or

Table 47.4 Some less urgent toxicological analyses that may influence treatment of poisoning.a
Analyte

Fluid

Clinical value

Arsenic

Whole blood, urine

Establish the diagnosis; decide on use of chelation
therapy and monitor efficacy

Carbamazepine and
carbamazepine-10,11-epoxide

Plasma or serum

Establish the diagnosis; decide when to reinstitute
chronic therapy

Cholinesterase (index of exposure to
organophosphorus and carbamate
insecticides, and nerve agents)

Plasma (pseudocholinesterase)
Red cell (acetylcholinesterase)

Establish magnitude of exposure; decide on and monitor
antidotal treatment

Ethylene glycol

Plasma or serum

Confirm the diagnosis; decide on the use of
haemodialysis and monitor efficacy

Lead

Whole blood, urine

Establish the diagnosis; decide on use of chelation
therapy and monitor efficacy

Mercury

Whole blood, urine

Establish the diagnosis; decide on use of chelation
therapy and monitor efficacy

Methanol

Plasma or serum

Confirm the diagnosis; decide on the use of
haemodialysis and monitor efficacy

Methotrexate

Plasma or serum

Monitor treatment with folinic acid

Paraquat

Plasma (quantitative)

Guide treatment if exposure borderline; assess prognosis

Phenytoin

Plasma or serum

Establish the diagnosis; decide when to reinstitute
chronic therapy

Thyroxine

Plasma

Investigation of delayed-onset hypothyriodism

a
Specialised toxicology tests might also include bromide, cyanide, toxic gases/volatile solvents (e.g. butane, toluene), organochlorine and organophosphorus
pesticides, drugs of abuse testing and a toxicology ‘screen’. Specialised therapeutics assays might include amiodarone and noramiodarone, aripiprazole and
dehydroaripiprazole, atenolol, caffeine, chloramphenicol, chloroquine, ciclosporin, clozapine and norclozapine, diazepam, ethosuximide, flecainide, imatinib
and norimatinib, lamotrigine, lidocaine, methotrexate, midazolam, olanzapine, phenobarbital, primidone, procainamide, propranolol, quetiapine and plasma
metabolites, quinidine, quinine, risperidone and total 9-hydroxyrisperidone, sirolimus, tacrolimus, thiopentone, topiramate, valproate, verapamil and
norverapamil, and vigabatrin.

Table 47.5 Some commonly used antidotes.
Antidote

Poison/group of poisons

Antidote

Poison/group of poisons

Acetylcysteine

Paracetamol

Methylene blue

Antidigoxin Fab
antibody fragments

Cardiac glycosides

Oxidising agents (chlorates,
nitrites, etc.)

Naloxone

Atropine

Carbamate pesticides,
organophosphorus pesticides and
nerve agents

Opioids (codeine, pethidine,
morphine, etc.)

Obidoxime (or
pralidoxime)

Organophosphorus pesticides
(contraindicated with carbamate
pesticides)

Oxygen

Carbon monoxide, cyanide,
hydrogen sulphide

Physostigmine

Atropine

Phytomenadione
(vitamin K1)

Coumarin anticoagulants (warfarin),
indandione anticoagulants

Potassium

Theophylline, barium

Desferrioxamine
(deferoxamine)

Aluminium, iron

Dicobalt edetate

Cyanide

DMSA/DMPS

Arsenic, lead, mercury

EDTA

Lead, cadmium (acute), copper,
zinc

Ethanol

Ethylene glycol, methanol

Flumazenil

Benzodiazepines,a zolpidem,
zopiclone

Protamine

Heparin
b

Prussian blue

Thallium

Fomepizole

Ethylene glycol, methanol

Pyridoxine (vitamin B6)

Isoniazid

Hydroxocobalamin

Cyanide

Sodium nitrite

Cyanide

Methionine

Paracetamol

DMPS, dimercaptopropanesulfonate; DMSA, dimercaptosuccinic acid; EDTA, ethylenediamine tetra-acetic acid.
a
Contraindicated in acute benzodiazepine poisoning because of the risk of precipitating convulsions if a proconvulsive agent is also present.
b
Potassium ferrihexacyanoferrate.
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Table 47.6 Active elimination techniques.
Method

Aim/cautions

Sometimes used in severe poisoning with:

Alkalinisation

Enhance excretion of acidic poison by giving
sodium bicarbonate. Avoid giving too much
fluid to minimise risk of cerebral or pulmonary
oedema and electrolyte disturbances

Salicylates, chlorophenoxy herbicides (criteria for use
depend on circumstances, but generally used only if
the plasma concentration of the poison is 0.5 g/L or
more). Not used in children

Exchange
transfusion

Incremental removal of patient’s blood and
replacement with fresh donor blood or plasma

Generally only used in treating severe acute poisoning
in children if other measures seem to be failing

Haemodialysis

Remove water-soluble poisons/metabolites with
relatively small volumes of distribution by
dialysis of blood against isotonic fluid

Ethanol, ethylene glycol, lithium, methanol, salicylates
(criteria for use depend on circumstances, but
generally used only if the plasma concentration of
the poison is 0.5 g/L or more (ethanol 4 g/L or more,
lithium 4 mmol/L or more). Not used in children

Haemofiltration

Same principle as haemodialysis, but removes
solutes by convection rather than diffusion

As for haemodialysis

Haemoperfusion

Adsorb poison by extracorporeal passage of
blood through adsorbent material

Not recommended to treat poisoning nowadays

Peritoneal dialysis

Use if haemodialysis/haemofiltration is not
available

As for haemodialysis

Plasmapheresis

Plasma removed from blood cells by a separator
(high speed centrifugation or membrane
filtration). Cells are returned to patient, plasma
is discarded and replaced with other fluids

Generally only used in treating severe acute poisoning
if other measures seem to be failing

Whole bowel
irrigation

Administration of purgatives, isotonic fluid, and
fuller’s earth if available

Paraquat, where removal of a small amount of poison
may tip the balance between death and survival (?)

hypoxic brain damage may have followed a cardiorespiratory or
respiratory arrest or a prolonged period of shallow breathing.

47.1.2 Clinician and laboratory liaison
It is important that clinicians and laboratories understand the
circumstances under which a toxicological analysis can help
guide diagnosis and treatment, and that clear lines of communication are established. In addition to helping in the management of acute poisoning, the availability of reliable analytical
facilities can help in other areas such as assessing illicit drug use
and the diagnosis and treatment of chronic poisoning with
environmental toxins such as carbon monoxide and lead, as
well as in the management of incidents related to the accidental
or deliberate release of chemicals into the environment (chemical incidents) and other aspects of chemical safety. An analysis
is often the only way of confirming a suspicion of a false history
of poisoning (Munchausen’s syndrome).

47.1.3 Samples and sampling
Ensuring as far as possible that sample collection, transport and
storage are performed with the analysis in mind is extremely
important since inattention to certain fundamental requirements may compromise all subsequent work.

General sample requirements
Most analytical toxicology procedures require the collection of
blood, urine, stomach contents (if available) and ‘scene residues’ (Table 47.7). Samples of other appropriate fluids and
tissues should also be collected as detailed below, especially
when investigating deaths, but may not be required for analysis
unless special investigations are required or decomposition is
advanced (Skopp 2004; Flanagan et al. 2005). However, such
samples should be retained (at 4°C or –20°C) in case they are
needed. The advantages/disadvantages of various specimens are
detailed in Table 47.8. Do not overfill tubes, especially glass
tubes, if they are to be stored at –20°C.
An example of a request form designed to accompany specimens submitted for toxicological investigation has been provided (Flanagan et al. 2005). Ideally, samples should be collected
before drugs are given in treatment, but if this is not possible
all drug treatment should be recorded on the request form.
Information recorded on the sample container at the time the
sample is collected should include the names (first and family
or last name), patient/subject/animal number, the date and
time of collection, collection site and the sample type (including a note of any preservative), and any other appropriate information. Do not use water-soluble ink. The date and time of
receipt of all specimens by the laboratory should be recorded
and a unique identifying number assigned in each case. The

Table 47.7 Sample requirements for general analytical toxicology.
Sample

Sample sizes and notesa

Whole blood

10 mL (lithium heparin or EDTA tube; use fluoride/oxalate if ethanol is suspected; plastic tube if
paraquat is suspected; glass or plastic tube with minimal headspace if carbon monoxide or
other volatiles are suspected)b,c

Plasma/serum

5 mL (send whole blood if volatiles, metals and some other compounds are suspected – see above)

d

Urine

20–50 mL (plain bottle, no preservativee)

Gastric contentsf

25–50 mL (plain bottle, no preservative)

Scene residuesg

As appropriate

Other samples

Vitreous humour (maximum available, collect separately without undue suction from each eye),
bile (2 mL) or liver (about 5 g) can substitute for urine in postmortem work. Other tissues (brain,
liver, kidney, lung, subcutaneous fat: 5 g) may also be valuable, especially if organic solvents or
other volatile poisons are suspected

a

Smaller volumes may often be acceptable, for example in the case of young children.
In postmortem work collect from femoral or other peripheral vein ensuring there is no contamination from central or cavity blood; collect one portion into
2% w/v sodium fluoride and another into a plain tube.
c
Do not use lithium heparin if lithium is suspected, do not use fluoride/oxalate if fluorides are suspected.
d
Normally the only sample that is required for drugs of abuse screening.
e
Sodium fluoride (2% w/v) should be added if ethanol is suspected and blood is not available.
f
Includes vomit, gastric lavage (stomach wash out, first sample), etc.
g
Tablet bottles, drink containers, aerosol canisters, etc. Pack entirely separately from biological samples, especially if poisoning with volatiles is a
possibility.
b

Table 47.8 Advantages and disadvantages of different sample types in analytical toxicology.
Specimen

Advantage

Disadvantage

Comment

Blood (plasma/serum or
whole blood)

Detect parent compound.
Interpretation of
quantitative data

Limited volume. Low concentrations
of basic drugs and some other
poisons

Interpretation of quantitative
results from postmortem
blood not straightforward

Urine

Often large volume. High
concentrations of many
poisons and metabolites

Not always available (e.g.
postmortem). Quantitative data not
often useful (except GHB, ethanol)

Standard sample for drugs of
abuse screening

Gastric aspirate (stomach
contents, stomach
wash out, vomit, etc.)

May contain large amounts
of poison, particularly if
ingested

If available, variable sample. No use if
inhalation or injection

Ensure no cross-contamination
of other specimens during
transport/storage

Saliva/oral fluids

Non-invasive. Qualitative
information on exposure
to many drugs

Variable sample hence little use for
quantitative work. Low
concentrations of many analytes

Different pattern of metabolites
to blood or urine for some
analytes; interpretation of
quantitative results difficult

Hair/nails or nail clippings

Often available even if
decomposition is
advanced

High sensitivity needed. Only gives
exposure data for the days/weeks/
months before death, and even
then may be impossible to interpret

Easy to store (room
temperature). Need to label
root end of hair

Exhaled air

Non-invasive. Large
volume available

Needs live patient. Analyte must be
volatile, or very high sensitivity
assay available

Mainly used to assess ethanol
ingestion and in carbon
monoxide poisoning

Scene residues (tablet
bottles, aerosol cans,
etc. found near patient)

May contain large amounts
of poison

May not have been the poison taken

Ensure no cross-contamination
of other specimens during
transport/storage

Vitreous humour

May be used instead of
urine if latter is not
available

Limited volume, but normally two
specimens that should be analysed
separately

Quantitative analysis may help
interpret postmortem blood
data (especially ethanol)

Additional tissues (liver,
brain, lung, kidney, etc.)

May contain large amounts
of poison. If available
then large quantity

Interference in analysis. Quantitative
data not always easy to interpret

Analysis may be valuable to
help interpret postmortem
blood data

GHB, γ-hydroxybutyrate.
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documentation that should be provided with samples is summarised in Box 47.2.
In general, biological specimens should be stored at 4°C
before transport to the laboratory. Exceptions to this include
hair and nails, which are stable at room temperature, and filter
paper-adsorbed dried blood, which is a convenient way of
storing and transporting blood samples for specified analyses
if refrigerated transport and storage is not feasible and the
analyte is stable if handled in this way. Quantitative analysis
requires a known volume of blood to be added to the paper.
Sample integrity is of prime concern if there are medicolegal
implications. Precautions to ensure sample integrity include:
(i) proper sample labelling; (ii) use of tamper-proof containers;
(iii) collection of samples such as hair, nails and femoral blood
before opening a body; and (iv) proper accompanying documentation (chain of custody documents). Samples collected
for clinical purposes (or even for the coroner) are often not
of ‘evidential’ quality, but such samples may be all that is
available, hence adherence to basic labelling and security procedures is important. DNA testing may be used to establish the
origin of samples where there has been concern over sample
integrity.

tamination from the sample tube going unrecognised. In the
case of exhumations, samples of the surrounding soil should
also be collected for analysis.
Anticoagulants and preservatives may be a source of
contamination. Potassium ethylene diaminetetra-acetic acid
(EDTA) is the anticoagulant of choice for the collection of
whole blood as samples do not become viscous after a few days,
unlike with heparinised blood. However, if blood is allowed to
clot and is then sent to the laboratory unseparated, it will not
be suitable for iron and zinc assay due to leakage of these analytes from erythrocytes.
As regards sample containers, possible sources of con
tamination include rubber (found in some stoppers) and the
O-rings inside certain tube closures. Some bottle lids contain a
liner, which may have a metal component. Vacuum blood collection systems represent another major source of potential
contamination. Those containing clot activator and gel cell
separation materials are likely to be unusable. There are sample
collection systems marketed specifically for trace element analysis, but it is wise to check batches of such tubes for contamination before use with clinical samples. Needles may also be
sources of contamination (e.g. with chromium), and it may be
necessary to collect blood through a plastic cannula after discarding the first few millilitres. The elements most susceptible
to contamination from an exogenous source are aluminium,
iron, manganese and zinc, but nothing can be assumed to be
unimportant.
Analyte concentrations are unlikely to alter on storage except
in the case of mercury, but to avoid deterioration of the biological matrix, samples may be kept at 4°C for short periods, and
stored at –20 to –80°C for longer term preservation. In dilute
solution, trace elements may be adsorbed onto the walls of a
container. To prevent this from happening in urine, which normally contains little organic material to bind trace elements, it
is advisable to acidify specimens as soon as possible after collection, for example by adding concentrated nitric acid to give
a final concentration of 1% v/v.
Analysis of tissues other than blood is best performed using
freshly collected material, although it is possible to examine
specimens fixed in formalin and even embedded in wax.
However, there are potential problems of both contamination
and loss associated with fixing and embedding, hence careful
monitoring for artefacts arising from preanalytical treatment of
the sample is essential.

Sample requirements: trace elements

Postmortem sample collection

By definition, trace elements are present at low concentrations
in biological samples and many of the analytes that need to be
measured occur naturally not only in such specimens, but also
in the environment. Given that the analytical methods used are
in the main inherently selective, the most important consideration in sample collection and storage is the risk of sample
contamination. As a general rule plastic containers are preferable to glass (Table 47.9). A ‘blank’ analysis guards against con-

In postmortem work the use of disposable hard plastic (polystyrene) SterilinTM tubes is recommended. If these are not available, then containers with secure closures appropriate to the
specimen volumes being collected should be used. Some laboratories provide specimen containers for collecting postmortem blood and urine specimens. It may be important to note if
urine was obtained using a catheter. When death has occurred
in hospital and poisoning is suspected, any residual antemor-

Box 47.2 Information that should accompany a request for
toxicological analysis.
•

•
•

•
•

•
•

Name, address and telephone number of clinician/pathologist
and/or coroner’s officer, and address to which the report (and
invoice) are to be sent. A postmortem (reference) number
may also be appropriate
Circumstances of incident (including copy of sudden death
report if available)
Past medical history, including current or recent prescription
medication, and details of whether the patient suffered from
any serious potentially infectious disease such as hepatitis,
tuberculosis or human immunodeficiency virus (HIV)
Information on the estimated time of ingestion/death, and the
nature and quantity of any substance(s) implicated
If the patient has been treated in hospital, a summary of the
relevant hospital notes should be supplied to include details
of emergency treatment and drugs given, including drugs
given incidentally during investigative procedures
Note of occupation/hobbies
A copy of any preliminary pathology report, if available
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Table 47.9 Sample requirements for measurements of metals/trace elements.
Element

Sample requirements

Comments

Aluminium

5 mL whole blood in plastic tube (no anticoagulant/
separating beadsa)
5 mL dialysate/domestic supply water in plastic bottle
rinsed several times with portions of the intended samplea

Use plastic and not glass tubes. Blood should not be
separated

Antimony

5 mL EDTA whole blood
20 mL urine

Urine preferred

Arsenic

5 mL EDTA whole blood
20 mL urine

To diagnose chronic poisoning exclude seafood (shell
fish, etc.) from diet for 5 days before sample
collection if total arsenic is to be measured

Bismuth

5 mL EDTA whole blood

Bromide

5 mL EDTA whole blood

Interpretation of the result depends on whether an
organobromine or inorganic bromide is the source
of exposure

Cadmium

2 mL EDTA whole blooda
10 mL urinea

Blood preferred

Chromium

2 mL EDTA whole blooda
20 mL urine (hard plastic bottle)a

Use of a plastic cannula to collect blood is advisable

Copper

2 mL EDTA or clotted whole blood, or 1 mL plasma/serum

If Wilson’s disease is suspected, also send 10 mL urine

Fluoride

3 mL EDTA or clotted whole blood, or 1.5 mL plasma/serum,
or 20 mL urine

Iron

2 mL serum (no haemolysis)

To monitor use of a chelating agent send 20 mL urine

Lead

2 mL EDTA whole blood

Blood should not be separated and should be free of
clots

Lithium

5 mL clotted blood or 2 mL serum

Do not use lithium heparin anticoagulant
a

Manganese

1 mL EDTA whole blood or 0.5 mL plasma

Use of a plastic cannula to collect blood is advisable

Mercury

5 mL EDTA whole blood
20 mL urine (hard plastic bottle)

Send samples promptly to avoid loss of mercury on
storage

Nickel

20 mL urine

Selenium

2 mL EDTA whole blood or 1 mL plasma/serum

Silver

2 mL EDTA whole blood or 1 mL plasma

Strontium

2 mL EDTA whole blood or 1 mL plasma

Thallium

5 mL EDTA whole blood
20 mL urine

Zinc

1 mL plasma/serum (no haemolysis)

Do not use EDTA anticoagulant

EDTA, ethylene diaminetetra-acetic acid.
a
Send unused sample container from the same batch as used for sample collection to check for contamination.

tem specimens should be obtained as a matter of urgency from
the accident and emergency department or pathology laboratory (not only chemical pathology and haematology, but also
immunology, transfusion medicine and virology departments
may be a source of such specimens) and submitted for toxicological analysis in addition to postmortem specimens. Similar
considerations apply if there may have been a drug administration error. Note that the availability of ante- or perimortem
specimens does not negate the need to collect postmortem
specimens.

As there is little information on drug distribution within
solid tissues in man, collection of approximately 5 g specimens
from several sites from organs such as the brain is recommended if the whole organ is available. For the liver, use the
right lobe. Sampling through tissues containing high concentrations of analyte may lead to contamination of the sample.
All organ and tissue samples, and any tablet bottles or scene
residues, should be placed in separate containers to avoid any
chance of cross-contamination of samples such as blood or
vitreous humour.
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47.1.4 Interpretation of analytical results
Clinical interpretation of analytical results is a complex area.
The aim of the analysis is to help understand a clinical or forensic scenario, or to provide evidence for the courts. Detailed
knowledge of not only the limitations of the analytical
method(s) used, but also of the clinical pharmacology, toxicology and pharmacokinetics of the compound(s) involved, if

such information is available, is important. A valuable compilation is that of Baselt (2011). Patients often respond differently
to a given dose of a given compound, especially as regards
behavioural effects. Further complicating factors may include
the role of pharmacologically active/toxic metabolites. Some
additional considerations are summarised in Table 47.10.
In severely poisoned patients treatment may include intravenous administration of anticonvulsants such as diazepam,

Table 47.10 Some factors that may affect interpretation of toxicology results.
Factor

Comment

Acidosis/alkalosis

Influence volume of distribution of water-soluble ionisable poisons if pKa is within two pH units of
the blood pH

Age

Very young and elderly have lower metabolic capacity, elderly have lower hepatic blood flow,
children have low volume of distribution

Body mass

Related to age; males have different body composition to females

Burns

State of hydration; metabolic response to injury

Concomitant drug therapy

Long term and recent: effect on absorption, protein binding, distribution and/or clearance

Disease

Liver or renal disease may reduce metabolic capacity, plasma protein binding may be altered;
decreased renal clearance affects drugs excreted by the kidneys

Duration/intensity of
exposure

Possible effect on tolerance, body burden, induction or inhibition of metabolism

Ethanol consumption

Short- and long-term effects on clearance, potentiation of effect, etc.

Formulation

Sustained release, racemate, etc. If pesticide, vehicle may be more toxic than active ingredient

Genetics/idiosyncrasy

Acetylator status, cytochrome P450 polymorphisms, etc.

Haemolysis

Altered plasma:red cell distribution

Hobbies

Access/exposure to unusual poisons

Infection

Increased cellular permeability, changes in clearance mechanisms

More than one poison present

Potentiation of effect, altered disposition/clearance

Nutrition

Possible change in protein binding and xenobiotic disposition

Occupation

Access/exposure to poisons in the workplace

Pregnancy

May alter drug disposition

Route of exposure

Many compounds have higher acute toxicity if given intravenously or by inhalation rather than orally

Sex

Males have greater body mass, but lower proportion of fat than females: this affects disposition of
some xenobiotics, notably ethanol

Shock

Absorption of orally administered drugs may be reduced

Site of sampling

Especially important if patient is undergoing an infusion, and in postmortem work

Surgery/trauma

Absorption of orally administered drugs may be reduced; state of hydration; metabolic response to
injury

Time of sampling relative to
exposure and/or death

The longer the time between exposure and sampling: (i) the more difficult poison detection (except
with hair/nail) is in clinical samples, and (ii) the greater the potential for change in postmortem
work

Treatment

May get displacement from binding sites including receptors; Fab antibody fragments and chelating
agents will increase total plasma concentration temporarily; oxygen will displace carbon monoxide
from carboxyhaemoglobin

Tolerance

Previous exposure may have produced pharmacological tolerance or cross-tolerance; induction of
metabolism
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midazolam or thiopentone, or of antiarrhythmics such as lidocaine (lignocaine), all of which may be detected if a toxicological analysis is performed subsequently. Lidocaine is also used
as a topical anaesthetic and is often found as a result of incidental administration during urinary tract catheterisation.
Drugs or other compounds may also be given during investigative procedures such as lumbar puncture or computerised tomography (CT) scans.
Measurement of the plasma concentrations of centrally
acting drugs such as thiopentone may be required when assessing ‘brain death’ – that is, the decision to withdraw supportive
measures if there is no hope of recovery after an anoxic or
hypoxic episode. Some further instances where treatment might
be influenced by the results of toxicological analyses are listed
in Table 47.11. Analyses in the later stage of an episode may be
needed in order to plan recommencement of chronic treatment, for example with anticonvulsants or antipsychotics.
Interpretation of postmortem toxicology results is an especially complex area. Firstly, tolerance to drugs given in therapy
or taken illicitly cannot be assessed postmortem. Secondly,
there is the likelihood of postmortem changes in blood analyte
concentration. Factors that may assist in the interpretation of
postmortem blood toxicology results are the possible availability of: (i) antemortem samples (whole blood or plasma/serum);
and (ii) routine therapeutic drug monitoring (TDM) data. Even
if such ‘baseline’ data are available, comparison with postmorTable 47.11 Interpretation of some toxicological analyses that
may influence treatment.

Treatment

Poison

Acetylcysteine
(or methionine)

Paracetamol

200 mg/L (4 h
post-ingestion single
dose), 30 mg/L (15 h
post-ingestion)

Methanol
Ethylene glycol

0.5 g/L (peak)
0.5 g/L (peak)

Prussian bluea

Thallium

0.2 mg/L (urine)

Desferrioxamine
(deferoxamine,
DFO)

Iron

5 mg/L (90 μmol/L)
(serum, children)
8 mg/L (140 μmol/L)
(serum, adults)
50–250 μg/L (serum)

Calcium disodium
EDTA/DMSA

Lead
Cadmium (acute)

DMSA/DMPS

Mercury
(inorganic)
Arsenic
(inorganic)

Table 47.12 Factors influencing the likelihood of postmortem
change in blood poison concentrations.
Factor

Comment

Site of collection

Central sites (heart, vena cava or
‘subclavian’ blood) more likely to
show changes than peripheral sites
(e.g. femoral vein after appropriate
isolation). Blood from left ventricle
of heart more likely to show change
than blood from right ventricle

Time between death
and sample
collection

A longer elapsed time gives more
potential for changes as tissue pH
decreases and autolysis proceeds

Position of body when
found

May result in blood draining from
central sites to peripheral sites

Body storage
temperature

The higher the temperature, the
greater the potential for change

Method of sampling

Needle aspiration is less likely to
result in sample contamination with
tissue fluid, for example. ‘Cavity
blood’ (blood remaining when the
central organs have been removed)
likely to be useful only for
qualitative work

Sample preservation

2% (w/v) fluoride needed to help
stabilise certain analytes (e.g.
ethanol, cocaine,
6-monoacetylmorphine) does not
reverse any precollection changes

Headspace in sample
tube

Volatile analytes will equilibrate
between sample and headspace;
opening the tube when cold (4°C)
will minimise losses

Volume of blood
collected

A larger sample volume is less likely
to be influenced by localised
changes in blood composition

Nature of poison

Lipophilic compounds are more likely
to show increase than lipophobic
compounds

Presence of poison in
the gastrointestinal
tract

Postmortem diffusion may alter
concentrations in blood and in
adjacent tissues (sample liver from
deep inside right lobe as it is
furthest from stomach)

Plasma concentration
associated with
serious toxicity

Ethanol

Aluminium

tem data must be made in the knowledge of the possible effects
of attempted resuscitation, the time elapsed since death, the site
of collection of the blood sample and analyte stability, amongst
other factors (Table 47.12). The measurement of major blood
metabolites is important if only to ensure that they have not
been quantified together with the parent drug, and the blood
drug : metabolite ratio might indicate whether exposure was
acute or chronic. Analysis of other fluids and/or tissues may
provide further useful information.

600 μg/L (whole
blood, adults)
20 μg/L (whole blood)
100 μg/L (whole blood)
200 μg/L (whole
blood)

DMPS, sodium dimercaptopropanesulfonate; DMSA, dimercaptosuccinic
acid; EDTA, ethylenediamine tetra-acetic acid.
a
Potassium ferrihexacyanoferrate.
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Changes in the concentration of plasma-binding proteins
can markedly influence the pharmacokinetics and pharmacodynamics of highly bound drugs. In otherwise healthy subjects,
plasma total (‘free’ and protein bound) quinine concentrations
of 10–15 mg/L may be associated with serious toxicity. However,
in acute malaria plasma α1-acid glycoprotein, the principal
binding protein for basic drugs, is increased and total quinine
concentrations in this same range are attained during effective
treatment without manifestations of toxicity (Krishna and
White 1996).
Caution is often needed in interpreting immunoassay results.
Benzodiazepine immunoassays are invariably group-specific,
and have different sensitivity towards individual benzodiazepines and metabolites. Cut-off values (limits of sensitivity)
are usually set for use in occupational drug screening, where
the compounds of interest are often relatively high dose drugs
such as chlordiazepoxide and diazepam, and may be so high
that toxicologically relevant analytes such as flunitrazepam
metabolites are often missed (UNODC 2011).
Traditionally, immunoassays have been available that
measure ‘total’ morphine (i.e. morphine + metabolites, principally inactive morphine-3-glucuronide) in the blood and urine.
The advantage of this is that, if used together with the ‘free’
(unconjugated) morphine result, an idea of the magnitude of
the heroin/morphine dose can be obtained. If the total morphine is relatively low compared with the free morphine then
this might suggest that death ensued quite quickly after heroin/
morphine use.
Many drugs are chiral and are prescribed as racemic mixtures
(e.g. citalopram), but usually achiral analytical methods are
used and ‘total citalopram’ – simply reported as citalopram – is
measured. Care must be taken to ensure that norcitalopram
(also a mixture of enantiomers, not necessarily a racemic
mixture) is reported separately. The pharmacologically active
enantiomer (S)-citalopram is also given as a drug (escitalopram), but again citalopram/norcitalopram are normally
reported. A further complication is that some achiral drugs are
metabolised to chiral metabolites that accumulate in plasma.
For example, risperidone gives rise to both (R)- and (S)-9hydroxyrisperione in vivo, yet ‘total 9-hydroxyrespiridone’ is
usually measured and reported. One of the few toxicologically
relevant analytes where chiral methodology may be needed is
when it is necessary to prove the presence of (S)-(+)-amphetamine (dextroamphetamine), a controlled stimulant, rather than
(R)-(–)-amphetamine (laevoamphetamine), an antitussive.
Finally, it is important to be clear on the units of measurement used to report analytical toxicology data.1 Some laboratories report such data in ‘amount concentration’ using what
have become known as SI molar units (μmol/L, etc.), while
others, especially in the USA, continue to use mass concentration (so-called ‘traditional’ units (mg/L, etc. or even mg/dL)).

Most published analytical toxicology and pharmacokinetic data
are presented in SI mass units per millilitre or per litre of the
appropriate fluid (the preferred unit of volume is the litre (L)),
or units that are numerically equivalent in the case of aqueous
solutions:
[Parts per million] = µg/g = µg/cm 3 = µg/mL = mg/L
= mg/dm 3 = g/m 3
An exception is carbon monoxide, which is usually reported as
% carboxyhaemoglobin (%COHb) in blood in relation to total
haemoglobin.
Conversion from mass concentration (ρ) to amount concentration (c) (molar units) and vice versa is simple if the molar
mass (M) of the compound of interest is known. Thus, using
in the example a compound with a molar mass of 151.2 g/mol:
c = ρ /M For example: (1 mol/L) = (151.2 g/L) / (151.2 g/mol)

ρ = cM For example: (151.2 g/L) = (1 mol/L) × (151.2 g/mol)
However, such conversions always carry a risk of error. Especial care is needed in choosing the correct relative molar mass
(Mr) if the drug is supplied as a salt, hydrate, etc. This can cause
great discrepancies, especially if the contribution of the accompanying anion or cation is high. Most analytical measurements
are reported in terms of the free acid or base, and not the salt,
whereas many ionisable drugs are prescribed by weight of the
relevant salt.

47.1.5 Conclusions
Most cases of poisoning can be treated without laboratory
investigations other than basic haematology and clinical chemistry. However, not all cases are straightforward, and all the
available evidence must be taken into account when investigating any death or other serious incident where poisoning is
suspected. An overall knowledge of the circumstances, time
course, clinical/postmortem observations, possible poisons
involved and their toxicology and metabolism, is important. A
comprehensive treatise on all aspects of clinical toxicology is
that edited by Dart (2004). Toxicological analysis can provide
objective evidence of exposure and of the magnitude of exposure, and in some instances may guide treatment. Postmortem
toxicology is an especially difficult area and great care is often
needed when interpreting results for the courts.

47.2 Specimen collection for
forensic toxicology
Graham R. Jones

1

When preparing written statements for a court of law or other purpose out
side the normal reporting channels it is advisable to write out the whole unit
of measurement in full (milligrams per litre, for example).

In the investigation of suspected poisoning, the collection of
the specimens for toxicological examination is an important
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step. For living people, the process is fairly straightforward –
blood and urine are the specimens of choice and occasionally
gastric contents if available. In certain cases, the collection of
hair may be indicated. However, for postmortem cases, the
choices are much more varied and complex, even if only considering blood. Therefore, this section with deal mostly with
postmortem specimen collection.

47.2.1 Blood, serum and plasma
For most types of clinical or forensic toxicology testing where
quantitative testing is required, blood has long been regarded
as the specimen of choice. During life, blood is easily sampled,
drug concentrations are reasonably homogeneous throughout,
and for most drugs their concentrations represent an approximation of the body burden – the amount of ‘active’ drug in the
body. While many of those approximations do not always hold
true after death occurs, for example due to postmortem redistribution, blood is still regarded as the specimen of choice.
Postmortem blood usually stays reasonably fluid after death,
although it does contain numerous small clots, can sometimes
be extensively clotted, and will gradually deteriorate in the
hours and days after death. As it does so, its appearance gradually darkens, changing from dark red, through almost black and
dark green as it deteriorates.
For most clinical chemistry or clinical toxicology work,
whole blood is not used. Blood is centrifuged to produce either
serum (if clotted blood is spun) or plasma (if an anticoagulant
is used). However this is rarely possible for postmortem work.
After death, the erythrocytes (red cells) start to lyse, and clean
separation of red cells from serum or plasma is not possible
unless the blood is collected very close to the time of death.
Consequently, whole blood is routinely used for most postmortem toxicology testing.

Collection site
While postmortem blood may theoretically be collected from
almost any blood vessel in the body, an area as remote as possible from the central body organs is preferable in order to
minimse the effects of postmortem redistribution and postmortem diffusion. Many drugs are concentrated in the major
organs (e.g. lungs, liver, heart) during life, and can be released
and diffuse out into nearby blood after death, so causing an
artefactual increase in blood drug concentration that will complicate interpretation. However, the more remote blood vessels
are from the central organs, the smaller they are and the less
blood they contain. A compromise is to collect a large volume
of ‘central’ blood where it is most easily obtained (e.g. heart,
inferior vena cava, subclavian vein) and a smaller, good quality,
‘peripheral’ sample from the femoral veins or lower portion of
the iliac veins. Ideally, the femoral vein should be ligated to
prevent siphoning blood down from the larger central vessels.
The central blood may be used for qualitative drug screening
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or quantitative analysis of drugs not subject to postmortem
redistribution. The smaller peripheral sample should be
reserved for those drugs that are likely subject to postmortem
redistribution.

Containers and preservative
Blood used for the analysis of ethanol should be preserved,
usually with 1–2% sodium fluoride, to prevent microbiological
activity that can result in ethanol production or loss prior to
analysis. Containers used for the analysis of volatiles, including
ethanol, are usually blood collection tubes or similar small containers with a limited headspace and good seal to minimise
losses due to evaporation. Fluoride is an enzyme poison and
will inhibit the hydrolysis of drugs metabolised by esterases,
such as cocaine and monoacetylmorphine (as well as heroin).
However, fluoride may also inhibit the bacterial metabolism of
other drugs subject to prolonged refrigerated storage prior to
analysis. The presence of fluoride may also minimise the production of γ-hydroxybutyrate (GHB) after the collection of
blood.

Trauma and medical and other artefacts
During postmortem blood collection, care must be taken to
avoid locations where intravenous lines or medical drug delivery devices were located (e.g. patient-controlled anaesthesia
pumps, transdermal drug delivery patches). The collection of
blood samples should normally be from a visually identified
vessel. So-called ‘blind stick’ collections should be avoided (i.e.
attempts at sampling through the skin above the presumed
location of a blood vessel). Blind stick collections are especially
problematic when attempted through the chest wall in an
attempt to collect ‘heart’ blood. This can be a huge problem
in traumatic deaths such as motor vehicle fatalities where
organs can move from their original positions. It is not uncommon for organs, and even the stomach and diaphragm to
rupture, leading to contamination of the chest area. Even small
amounts of alcohol or drugs can potentially contaminate ‘chest
blood’ and drastically affect interpretation of the toxicology
findings.
In severely decomposed bodies, the quality of blood, if available at all, may be very poor and may not resemble blood.
Sometimes ‘chest fluid’ or ‘pleural fluid’ may be all that is available. The interpretation of any drug concentrations should be
made extremely cautiously. In such circumstances, collection
and testing of one or more organ tissues is strongly advised.

Antemortem blood and serum
For the majority of sudden deaths, the person is found dead
and resuscitation is not feasible, or is short and unsuccessful.
For such cases, collection of postmortem blood or other specimens is the only choice. However, in some cases, death is
delayed sufficiently that medical treatment may be initiated and
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blood may be collected during emergency treatment or hospitalisation. For drug-related deaths, the seizure and analysis of
antemortem specimens can be extremely important, for two
reasons. If the death is delayed and the person dies eventually
from the sequelae of hypoxic brain damage, alcohol and drugs
may have been cleared almost completely from the body, or
decreased in concentration sufficiently that the postmortem
specimens have little or no value. However, even if death occurs
very soon after emergency treatment commences, collection
and analysis of antemortem specimens may be important to
help differentiate between ‘elevated’ drug concentrations due to
overdose or intoxication and elevated levels due to postmortem
redistribution. Estimation of a blood alcohol concentration
close to the time of an accident or other event may also depend
heavily on the availability of antemortem blood or plasma.

47.2.2 Urine
Urine has often been a specimen of choice for toxicology
testing. For living people, the specimen is relatively easy to
obtain in a non-invasive manner, drug and/or metabolite concentrations tend to be much higher than in blood, and the
specimen is >99% water and therefore lacks high concentrations of the potentially interfering substances present in blood
(e.g. protein, lipids). Toxicological analysis of urine is also easier
to automate than for whole blood. However, for postmortem
toxicology, urine has less value. Unfortunately, many people
void their bladder at the time of death, and therefore the specimen is simply not available. Therefore, postmortem toxicology
laboratories cannot have testing schemes that rely solely on the
analysis of urine. The other disadvantage is that, with very few
exceptions, there is very little correlation between urine drug
concentrations and the potency of pharmacological effect.
Urine drug concentrations are usually highly dependent on the
state of hydration of an individual and other factors. It must be
borne in mind that the bladder is largely a reservoir and, unlike
blood, is not in continual equilibrium with the body’s organs
and other tissues.
Urine can be useful for corroborating the presence of drugs,
particularly if blood is the only other specimen collected. Many
drugs, such as benzodiazepines, are very extensively metabolised, such that little, if any, of the unchanged drug may be
present in the urine. Urine can also be useful for approximately
corroborating a blood alcohol concentration (in the absence of
diabetes), although the correlation is not quantitative.

47.2.3 Vitreous humour
Vitreous humor is the semiviscous gel-like fluid in each eye, and
there is typically 3–4 mL in volume per eye. Vitreous fluid is
easy to collect and remains sterile for up to 3 days or so after
death. It is therefore extremely valuable for the measurement
of ethanol and some drugs. The presence of ethanol in the vitreous is generally considered proof that it was consumed during

life. Likewise, the presence of ethanol in the blood but its
absence in the vitreous is considered good evidence that the
blood ethanol was formed due to postmortem processes. A
nearly complete equilibrium for ethanol between blood and the
vitreous humour occurs fairly quickly, and certainly much
quicker than the time taken for the absorption of ethanol into
the body.
However, vitreous fluid is also useful for the analysis of many
drugs, and in particular those subject to continued postmortem
hydrolysis by esterases in blood, such as cocaine and monoacetylmorphine, and may allow for an extended detection window.
Vitreous is also potentially useful for the analysis of drugs
known to be subject to postmortem redistribution. Because the
eye is remote from the major chest and abdominal organs, it
cannot be affected by postmortem redistribution from the
lungs, liver, heart or stomach. However, little is known about
the extent to which redistribution may occur from tissues surrounding the eye, including the brain. The other current disadvantage for measuring drugs in vitreous humour is the relative
lack of information regarding concentrations of various drugs
that might be expected after therapeutic, toxic or fatal doses. It
is known that vitreous concentrations of highly protein-bound
drugs will be much lower than the corresponding blood concentrations, due to low ‘free’ (unbound) plasma concentrations.
Similarly, the vitreous humour concentrations of very lipidsoluble drugs will be much lower than whole blood concentrations, due to the high water and low lipid content of vitreous
fluid. Vitreous fluid is also useful for the measurement of
electrolytes such as sodium, chloride, urea and creatinine.
Potassium increases unpredictably after death and therefore
measurement in vitreous fluid is of little or no value. High
postmortem vitreous glucose concentrations are a good indicator of premortem hyperglycaemia; in conjunction with elevated
acetone, a high vitreous glucose is an indicator of diabetic
ketoacidosis. However, low or even ‘zero’ vitreous humour
glucose concentrations are not diagnostic of hypoglycaemia
due to the rapid decrease in ‘normal’ glucose concentrations
after death.

47.2.4 Bile
The gall bladder is located just below the right lobe of the liver
and typically contains 5–50 mL of bile fluid. Bile has been used
as an alternate fluid for the measurement of ethanol, although
it is subject to postmortem fermentation and, in some circumstances, diffusion from the stomach. It has also been used as a
fluid specimen to screen for drugs. A potential advantage of bile
is that it contains high concentrations of many drugs – particularly those that form glucuronide or sulphate conjugates.
However, like urine, bile is not a circulating fluid and therefore
not in continual equilibrium with blood and tissues, and therefore of limited usefulness for quantitative drug measurement.
Also, there are few reference values to aid interpretation of bile
drug concentrations. Bile is also a relatively ‘dirty’ fluid, con-
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taining high concentrations of bile salts and other substances
that have the potential to interfere with immunological and
chromatographic analytical methods. The extremely close
proximity of the gall bladder to the liver makes it very susceptible to postmortem diffusion from that organ. Prior to the
development of sensitive methods for the measurement of conjugated opiates in blood, such as morphine, bile was a useful
specimen because concentrations were sometimes orders of
magnitude higher. But that ‘advantage’ is no longer of much
value.

47.2.5 Liver
The liver is one of the largest organs in the body and therefore
a readily available source of ample specimens for testing. Unlike
the fluid specimens referred to above, liver must be homogenised with water or buffer prior to analysis. Many drugs are
concentrated in the liver, sometimes making the detection and
identification of drugs easier than in blood. A major disadvantage of liver is that it has a high protein and high (and variable)
lipid content, which can interfere with most immunological
assays and many chromatographic assays. The interpretation of
liver drug concentrations is often far from easy. A well-defined
quantitative relationship between liver and blood concentrations of most drugs does not exist. However, of all the organ
tissues most of the data that exist are for the liver but this is still
not sufficient to make interpretation of liver concentrations
routine. The existing literature sometimes permits ready differentiation of, for example, therapeutic use from a toxic body
burden, if the liver concentrations are very low or very high,
respectively. Liver concentrations may also be used to corroborate a blood concentration; not in an exact manner, but more
as a ‘reality check’. For example, if a blood concentration appears
relatively ‘high’ and the liver concentration does not appear
elevated compared with published values, that suggests the high
blood concentration might have been caused by postmortem
processes such as redistribution. Concentrations of drugs in the
major organs do not change markedly after death, including the
liver – at least in the early postmortem period. But the reader
should be cautioned that high liver drug concentrations (or
high concentrations in any other tissue or fluid) do not necessarily translate into suicidal ‘overdose’. Drug concentrations can
sometimes build up in the body generally due to impaired
metabolism or excretion. There is one additional caveat: collection of liver tissue should be from the right lobe, to avoid the
possibility of postmortem diffusion from the stomach into the
left lobe.

47.2.6 Brain
The brain is a complex organ, but potentially useful for toxicological analysis because it is the site of action of many drugs of
toxicological interest – those that stimulate, depress or other-
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wise affect the central nervous system (CNS). Outside of a few
jurisdictions, relatively few laboratories analyse brain tissue.
The reason may be lack of time and resources to analyse any
specimen except blood and possibly liver. Another reason is the
relative lack of reference data; in other words published data on
what ‘therapeutic’, ‘toxic’ or potentially fatal concentrations
may be for a given drug. Aside from being a ‘relevant’ tissue
from the perspective of the actions of drug on the CNS, concentrations of drugs in the brain are not affected by postmortem diffusion from the stomach or, in the case of advanced
decomposition, are not affected by the putrefaction of other
organs (e.g. liver, lungs). Perhaps as the science of forensic toxicology evolves, there will be more interest in the use of brain
tissue for interpretation.

47.2.7 Lungs
The lungs are one of the most highly perfused organs in the
body and contain some of the highest drug concentrations. The
lungs likely contribute more to postmortem redistribution than
any other organ. Lung tissue is more fibrous than liver and
brain and therefore more difficult to efficiently homogenise
prior to analysis. But the main problem with determining drug
tissue concentrations is the relative lack of data to assist interpretation in any given case.
Some forensic scientists have advocated surgically removing
and tying off the entire pulmonary system (trachea, bronchi,
lungs) in cases of death by volatile solvent or gases. Intuitively
that might seem to be useful. However, if significant amounts
of solvents are absorbed, they can be measured in pulmonary
blood or even cardiac or other blood, without removal of the
entire organ system. In the event of inhalation of highly volatile
gases that may be poorly soluble in blood (e.g. helium, argon),
measurement in the pulmonary space may be of interest.
However, if the body is moved significantly after death, much
of that pulmonary ‘air’ will have dissipated. Analysis of the gas
at the scene of death (e.g. enclosed chamber, respirator bottle,
gas cylinder) may provide more valuable information than tracheal gas analysis.

47.2.8 Kidney
Measurement of postmortem drug concentrations in kidney
tissue is seldom done, and is probably of no more help than
measuring other tissue concentrations such as in the liver or
lungs. There may be some utility to measuring heavy metal
concentrations in the kidney, mainly because the body burden
of heavy metals may be estimated through a 24-hour urine
collection, and the fact that many heavy metals tend to concentrate in the kidneys. Published data exist for ‘normal’ concentrations of heavy metals and arsenic in kidney and other tissues.
However, care should be taken to differentiate acute from
chronic heavy metal exposure.
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47.2.9 Skeletal muscle
Skeletal muscle is rarely analysed for the presence and concentration of drugs unless none of the more commonly analysed
organ tissues are available (e.g. liver, lungs, brain, heart). Such
circumstances may include bodies where the internal organs
are so badly putrefied that they cannot be analysed, or where a
body located outdoors has been largely eaten by animals, so that
only muscle and bone may remain. In these circumstances, the
value of toxicological analysis of muscle may be limited by the
lack of data to help understand what the concentrations mean.
That said, the presence of a potent poison such as strychnine
may make that point moot. However, another value of measuring muscle drug concentrations is to help better understand
what true femoral blood drug concentrations mean. An
improved knowledge of drug concentrations in leg muscle, for
example, may assist in understanding the potential for postmortem redistribution from the thigh muscles into femoral
blood.

47.2.10 Other tissues and fluids
Gastric contents
Qualitative analysis of gastric contents can be useful in helping
to demonstrate that an overdose has been consumed. However,
it is important to understand that the total amount of drug in
the gastric contents must be determined, not just the drug
concentration. Depending on the volume of gastric fluid
present in the stomach, a single therapeutic dose of a drug (e.g.
one tablet) can result in what appears to be a ‘high’ concentration if compared with what is expected in blood or plasma. It
is the total amount, not the concentration, that is important.
The total volume of gastric contents must be known, and a
representative aliquot analysed. If only a portion of the gastric
contents is sent to the laboratory, as far as possible it should be
representative of the whole, especially if partially digested pills
are present. The portion of gastric contents received by the
laboratory should be homogenised to ensure that the small
aliquot actually analysed is representative.
It should also be noted that the simple presence of a drug in
the gastric contents does not prove oral administration, especially if the concentration is low. Because most drugs are distributed throughout the body, they will be present in extracellular
fluid and will be present in the fluid that ultimately forms the
gastric secretions. It is also thought that ‘basic’ drugs (chemically ‘alkaline’ drugs that form hydrochloride or sulphate salts)
will in effect be attracted to the acid medium of the stomach
(so-called ‘ion trapping’).

Cerebrospinal fluid
Cerebrospinal fluid (CSF) bathes the spinal column and brainstem, and is >98% water, in addition to small amounts of

protein and electrolytes. The volume of CSF available is variable, but can easily exceed 10–20 mL in relatively fresh bodies,
although it is more difficult to collect than specimens such as
vitreous humour and blood. CSF has been used for ethanol
quantitation and, like vitreous fluid, the concentrations
expected are comparable given the high water content of the
specimens. Little has been published regarding drug concentrations in CSF, making interpretation difficult. However, intuitively it might be expected to be a potentially useful specimen,
especially for drugs that affect the CNS.

Pericardial fluid
Pericardial fluid is contained within the pericardial sac that
surrounds and bathes the heart. Some have advocated the use
of pericardial fluid for the quantitation of drugs in postmortem
toxicology. However, there are two problems. First, few data
exist that would aid interpretation of the drug concentrations
that might be measured. The second problem is that the very
proximity of pericardial fluid to the heart would make it subject
to redistribution from myocardial tissue, resulting in variable
and unpredictable postmortem drug concentrations.

Chest fluid and pleural cavity fluid
Pleural fluid is that which bathes the lungs inside the pleural
sac. During an extended postmortem period the pleural membrane will break down, releasing pleural fluid into the chest
cavity. ‘Chest fluid’ is a generic name give to the fluid released
by the pleual sac and organs into the chest cavity after death,
and may include blood released due to trauma or spontaneous
rupture of blood vessels. These fluids are the specimen of last
resort and are typically collected if postmortem decay is sufficiently advanced that it is difficult to get blood from intact
blood vessels, or trauma has largely emptied the vascular
system. In some cases chest fluid is what might be collected
while attempting a blind stick collection from the chest while
attempting to collect heart blood. Regardless of the circumstances, chest fluid or pleural fluid is rarely a suitable specimen
for the quantitative determination of drugs and metabolites. By
definition, it is a fluid that will be subject to considerable postmortem redistributions from the major organs in the chest
cavity.

Heart tissue
The measurement of drugs in heart muscle (myocardial tissue)
has been reported for several drugs, although the amount of
data reported in the literature is sparse and sometimes difficult
to find for any given drug in varying circumstances. There is
no compelling advantage for the measurement of drugs in
cardiac tissue, other than to better understand how drugs
are distributed in the body and the process of postmortem
redistribution.
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Spleen
Spleen tissue is a rich source of red blood cells and, in the
absence of fluid blood (e.g. in a severely burned body), has
often been used for the measurement of carbon monoxide, as
carboxyhaemoglobin. In some fires, the spleen may be more
protected from thermal damage than the heart and blood
vessels. The measurement of drugs in the spleen does not offer
any advantage over other organ tissues.

Hair, nails, bone, bone marrow and cartilage
Most drugs are distributed into virtually every part of the body,
including bone, cartilage and keratinous material such as hair.
In theory, drugs and poisons may be detected and quantitated
in every one of these specimens. However, the practical value
of performing such testing will vary depending on the toxin,
the tissue and the circumstances of each case. With the exception of hair, perhaps, the value of quantitative determination
of drugs in the other specimens listed is limited. Typically we
do not know what ‘normal’ values are – in other words the
concentrations that will result from therapeutic or toxic doses.
Exceptions might be circumstances where blood, muscle and
organ tissue is not available for collection, and where a potent
‘poison’ such as strychnine is found, and where the actual concentration is not of great importance. The detection of one or
more drugs in a corpse where they were not prescribed and
were unlikely to be present from self-administration may also
be important (e.g. in an infant or child).
However, the quantitative determination of drugs or other
toxins in hair may often be of forensic importance. Most drugs
and/or their metabolites are incorporated into hair as it grows.
Careful collection and analysis of hair can therefore be used to
differentiate acute from chronic administration of a drug or
toxin. The collected hair needs to be carefully washed to eliminate external contamination. It is also often useful to segment
the hair into 1–3 cm sections and analyse these segments separately in order to determine where along the hairs shafts the
drug or poison has been incorporated. If certain generalisations
are made about the rate of hair growth in the average person,
it may be possible to estimate when or for how long the person
was exposed to the drug. This technique has been used to
differentiate acute from chronic administration of a drug in
poisoning cases and other forensic applications such as drugfacilitated assault. Hair analysis also offers the advantage that
the specimen itself is very stable, as typically are the drugs
contained therein. In postmortem cases, hair should be collected before the main autopsy commences, to avoid contamination with blood when the scalp is reflected.

Injection sites and intranasal use
Demonstrating or proving the route of administration of a
drug can be important in some forensic cases. It may be thought
that collection and analysis of a suspect injection site would be
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useful. However, if performed, this should be done cautiously.
It must be borne in mind that most drugs are distributed
throughout the body, in all tissues, including muscle and skin.
Therefore in order for analysis of a suspect injection site to be
used as evidence of intramuscular or subcutaneous injection, a
control site must be analysed from a comparable portion of
tissue on the opposite side of the body where there is no evidence of an injection. It should also be kept in mind that
intravenous injection of a substance may be difficult to prove
because the drug or toxin will be rapidly transported away from
that site by normal blood circulation, especially if death is
delayed by more than a few minutes.

Maggots
For toxicological analysis of severely decomposed bodies where
the availability of the usual postmortem specimens is limited,
the collection and analysis of maggot larvae has been suggested.
The theory is that maggots feed on the flesh of the putrefying
body and in doing so will consume the drug or toxin. If the
maggots are collected, killed with ethanol and homogenised, it
should be possible to determine the drugs that were present in
the body, but in a ‘cleaner’ medium than the putrefying flesh.
While this approach has met with some limited success, it is not
a universal answer to the detection of drugs in putrefying
bodies. The main problem is that maggots extensively metabolise most drugs and therefore the chance of detecting any given
drug or toxin is highly variable.

47.2.11 Non-biological exhibits
On occasion, the collection of non-biological scene exhibits
may benefit interpretation of the overall toxicology findings.
For example, the collection and qualitative analysis of a drinking glass coated with multiple medication residues may assist
the coroner or medical examiner in assigning a manner of
death. Analysis of the residue in a syringe found near a body
may assist in confirmation of both the route of administration
and to identify the drug or toxin. For example, it is currently
difficult to differentiate natural human insulin and recombinant manufactured insulin, or even to test for insulin in
haemolysed postmortem blood. Confirmation of the identify
of insulin in a syringe may assist a pathologist in determining
a probably cause of death if the recipient of the injected insulin
was not a diabetic. Similarly, the identification of heroin in a
syringe may be of benefit, particularly if, as is common, heroin
and monoacetylmorphine have been completely metabolised in
the body to morphine.
The collection and inventory of medications at the scene can
sometimes be valuable in helping to differentiate high drug
concentrations due to postmortem redistribution, or impaired
metabolism and excretion versus suicidal overdose, especially
where blood is the only specimen available. Knowing when a
drug is dispensed, how many doses were dispensed (tablets,
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capsules), what daily dose was prescribed, and how many doses
remain on the date of death, it is often possible to determine if
there is a significant amount of medication unaccounted for.

47.2.12 Special considerations
Putrefaction
The main challenge of analysing blood and tissues from putrefying bodies is the formation of a myriad of small molecules,
such as putrefactive amines and lipids, that severely interfere
with traditional immunoassays and traditional gas chromatography (GC) and GC/mass spectrometry (GC-MS) methods.
However, the availability of highly specific and sensitive liquid
chromatography (LC) MS/MS and LC-(Q)TOF (time of flight)
technology, has made the detection and measurement of drugs
and other toxins in putrefying tissue less onerous than it once
was, though challenges still exist. The analyst still has to make
sure that the presence of putrefactive substances does not
quench a signal due to much lower concentrations of a target
analyte, and where importantly, does not bias a quantitative
measurement.

Embalmed bodies
Periodically, toxicologists are asked to perform testing on fluids
or tissues from bodies that have been embalmed. It might be
that a body in a reportable death was embalmed before it was
investigated by a coroner or medical examiner. Alternatively,
new information in relation to sudden death or a ‘cold case’
may cause a body to be disinterred for further examination,
sometimes long after embalming and burial. In such cases there
may not be anything resembling blood available for collection;
the only specimens available may be embalmed organs and
muscle. In these circumstances, the collection and analysis of
the specimens may be little different to that of unembalmed
tissue. However, interpretation of the results will be more challenging. The toxicologist needs to be assured that the homogenisation process is adequate to release any drugs that are
trapped within the formaldehyde denatured tissue. Consideration also needs to be given to whether formaldehyde in the
embalming fluid has partially or totally destroyed the
substance(s) being tested for. Formaldehyde is a very reactive
chemical. Some drugs will be rapidly destroyed, whereas others
may be relatively resistant to degradation.

Labelling
A critical aspect of specimen collection adequate labelling. It
should go without saying that demographic information such
as case number and/or name must be given, in addition to the
identity of the specimen. Where not obvious, the location of
collection of the sample must be given – especially for blood.
For blood, the location should be as specific as possible. For
example, terms such as ‘central’ or ‘peripheral’ should be

avoided, in favour of specific anatomical locations (e.g. subclavian, inferior vena cava, iliac, femoral). In some circumstances
indicating which side of the body may be important, especially
where medical devices such as transdermal drug delivery
devices or intravenous lines are present. Multiple containers of
the same specimen type should be uniquely identified (e.g. 1,
2, 3 or A, B, C). Specimens such as blood, in particular, are
rarely homogeneous and it is forensically important to identify
specifically which container has been analysed, especially where
later re-analysis may be performed.

Chain of custody
In forensic work, including postmortem toxicology, it must be
possible to demonstrate a clear, unbroken link between the final
testing result and the body that the original specimens were
collected from. An analytical toxicology result, no matter how
well performed, is worthless unless that link can be clearly
established. Depending on the jurisdiction, it does not necessarily have to be unduly complicated. At its simplest, it is usually
demonstrated by a trail of paperwork and signatures outlining
who collected, transported, received and ultimately analysed
the samples. From the laboratory’s perspective, that chain of
custody is usually divided into two parts. The ‘external’ chain
of custody usually covers documentation of specimen collection, transportation and receipt in the laboratory. The ‘internal’
chain of custody covers what happens to the specimens within
the laboratory and includes storage, analysis and ultimate disposal, and should include the identities of the personnel
involved and relevant dates.

Storage
Most laboratories utilise refrigeration at 4–6°C for short-term
storage of biological specimens. However, in order to minimise
degradation of drugs and metabolites, keeping specimens in
frozen storage (e.g. –20°C) is a desirable practice, especially
where the toxicological analysis may delayed for several weeks.

47.3 Clinical signs and syndromes in
intoxication
Hans H. Maurer and Markus R. Meyer
The major tasks of clinical toxicology are the diagnosis, including toxicological analysis, and the treatment of intoxications
and poisonings, chemical-induced diseases, environmental and
hazardous material exposures and other toxicological emergencies. Data from clinical and case studies in this field assist in the
understanding of the principles and practice, the prevention of
poisonings and the promotion of better care for the poisoned
patient. They are also an essential basis for poison information
centres and poison treatment centres. Series of position papers
on the appropriate treatment of poisonings have been pub-
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lished by the European Association of Poisons Centers and
Clinical Toxicologists (EAPCCT) and the American Academy
of Clinical Toxicology (AACT). For successful diagnosis of a
poisoning, typical signs and symptoms have been categorised
in so-called toxidromes based on the underlying pharmacological mechanisms.
Toxidromes are syndromes caused by the presence of a toxic
level of drugs or poisons in the body. They can be recognised
by many clinical features, such as consciousness level, respiratory function, blood pressure, pulse, pupil size, myoclonus,
gland secretions, motility of gastrointestinal tract, urination
and the presence of dry or wet skin. In the following, various
toxidromes are presented and the pharmacological basis of
these discussed.

47.3.1 Cholinergic syndrome
A cholinergic syndrome occurs when the acetylcholine concentration markedly increases due to blockade of the cholinesterase (ChE) by alkylphosphate (organophosphates) or carbamate
insecticides or by carbamate drugs (e.g. physostigmine). As
carbamates block reversibly, the duration of toxic effects is
shorter that those of alkylphosphates, which are irreversible
ChE inhibitors. Central and peripheral muscarinic (M) and
nicotinic (N) acetylcholine receptors are overactivated leading
to N- and M-cholinergic effects. Overdose by corresponding
receptor agonists can also lead to the associated symptoms.
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to an anticholinergic syndrome. Although anticholinergic, in
sensu strictu, could also mean blockade of the N-cholinoceptors,
this term is only used for parasympatholytic effects. In prin
ciple, the same organs are affected as described for the Mcholinergic effects. The symptoms include tachycardia, dilated
and non-reactive pupils, blurred vision, dry mouth and
decreased bronchial secretion, decreased activity of the gastrointestinal tract, maybe ileus, urinary retention, and finally
flushed, hot, dry skin. Besides these peripheral effects, impressive central effects occur such as psychosis, restlessness, hallucinations (imagination of animals), seizures and coma.

47.3.3 Adrenergic syndrome
Activation of the adrenoceptors by an overdose of corresponding agonists (e.g. phenylephrine) or by a massive increase of
noradrenaline (norepinephrine) or adrenaline (epinephrine)
concentration by various mechanisms (e.g. amphetamines,
cocaine) leads to an adrenergic syndrome. The observed symptoms include tachycardia, hypertension, mydriasis, restlessness,
insomnia, excessive speech, excessive motor activity and tremor.
Some symptoms are similar to those of the anticholinergic
syndrome, but hyperactive bowel sounds, sweating and urinary
retention only occur during adrenergic intoxication allowing
both toxidromes to be distinguished.
This similarity and differences could be observed in the following case (Wissenbach et al. 2009).

N-cholinergic symptoms
As the N-cholinoceptors are responsible for the neuromuscular
transmission, their overactivation leads to muscle fasciculation,
muscle weakness and finally to ventilation failure by paralysis
of the muscles of ventilation. Overstimulation of the Ncholinoceptors in the postganglionary sympathetic neurons
may lead initially to tachycardia.

M-cholinergic symptoms
Overstimulation of the M-cholinoceptors leads to symptoms at
all organs that are controlled by the parasympathetic nervous
systems. These symptoms include bradycardia, pinpoint pupils,
blurred vision, excessive lacrimation, excessive bronchial secretions, wheezing, coughing, vomiting, abdominal cramping,
diarrhoea, urinary and faecal incontinence, and finally sweating
stimulated by the sympathetic nervous system using here acetylcholine as the transmitter.

47.3.2 Anticholinergic syndrome
Blockade of the M-cholinoceptors by an overdose of corresponding antagonists, such as atropine and scopolamine, anticholinergic antiparkinsonians or tricyclic antidepressants, leads

Case example
A 7-year-old girl with attention deficit hyperactivity disorder
(ADHD) showing mydriasis, tachycardia and hallucinations
(imagination of mice) was delivered to the hospital. The symptoms appeared after application of a daily dose of amphetamine
syrup (corresponding 4 mg base), which was mixed the day
before in a local pharmacy. To confirm the right dosage, quantification of amphetamine in the syrup was first requested. In
addition, blood and urine taken 24 hours after ingestion were
submitted for toxicological analysis. Syrup, urine and plasma
were worked up and analysed by GC-MS. Atropine was quantified
in plasma by LC-MS. In the syrup, amphetamine could not be
detected, but atropine could. In the urine, amphetamine, atropine
and diazepam were detected. In the plasma, the amphetamine
concentration was 15 ng/mL and that of atropine 13 ng/mL. These
levels determined in the sole plasma sample taken 24 hours
after ingestion are difficult to interpret in correlation with the
observed symptoms. While mydriasis and tachycardia could also
have been explained by the sympathomimetic effect of amphetamine, hallucinations are uncommon for that drug. All three symptoms fit well with the parasympatholytic effects of atropine. An
antidote treatment was not necessary. After 3 days, the girl was
able to leave the hospital without anticholinergic symptoms. In
conclusion, differentiation of all symptoms is very important in
the diagnosis of suspected poisonings. This case shows that
early and efficient toxicological analysis and consultation may
change the initial diagnosis drastically.

864

PART VII   TOXICOLOGY

Table 47.13 Toxidromes: typical signs and symptoms of poisonings.
Syndrome

Signs and symptoms

Cholinergic syndrome:
N-cholinergic
symptoms

Muscle fasciculation
Muscle weakness
Ventilation failure
Tachycardia

M-cholinergic
symptoms

Bradycardia
Pinpoint pupils
Blurred vision
Excessive lacrimation
Excessive bronchial secretions
Wheezing
Coughing
Vomiting
Abdominal cramping
Diarrhoea
Urinary and faecal incontinence
Sweating

Anticholinergic
syndrome

Adrenergic
syndrome

Tachycardia
Dilated and non-reactive pupils
Blurred vision
Decreased saliva and bronchial secretion
Decreased GIT activity
Urinary retention
Flushed, hot, dry skin
Psychosis
Restlessness
Hallucinations (imagination of animals)
Seizures and coma

Syndrome

Signs and symptoms

Narcotic (opioid)
syndrome

Unconsciousness
Respiratory depression
Pinpoint pupils
Bradycardia
Decreased bowel sounds
Hypothermia

Narcotic
(sedative/
hypnotic)
syndrome

Sedation, drowsiness, narcosis, coma
Ataxia
Slurred speech
Respiratory depression

Serotonin
syndrome

Agitation, restlessness
Loss of coordination
Hallucinations
Nausea and vomiting
Diarrhoea
Fever
Sweating
Tachycardia, rapid changes in blood
pressure
Hyperreflexia, myoclonus, muscle rigidity

Extrapyramidal
syndrome

Dyskinesia: tongue movements, lip
smacking, eye blinking, movements of
fingers, arms, and legs
Rigidity
Tremor

Tachycardia
Hypertension
Mydriasis
Restlessness, insomnia, excessive speech
Excessive motor activity and tremor

47.3.4 Narcotic (opioid) syndrome
A narcotic (opioid) syndrome is caused by the overactivation
of opioid receptors by corresponding agonists such as morphine, heroin or synthetic opioids. The most important symptoms are unconsciousness, respiratory depression and pinpoint
pupils (different to the sedative/hypnotic syndrome). In addition, bradycardia, decreased bowel sounds and hypothermia
may occur.

47.3.5 Narcotic (sedative/hypnotic)
syndrome
Narcotic (sedative/hypnotic) syndrome is typically characterised by a more or less deep narcosis. The mechanisms of
action of sedative/hypnotics are various, for example activat
ing γ-aminobutyric acid A (GABAA) receptors via the
benzodiazepine-binding site or modifications of nerve mem-

branes. The symptoms include sedation, drowsiness, narcosis,
coma, ataxia, slurred speech and respiratory depression especially in combination with alcohol.

47.3.6 Serotonin syndrome
Serotonin syndrome can occur after overdose of a serotonergic
drug and occurs even after therapeutic use of more than one
serotonin-active drug if their effect is enhanced either by the
same pharmacological effect or by inhibiting the other’s metabolism. Several drugs (of abuse) may cause this syndrome, such
as designer drugs (e.g. 3,4-methylenedioxy-methylamphetamine (MDMA)), lysergic acid diethylamide (LSD), tramadol,
tryptanes, selective serotonin reuptake inhibitors (SSRIs)
and selective serotonin/norepinephrine reuptake inhibitors
(SSNRIs), or monoamine oxidase (MAO-A) inhibitors. The
following symptoms occur within minutes to hours: agitation
or restlessness, loss of coordination, hallucinations, nausea and
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vomiting, diarrhoea, pharmacologically induced fever, sweating, fast heart beat, rapid changes in blood pressure, hyperreflexia, myoclonus and muscle rigidity.

47.3.7 Extrapyramidal syndrome
Extrapyramidal syndrome (EPS) occurs if the release and
reuptake of the neurotransmitter dopamine is disturbed in the
nigrostriatal pathway. Besides head injury or Parkinson’s
disease, the overdose of antipsychotic drugs (such as phenothiazine or butyrophenone) and neuroleptic drugs leads to EPS
(also called pseudo-parkinsonism) by blocking dopamine
(mainly D2) receptors. Unfortunately, the dopamine receptors
are blocked not only in the mesolimbic/mesocortical pathways
(desired effect) but also in the nigrostriatal pathway, causing
EPS, and the tuberoinfundibular pathway, causing hyperprolactinaemia. Extrapyramidal reactions include acute dyskinesia
(tongue movements, lip smacking, eye blinking, movement of
fingers, arms and legs), rigidity and tremor.

47.3.8 Conclusions
Categorising typical signs and symptoms of poisoning, summarised in Table 47.13, in pharmacology-based toxidromes
allows fast diagnosis. The consideration of common and different symptoms facilitates the differential diagnosis of various
intoxications or poisonings.

Useful websites
American Academy of Clinical Toxicology, http://www.clintox.org.
European Association of Poisons Centers and Clinical Toxicologists,
http://www.eapcct.org.
(Both last accessed 25 March 2013.)
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Toxicological Analysis: Drug
Screening and Confirmation

Olaf H. Drummer and Dimitri Gerostamoulos

48.1 Introduction
A critical element in any forensic toxicology investigation is the
choice and scope of analytical methods designed to subject the
exhibits collected in a case to a test or series of tests to examine
if they contain any identifiable drug or poison. This testing is
termed ‘drug screening’ or ‘initial testing’ and is followed by
more specific tests that confirm the presence of any suspected
substance.
This testing may be conducted on a limited number of
exhibits or may include all submitted exhibits. These exhibits
usually take the form of a blood or urine sample, but can also
be physical items taken from a crime or death scene, such as
syringes or powders/tablets. In typical forensic toxicology, analyses of blood and urine are most often chosen to screen for the
presence of drugs and poisons. Occasionally other samples may
be used depending on the case and type of investigation
required. This applies particularly to postmortem investigations when other specimens may be provided, such as gastric
contents, liver and vitreous humour.
The type of analytical tests that can be used vary widely from
one laboratory to another and will depend on the range of
instrumentation and associated methods available to the laboratory and the local policy as to what range of substances
should be tested.
The range of substances to be tested will also be informed
by what common prescription and illicit drugs are available in
the community, including substances that can potentially cause
toxicity. The list in Box 48.1 covers most of the common drug
classes of interest for toxicologists; however within each class
there are often several individual drugs. For example, there are
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Box 48.1 Common target substances to target in systematic
toxicological analyses.
•
•
•
•
•
•
•
•
•
•
•
•

Alcohol (ethanol)
Amphetamine-type stimulants (including amphetamine,
methylamphetamine, MDMA and analogues)
Analgesics (including paracetamol, non-steriodal anti-inflammatory drugs, acetyl salicylic acid)
Anticonvulsants (including carbamazepine, lamotrigine,
phenytoin, valproate)
Antidepressants (including sertraline, fluoxetine, amitriptyline, moclobemide)
Antipsychotic drugs (including risperidone, olanzapine,
clozapine)
Benzodiazepines and other hypnotics (including alprazolam,
diazepam, temazepam)
Cannabis (THC in blood), and synthetic cannabinoids if available locally
Carbon monoxide, hydrogen cyanide
Cocaine (including the metabolite benzoylecgonine)
Opioids (including morphine, 6-acetylmorphine, oxycodone,
methadone, fentanyl)
Solvents and other gases if suspected

MDMA, 3,4-methylenedioxy-methylamphetamine; THC,
Δ-9-tetrahydrocannabinol.

several drugs within each of the benzodiazepine, antidepressant, antipsychotic and opioid classes.
In addition, other drugs may need to be targeted in some or
all cases that do not fall neatly into drug classes or may be
locally available. These include γ-hydroxybutyrate (GHB),
digoxin, muscular relaxants such as carisoprodol, etc. Of particular interest are the designer drugs (often called analogues),
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particularly the strong stimulants (e.g. 4-methylmethcathinone
or mephedrone and many of dozens of other analogues available throughout the world) and synthetic cannabinoid classes
(e.g. AM, JHW and HU series). In some jurisdictions particular
poisons will need to be covered routinely due to their local
usage, such as herbicides and pesticides (e.g. paraquat, organophosphates), strychnine and a variety of heavy metals (e.g.
arsenic).
This chapter cannot hope to review all techniques applicable
to forensic toxicology, but rather provides a snapshot of the
most common methods and approaches to drug screening and
confirmation, and some of the more recent developments in
analytical methodology.

48.2 Screening and confirmation
tests
There are a number of principles that need to be met in any
forensic toxicology laboratory. These include:
1. Exhibits must be properly collected, labelled, stored and
transported with chain of custody proof.
2. Exhibits must be tested to examine the presence of a range
of common drugs and poisons and indicated substances
using an ‘initial test(s)’.
3. Any detected substance in the initial test is confirmed to
identify the type of substance unequivocally (‘confirmation
test’), and if needed to provide a concentration in the
exhibit.
This chapter does not deal with the first principle; this is covered
elsewhere in this book. The second principle in which an initial
or screening test is conducted on either a physical exhibit
(powders, syringe contents, etc) or a biological exhibit (blood,
urine, etc), or sometimes both, determines whether other tests
need to be conducted, and if not conducted well may lead to
the non-detection of substances relevant to the case.
Screening tests provide an indication of the absence or presence of a drug or drug class in an exhibit, but does not necessarily provide unequivocal proof of the presence of a drug or
drug class. For example, when using immunoassays the test
cannot provide proof of presence of any targeted substance – it
may just indicate the presence of one or members of a class of
drugs (e.g. benzodiazepines). A second or alternative test is
conducted to confirm the presence of the suspected substance(s).
Mass spectrometry (MS) is normally used in this confirmatory
test to provide proof of presence in any exhibit.
The usual practice is to conduct two different tests before a
result is reported in a medicolegal environment. In situations
where testing is restricted to common drugs of abuse, immunoassays are often used as the initial test to identify if any drugs
from those classes are present and then to use MS to confirm
the drug. Initial tests could include other techniques such as
thin layer chromatography (TLC), liquid chromatography (LC)
using ultraviolet or multiwavelength detectors, or gas chroma-
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tography (GC) using a nitrogen phosphorous detector. Initial
tests also help to eliminate quickly (and relatively cheaply) the
negative samples from the (usually) smaller number of positive
samples. In some situations it is possible to conduct this initial
test at the same time as the confirmatory test (e.g. using MS
methods) providing all critical steps in the analysis are witnessed by another trained analyst. This is necessary to ensure
that no human error has occurred, such as a sample mix-up.
In most cases a confirmation test is required to identify a
particular substance if the initial test is a class test, such as an
immunoassay for example, or simply to repeat the initial test
with another type of analytical method to ensure the substance
is actually present in the exhibit and to provide a concentration
of the analyte(s) in the sample. Confirmation methods are
dependent upon the physiochemical properties of the drug, the
extraction process used and the instruments employed in the
confirmation of the drug or poison (Drummer 2007).

48.3 Isolation step
The first step in any analysis is the isolation of drugs and
poisons from the exhibit. For syringe contents or tablet residues
it may be satisfactory to dissolve or dilute the contents in some
solvent (e.g. methanol) and introduce this directly into an analytical instrument. This approach can also be used for gastric
contents, which are diluted with water to dissolve any residues
and then this is treated with several volumes of methanol (or
another water-miscible solvent) and injected directly into a
chromatograph. When confronted with a biological exhibit,
such as blood or urine, an isolation step(s) is required to extract
the substances being targeted from the biological material to
avoid interference from endogenous substances and to increase
the sensitivity of the analysis. These steps can be divided into
liquid–liquid extraction, solid-phase extraction and other more
direct isolation steps. Their use depends on cost considerations,
the nature of the exhibit and the range of foreign substances
being screened (Wille and Lambert 2007).
Liquid–liquid extraction (LLE) is the most commonly used
step and for most applications is the most inexpensive. This
technique involves the extraction of the foreign substances
from the biological exhibit, which is buffered to a certain pH
to allow partitioning into a water-immiscible solvent. Following
some minutes to allow full partitioning, the solvent layer is
removed and either injected directly into the instrument or
treated in some way. This treatment may simply be evaporation
to dryness and the residue reconstituted into a solvent suitable,
or it may need some chemical treatment to facilitate detection
(e.g. derivitisation) (Pragst 2007). Common isolation solvents
used include 1-chlorobutane, hexane, butyl acetate or solvent
combinations such chloroform/2-propanol (3 : 1) or hexane/2propanol (95 : 5) and hexane/isoamyl alcohol (98 : 2). Solvents
of high polarity (e.g ethyl acetate) will often give higher extraction efficiencies but much dirtier extracts, leading to a higher
risk of interferences, and should therefore be avoided.
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In chromatography-based methods it is common practice to
use a recovery marker added to the exhibit prior to extraction.
This is known as an internal standard and corrects for variable
extraction efficiency between samples. Ideally it should be a
substance related chemically to the substances being tested (e.g.
an analogue), or if using MS a deuterated form of one or more
of the targeted analytes. More than one internal standard is
recommended if a large number of analytes are screened, particularly if they are of widely differing polarity.
Solid-phase extraction (SPE) cartridges are available for the
isolation of foreign substances from biological exhibits using
alkyl-bonded silica minicolumns, such as C18 or mixed phase
columns. They are based on the absorption of the drug onto
the solid support that can then be eluted off with a suitable
solvent (Scheurer et al. 1992).
Solvent precipitation methods are sometimes used, most
typically the treatment of blood or plasma with sufficient
volumes of acetonitrile or methanol to precipitate the denatured proteins. This method is only useful when sensitivity is
not a limiting factor and when using aqueous-based chromatography, such as with high performance liquid chromatography (HPLC).

Solventless methods such as solid-phase microextraction,
single-drop microextraction and hollow-fibre liquid-phase
microextraction are also used although less commonly than
other types of isolation procedure. They tend to be used mainly
for particular drug classes rather than covering a range of drug
classes and variable physicochemical properties (Pragst 2007).
The choice of the preferred isolation method depends largely
on personal preference and cost considerations. Each application needs to be assessed for efficiency, interferences and recovery of the analytes chosen.

48.4 Instrumentation used in
forensic toxicology
The range of analytical techniques required to cover ‘common
drugs’, let alone the other drugs and poisons suggested here, is
quite large and will require more than one type of analytical
instrument. Table 48.1 summarises the most common instrumentation techniques used in forensic toxicology and their
relative advantages and disadvantages. These are separated into

Table 48.1 Advantages and disadvantages of the most common instrumental techniques used in forensic toxicology.
Type

Relative advantages and disadvantages

Initial instrumental techniques
Immunoassays

Widely used for common drugs of abuse, mainly in urine and blood/serum but can be used for other
specimens, e.g. oral fluid and hair. Non-specific broad test as not all compounds have same cross-reactivity

Spectrophotometry

This is now only used for the determination of carbon monoxide saturation in blood; haemolysed blood often
leads to nil result

TLC

Rarely used in forensic toxicology laboratories but still used in some clinical toxicology or workplace testing
laboratories for urine and gastric contents. Non-specific test subject to interference and has limited
sensitivity

LC-UV (DAD)

Used to screen for acidic and basic drugs using photodiode array or multi-wavelength detectors and spectral
libraries for matching, mainly in blood or liver homogenates; interfering compounds reduce matching
probabilities

GC-NPD

Used to screen for basic drugs with retention time matching, mainly in blood or liver homogenate;, often
used in conjunction with MS; limited to volatile, lower molecular weight compounds

Initial and/or confirmation instrumental techniques
GC-MS

Commonly used to screen for drugs/poisons with retention time matching and well-established spectral
libraries; larger molecular weight compounds need derivitisation

LC-MS/MS

Increasingly used to screen for a list of targeted drugs of widely differing polarity following minimal sample
preparation; can complement GC-MS. Expensive instrumentation; lacks universal reference libraries due to
insufficient reproducibility of mass spectra obtained with different instrument types

HRMS

Increasingly used to screen drugs/poisons without use of reference standard; can complement GC-MS and/or
LC-MS/MS or immunoassay techniques, e.g. TOF-MS and Orbitrap-MS. Expensive instrumentation;
interferences can result in false-positive results, hence largely used in screening

AAS or ICP-MS

Used in the analysis of metals; often available only in specialist laboratories. ICP-MS allows a number of
elements to be screened simultaneously, but cannot analyse small sample volumes <3 mL

AAS, atomic absorption spectroscopy; DAD, photodiode array detector; GC, gas chromatography; HRMS, high resolution mass spectrometry; ICP-MS,
inductively coupled plasma mass spectrometry; LC, liquid chromatography; MS, mass spectrometry; NPD, nitrogen phosphorous detector; TLC, thin layer
chromatography; TOF, time of flight; UV, ultraviolet detector.
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instrumental methods, which are essentially only used for
screening, and those that can be used for confirmation testing.
The latter instrumental techniques can also be used for drug
screening.
Laboratories would be expected to have most if not all of
these instruments available, although most forensic toxicology
laboratories will not due to cost and availablity of specialist
analysts. For example, since heavy metals are rarely a problem
in many developed countries it is easier and more cost-effective
to send a request for a heavy metals screen to a specialist laboratory using inductively coupled plasma mass spectrometry (ICPMS) to screen for a number of metals in one assay. The older,
relatively non-specific methods such as spectrophotometry and
TLC are now rarely employed in a forensic laboratory since so
much more powerful and sensitive methods are available.
In modern forensic laboratories one or more forms of MS
are almost exclusively used to confirm the presence of chemical
substances (Maurer 2010a). MS provides the highest level of
specificity and sensitivity compared with non-MS instrumental
techniques. Tandem LC-MS is the most common instrumental
technique used in laboratories, although GC-MS still plays an
important role. High resolution MS is also increasingly being
used in laboratories, particularly in drug screening (Ojanpera
et al. 2012). In this technique reference standards are not necessarily needed in the screening phase since accurate molecular
weights allow the composition of the unknown substance to be
determined.
The use of more sophisticated analytical equipment available to laboratories makes it feasible to both screen and confirm
samples for drugs in one step. This applies particularly to
tandem MS either connected to GC (GC-MS/MS) or LC
(LC-MS/MS). This approach is best suited to targeted analyses
in which two or more characteristic product ions from a specific number of analytes are scanned at their known retention
times.
In many developing countries pesticides (e.g. organophosphates) or herbicides (e.g. paraquat) are more readily available
and require testing in a larger of number of cases. Such substances only need to be tested for in a limited number of cases
in more developed countries by a laboratory with expertise
with this range of substances.
Figure 48.1 shows a schematic representation of a typical
case in which a number of tests are conducted to screen for
alcohol and simple volatile compounds, drugs of abuse and
common or targeted acidic, neutral and basic drugs using two
or more chromatographic procedures. Additional tests can be
performed to screen for other drugs and poisons, and to
confirm the presence of any substance detected in the initial
tests.

48.5 Analytical methods
As Table 48.1 shows there are a large number of detection techniques that can be used in forensic toxicology. However, by far

• Ethanol and
simple volatiles
(blood)

• Screen for drugs
of abuse (blood
or urine)

GC-FID

HPLC-DAD
or LCMS/MS or
HRMS
• Acidic and
neutral
drugs/some
poisons

EIA

LC/MS-MS
or GC-MS
or HRMS
• Basic and
neutral drugs

Figure 48.1 Schematic representation of a series of tests
employed on biological exhibits to determine the presence of
drugs and poisons. DAD, photodiode array detector; EIA, enzyme
immunoassay; FID, flame ionisation detector; GC, gas
chromatography; HPLC, high performance liquid
chromatography; HRMS, high resolution mass spectrometry; LC,
liquid chromatography; MS, mass spectrometry.

the most common can be grouped into immunoassay and
chromatography-based methods.

48.5.1 Immunoassays
Immunoassay screening techniques rely on the competition of
the analyte and the labelled antigen with an antibody showing
selectivity and reasonable sensitivity for a class of related drugs
or sometimes just a single substance. In urine this can be performed using one of a number of different kits relying on
different chemical principles, such as cloned enzyme donor
immunoassay (CEDIA), enzyme multiplied immunoassay
technique (EMIT), fluorescence polarisation immunoasay
(FPIA) and kinetic interaction of microparticles in solution
(KIMS). Drugs that are predominately present in urine as conjugates (sulphates, glucuronides) require prior hydrolysis before
being subject to immunoassay, such as benzodiazepines and
opiates. This technique can be automated allowing large batches
of tests to be conducted very quickly.
In other biological exhibits drugs of abuse can be tested with
microplate enzyme-linked immunoassay (ELISA) tests. This is
also a quick and convenient method for the analysis of drugs
in blood (also plasma/serum), oral fluid (saliva), hair extracts
and tissue homogenates. Sensitivities to drugs will vary from
one supplier to another, the type and batch of antibody used
and the chemical principle used for identification. Biochips
based on the ELISA principle have been developed that allow
the analysis of several drugs or drug classes simultaneously
from an individual chip using a small amount of biological
exhibit. Drug classes targeted most commonly include the
amphetamines, barbiturates, benzodiazepines, cannabinoids,
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cocaine metabolites and opiates. Kits for other drugs are also
available and include 6-acetylmorphine (6AM), ketamine,
lysergic acid diethylamide (LSD), fentanyl, methadone and
phencyclidine (PCP). More recently, kits are available for some
of the newer analogues including synthetic stimulants and cannabinoids. Which series of tests to perform will depend on
laboratory policy and the local prevalence of drugs and poisons.
The performance of immunoassays can be adversely affected
by poor sample quality. For example, in postmortem cases significant putrefaction can lead to false-positive results. This can
be sometimes reduced by the use of a purification technique
such as methanol treatment, but compromised biological
exhibits are better analysed using chromatographic and/or MS
methods.
In workplace testing where urine is collected for drugs of
abuse testing, substances are sometimes added (by the subject)
to avoid detection by causing false-negative results or by introducing strong interferences (Bush 2008). Each kit is likely to be
affected differently depending on the chemical principle used.
Adulterants include glutaraldehyde, detergent, bleach, lemon
juice, vinegar, oxidising agents and other agents that affect pH.

48.5.2 Chromatography-based methods
High performance LC and GC dominate the chromatographic
methods and are preferred techniques for a systematic approach
to drug screening, or systematic toxicological analysis (STA),
and allow the largest range of substances to be included in the
testing process (Drummer 1999; Maurer 2010b).
The use of phase-bonded capillary columns with GC enables
the chromatography of a large range of drugs, particularly
the neutral, basic and weakly acidic drugs. These include the
amphetamines, barbiturates, cocaine, some benzodiazepines
and other hypnotics, some opioids (e.g. codeine, heroin, methadone, oxycodone), antidepressants and antipsychotics and
many others. This method is limited to drugs that are thermally
stable and can be volatilised with sufficient heat. The more
polar compounds can be made amenable to GC by suitable
derivatisation; the most common of these are morphine,
benzoylecgonine and oxazepam. The most common detector
used in forensic toxicology is the nitrogen phosphorous
detector (NPD), which has good sensitivity and selectivity for
nitrogenous compounds and can also detect the organophosphates, which are the most common phosphorous-containing
compounds.
Ideally laboratories should use MS as the detector of choice
either by itself or in combination with NPD by a post-column
effluent split. Mass spectral data of peaks allows a positive identification to be made which is not possible with other detectors
where only retention time can be used to presume the presence
of a drug.
The most common derivatising agents for amines include
the perfluorinated anhydrides (such as trifluoroacetic anhydride and pentafluoropropionic anhydride) or silyl derivatives.

Carboxyl groups can be derivatised with activated silyl agents,
diazomethane, iodobutane or a perfluorinated alcohol in the
presence of a perfluorinated anhydride.
Despite the long and successful history of the use of
GC-based methods for systematic toxicological analysis, the
application of LC-MS methods are just as popular if not more
so. This is related to the affordability of LC-MS/MS instruments, allowing MS/MS specificity and high sensitivity to be
used with HPLC-based aqueous separations. This is often
quicker than using GC-MS, in particular when derivitisation is
required, and allows a greater range of polarity of analytes to
be targeted.
Small bore LC columns (ultrafast, sometimes called UPLC)
produce faster chromatography allowing a high throughput of
samples. Reverse phase systems are most common using an
aqueous alcohol-based system buffered to a particular pH.
Columns are hydrocarbon-linked chains (e.g. C18, C8, phenylalkyl) to fine silica beads packed into 2 or 4 mm internal diameter stainless steel tubes that can accommodate high pressures.
When using tandem MS it is vital that the selection of monitored ions are appropriate and that the mass spectrometer has
been optimised for each analyte and that a thorough assessment
of ion suppression has been performed. The use of two or more
transitions are recommended to avoid misidentification from
isobaric compounds or isobaric fragments (Allen 2006; Yan
et al. 2008).
Two-dimensional chromatography has also been employed
on GC-MS, using two different polarity columns and cryogenic
trapping. This offers reduced limit of detection (LOD) and
improved separation characteristics compared with conventional one-dimensional techniques (Song et al. 2004; Karschner
et al. 2010).
High resolution MS provides high accuracy masses that can
be used to identify unknown substances in biological extracts.
This technique has evolved from the use of double-focusing
mass spectrometers, to the more affordable time of flight (TOF)
and Orbitrap mass analysers (Meyer and Maurer 2012). These
are now also coupled to ultraperformance liquid chromatography (UPLC). The use of retention time matching and high mass
accuracy (such as ±5 mDa mass tolerance) has proven useful to
screen whole blood, vitreous humour, urine, liver and hair
extracts (Nielsen et al. 2010; Pelander et al. 2010; Dalsgaard
et al. 2012). This enables an elemental composition to be determined of the compound and together with the isotopic pattern
helps to identify the identity of the analyte (Ojanpera et al.
2012).

48.6 Method performance
It is essential that any methods used in the laboratory are properly assessed for their suitability and appropriateness for the
application. This validation process includes assessing the
recovery of selected analytes, the precision of the detection and
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the associated limits of detection. A range of drug-free exhibits
of varying quality should be trailed to test for any background
interferences that may affect the detection of one or more of
the target analytes. It is essential that with any batch of analyses
a calibration of the most common analytes is included with
drug-free samples to check the background, the chromatographic performance and semiquantitative accuracy when
drugs are detected. This also allows a comparison of retention
time, mass spectra or targeted ions of a standard with the drug
detected in the exhibit. These calibrations and background
checks should be performed in the same matrix as the exhibits
being analysed (i.e. blood, liver, vitreous humour, etc.). The use
of internal standards in a batch provides a further check of
recovery of drugs from the isolation step and of chromatographic performance.
It is essential that analysts employ not only validated methods
but that the methods collectively have sufficient identification
power for any reported substance. Guidelines exist to provide
minimum identification criteria for mass spectral identification
(Rivier 2003). Similarly, forensic toxicology associations such
as the Society of Forensic Toxicologists (SOFT) and the German
Toxicology and Forensic Chemistry Society (GTFCH) and the
World Anti-Doping Agency (WADA) have guidelines on their
respective websites.
Laboratories must have acceptance criteria followed within
a set of guidelines or policies for mass spectral compound
identification. To enable compound identification using chromatographic techniques, tolerances for acceptable retention
times for compounds of interest for both gas and liquid chromatography must be defined. Retention times for compounds
must match those of contemporaneous standards within a
specified window after taking into consideration the resolving
power of the chromatographic system. Suggested ion ratio
identification criteria for MS tolerances are listed in Table 48.2.
Confirmatory methods for drugs and poisons provide information based on the chemical structure of the analyte. Consequently, methods based only on chromatographic analysis
without the use of spectrometric detection are not suitable on
their own for use as confirmatory methods. This is a consistent

Table 48.2 Maximum permitted tolerances for relative ion
intensities using a range of mass spectrometric
techniques.
Relative intensity
(% of base peak)

EIA-GC-MS
(relative)

CI-GC-MS, GC-MSn
LC-MS, LC-MSn
(relative)

>50%

±10%

±20%

>20% to 50%

±20%

±25%

>10% to 20%

±20%

±30%

≤10%

±50%

±50%

CI, chemical ionisation; EIA, enzyme immunoassay; GC, gas
chromatography; LC, liquid chromatography; MS, mass spectrometry.
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approach amongst toxicologists; however it may be that some
techniques accepted universally do not require mass spectral
confirmation (e.g. ethanol confirmation by GC flame ionisation detector (GC-FID)). However, if a single technique lacks
sufficient specificity, it is recommended that desired specificity
be achieved by analytical procedures consisting of suitable
combinations of isolation, chromatographic separation(s) and
spectrometric detection. Confirmation of the identity of a compound by MS can be verified by the use of diagnostic ions
and/or library matching. Laboratories should follow available
guidelines where possible in order to avoid identification issues
that may arise following a legal challenge. For some accredited
laboratories it is mandatory to abide and implement technical
recommendations from their respective regulatory authorities
(e.g. WADA).

Useful websites
Gesellschaft für Toxikologische und Forensische Chemie (German
Toxicology and Forensic Chemistry Society), www.gtfch.org.
Society of Forensic Toxicologists, www.soft-tox.org.
World Anti-Doping Agency, www.wada-ama.org.
(All last accessed 25 March 2013.)
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Issues Affecting Interpretation:
Stability and Artefacts

Gisela Skopp

49.1 Introduction
The term forensic toxicology covers any application of the study
and science of poisons to the elucidation of questions occurring
in judicial proceedings (Moffat et al. 2004). Chemical analyses
are used to detect and identify a foreign substance in a biological material as well as to measure its concentration. Quantification allows deciding whether a drug is present at a therapeutic
concentration or in overdose. Quantification is also important
when it may be necessary to extrapolate a concentration level
to a previous point in time; for example when investigating
alcohol in traffic offenses (Chamberlain 1995). Ethanol is one
of the substances that can not only be measured with a high
degree of accuracy, precision and selectivity in blood but the
sample may also be obtained in controlled conditions. In recent
years, detection and quantification of many compounds besides
ethanol has improved substantially. Clinical and forensic toxicologists have taken comprehensive measures to ensure the
quality of analytical assays (Peters 2007). However, the interpretation of a concentration remains a difficult task, especially
when labile compounds are involved or artefacts are existent.
The stability of analytes in a biological sample is recognised as
a key requirement in drug analysis. It largely depends on the
molecular structure of the compound and the particular
medium. Artefacts are not naturally present in body fluids or
in a corpse but can arise from drug degradation or formation.
Artificial formation of a compound or instability of an analyte
can occur at any stage of the bioanalytical process including
collection, processing, storage, extraction and analysis resulting
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in an over- or underestimation of the drug; in some cases, the
particular drug may even escape detection (Li et al. 2010).
In addition, in a postmortem toxicology investigation such
changes may have already occurred during the process of dying,
pretreatment of the corpse and the postmortem time period
(Skopp 2004, 2009).
How essential these aspects are will be illustrated by a case
that takes us back to the roots of modern toxicology. In 1850,
Count Hyppolite Visart de Bocarme was accused of having
killed his brother in law by poisoning with nicotine. After
administration of the tobacco extract he poured glass after glass
of vinegar into the mouth of the deceased. First, the examining
magistrate believed that the victim had died from drinking a
corrosive liquid. Jean Servais Stas had been asked to investigate
the case. After 3 months’ work, he succeeded in extracting
tobacco alkaloids from body fluids and tissues. An unexpected
help for him was that the organs had been soaked with vinegar
and transferred to bottles with alcohol. Both the acidic medium
and the ethanol served to prevent volatilisation of the nicotine
(Wennig 2009).

49.2 Definition of stability and
common causes of instability
and artificial formation
In clinical and forensic toxicology, stability is defined as the
capability of the sample material to retain the initial value of a
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Table 49.1 Types of stability referred to in current guidelines for
bioanalytical method validation and description
(Dadgar and Burnett 1995; Nowatzke and Woolf 2007;
Peters 2007).
Type of stability

Description and remarks

Short-term,
in-process or
bench-top stability

Evaluation of conditions used for
storage at the sampling site, during
transport and handling in the
laboratory; evaluation of additives/
preservatives

Processed sample or
on-instrument
stability

Maximum time to assess the stability
of processed samples up to
completion of data collection at the
temperature samples are commonly
exposed to

Freeze–thaw stability

Evaluation of stability during failed or
delayed analytical runs; in case of
reanalysis, three cycles at two
different concentrations are
recommended

Long-term stability

Stability in the sample matrix
Separate evaluation for each matrix in
the same tubes or containers and at
the same temperatures as expected
for authentic samples including a
matrix blank for evaluation of
possible matrix interferences

measured quantity for a defined period within specific limits
when stored under specific conditions (Shah et al. 2000; Peters
2007). The term artefact is not as clearly defined as stability; its
meaning goes far beyond that of stability and comprises any
artificial product or its appearance during a sample’s history
(see also Section 49.1).
Especially in forensic toxicology, such considerations usually
start at the time of sampling and cover the time until analysis.
The evaluation of stability should cover the containers used,
additives or preservatives, the storage and transport conditions,
the time period to sample work-up, solvents or devices encountered during sample processing and all conditions applied
during analysis (Peters 2007; Li et al. 2010). There are at least
four types of stability whose evaluation should be addressed
during the validation of quantitative bioanalytical methods
(Table 49.1).
Testing the stability of reference stock solutions and dilutions has not been explicitly considered in most studies. Also,
stability evaluation in buffer, solvent, etc. and measures to stabilise these compounds are considered useful for analytes displaying instability during the short-term stability study. Detailed
experimental approaches to assess the different types of stability are discussed in Section 49.7.
Instability or artefactual formation can commonly be caused
by enzyme degradation, deconjugation, chemical reactivity,
auto-oxidation (catechols, morphine), lactone and hydroxyl

carboxylic acid interconversion and N-oxide decomposition.
Enzyme-activated degradation is often catalysed by hydrolases
cleaving various bonds such as esters, amides, lactams or lactones. The most important hydrolases are esterases, which are
the major cause of the ex vivo degradation of drugs such as
cocaine or 6-acetylmorphine (Skopp et al. 2001a, 2001b).
Conjugation of a drug can occur via glucuronidation, sulphation, N-acetylation or via binding to glutathione or amino
acids. Glucuronidation via oxygen results in the formation of
ester or ether glucuronides; primary, secondary and tertiary
amines give rise to N-glucuronidation. Generally, ester glucuronides such as 11-nor-Δ-9-tetrahydrocannabinol-9-carboxylic
acid glucuronide, which is the major metabolite in urine following cannabis use, are less stable than ether glucuronides such
as morphine glucuronides (Skopp et al. 2001b; Skopp and
Pötsch 2002a). Many ester glucuronides are readily hydrolysed
under alkaline conditions, at a higher temperature or in the
presence of esterases; hydrolysis may be promoted by the presence of albumin in the media. β-1-O-acyl glucuronides are not
only susceptible to hydrolysis but primarily undergo acyl
migration which increases with increasing pH and/or temperature (Li et al. 2010). The resulting 2-, 3- and 4-O-acyl glucuronides are no longer amenable to hydrolysis. This compromises
not only determination of the conjugate concentration but also
that of the total drug if the sample is subjected to ß-glucuronidase hydrolysis prior to sample extraction. For example,
probenecid O-1-glucuronide is very labile and mainly decomposes to the acyl-migrated products in plasma. The initial O-1acyl glucuronide has a half-life of 0.17 hours suggesting that
this conjugate may already undergo acyl migration during
treatment of blood samples. This may serve as an explanation
that its detection in plasma has not been successful despite the
urinary excretion of large amounts of probenecid glucuronide.
At the same time, acyl glucuronides are highly reactive towards
plasma proteins or peptides such as glutathione (Akira et al.
2002). Formation of an acyl glucuronide is also a major pathway
for non-steroidal anti-inflammatory drugs such as naproxen,
diclofenac or ibuprofen, and the diuretic agent frusemide
(furosemide) (Walker et al. 2007). Instability due to deconjugation of ether glucuronides is not easily predictable (Li et al.
2010). The more rapid degradation of morphine-3-glucuronide in comparison to morphine-6-glucuronide is a result of
the negative charge of the phenolate ion being stabilised by
resonance due to electron delocalisation. Nevertheless, both
morphine conjugates exhibit excellent stability in freshly drawn,
sterile blood samples stored at room temperature. In postmortem blood samples kept in the same conditions, hydrolysis of
morphine glucuronides can be observed. The degradation rate
was obviously dependent on the particular β-glucuronidase
activities of the specimen arising from microbial invasion
(Skopp et al. 2001b).
Similar to O-glucuronides, N-glucuronides are converted
back to the respective parent compound depending on the
molecular structure of the drug and, to a lesser extent, on pH
or temperature. For example, olanzapine 10-N-glucuronide can
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Table 49.2 Prodrugs: examples and bioconversion. After Rautio et al. (2008), © Nature Publishing.
Prodrug

Functional groups amenable to
chemical modification

Example

Bioconversion

Ester

Carboxyl, hydroxyl and thiol groups

Enalapril: monoethylester of enalaprilat

Esterases

Phosphate esters

Hydroxyl or amine functionalities

Prednisolone phosphate: phosphate
ester of prednisolone

Alkaline phosphatases

Carbonates,
carbamates

Carboxyl, hydroxyl and amine groups

Bambuterol: bisdimethyl-carbamate of
terbutaline

Hydrolysis and oxidation

Amides

Carboxylic acids or amines

Valganciclovir: L-valyl ester of
ganciclovir

Intestinal and hepatic
esterases

only be hydrolysed under acidic conditions, while the conjugate
is resistant to alkaline or enzymatic hydrolysis (Li et al. 2010).
The N-glucuronide of olanzapine is also susceptible at a pH
value between 1 and 3 whereas the N-glucuronide of doxepin
is readily hydrolysed at a pH value of 11.
N-oxide metabolites are labile compounds; their degradation is further accelerated under basic or acidic conditions as
well as under exposure to light. Diphenhydramine-N-oxide is
prone to degradation when exposed to a temperature in excess
of 110°C, whereas cotinine- and nicotine-N-oxides are stable
compounds (Miller et al. 2010).
Compounds containing sulfhydryl groups or an aldehyde
moiety are unstable in biological matrices. For example, captopril does not only react with itself, but also with peptides containing sulfhydryl groups (cysteine or glutathione), or with
proteins (albumin) (Li et al. 2010).
About 5–7% of all drugs can be classified as prodrugs. Prodrugs are chemically modified derivates of the active agent that
undergo an enzymatic or chemical transformation to release
the parent drug. This strategy improves the physicochemical,
biopharmaceutical or pharmacokinetic properties of a compound concurrently causing its instability once entering the
body (Rautio et al. 2008). Some functional groups that are
amenable to this concept are outlined in Table 49.2.

49.3 Stability of drugs and
potential artefacts
49.3.1 Stability of particular drugs and
potential artefacts in blood
collected from living individuals
Stability data of drugs that are regularly determined from
forensic blood samples have been summarised in a few reviews
(Levine and Smith 1990; Skopp and Pötsch 2002b; Peters 2007).
As it would go beyond the scope of this chapter, interested
readers are referred to these references for more detail.

Some information can be gained from the molecular structure: esters, amides, lactams and lactones are susceptible to
hydrolysis; thiols and thioesters undergo oxidation; and photodecomposition has been observed for polyunsaturated hydrocarbons, aryl halo derivatives, N-oxides and compounds with
aromatic nitro groups, for example. Although the degradation
pattern may be easily postulated on the reported behaviour of
closely related drugs, caution is recommended in that for some
congeners a totally new degradation pathway might exist
(Bakshi and Singh 2002).
The poor stability of cocaine, benzoylecgonine and methylecgonine in blood, plasma or serum samples is well documented (Warner and Normann 2000; Chen and Hsieh 2005).
In vitro, benzoylecgonine is predominantly produced by hydrolysis as esterases in serum do not catalyse its formation from
cocaine, whereas the formation of methylecgonine is catalysed
by serum esterases. The rate of hydrolysis obviously increases
with increasing pH and temperature, but also depends on the
nature of the specimen. Cocaine at a concentration of 100 ng/
mL totally disappears from blood and plasma by day 8 or 3,
respectively (Baselt 1983). Alternatively, the analysis of ecgonine as a rather stable breakdown product of cocaine along with
the parent drug, benzoylecgonine and methylecgonine has been
recommended. Analysis of ecgonine is difficult because its isolation requires a rather sophisticated extraction procedure.
Nevertheless, assessment of the mass balance of all four compounds revealed that the concentrations of benzoylecgonine,
methylecgonine, ecgonine and the remaining cocaine closely
added up to 100% of the initial value of the cocaine in a stability
study using spiked samples (Skopp et al. 2001a).
Heroin and 6-acetylmophine are not detectable in blood
unless measures are taken that can only be applied in experimental studies. Both analytes can be determined from blood
samples that have immediately been treated with ice-cold acetonitrile and methanol in an ice bath (Karinen et al. 2009). In
contrast, morphine and its glucuronides exhibit excellent stability even when stored at room temperature in whole blood;
however, analytes are prone to photodegradation in plasma to
a limited extent (Skopp et al. 2001b), where a free radical reaction may be involved (Yeh and Lach 1961). Opioids such as

876

PART VII   TOXICOLOGY

buprenorphine, codeine, fentanyl, methadone, oxycodone, tilidine and tramadol including major metabolites appear to be
reasonably stable when stored at –20°C or subjected to freeze–
thaw cycles (Rook et al. 2005; Musshoff et al. 2006). When
stored at –25°C, buprenorphine is stable in spiked blood for
approximately 3–4 months (Hadidi and Oliver 1998), and up
to 24 or 125 days when stored at room temperature or at 4°C,
respectively (Moody et al. 1997). Fentanyl is readily oxidised
and also degraded when exposed to heat or acid (Garg et al.
2010).
Delta-9-tetrahydrocannabinol (THC) is subject to degradation when exposed to oxidation, elevated temperatures or active
surfaces such as glass or plastic. The acyl glucuronide of 11-nor9-carboxy-Δ-9-tetrahydrocannabinol (THC-COOH) is readily
converted to the free acid depending on time and temperature
(Wong et al. 1982; Skopp and Pötsch 2002a). Its concentration
significantly decreases within 2 days of storage at 20°C, and at
least 5% of THC-COOH is liberated during this period. Stability can be achieved for 7 days when samples are stored at 4°C.
Since the degradation rate is faster in plasma compared with
urine it suggests that plasma proteins may be involved in
de-glucuronidation. A comparison of the disappearance rates
of acyl glucuronides in buffer and in a solution of buffered
albumin indicated that hydrolysis of these glucuronides is catalysed by albumin (Wong et al. 1982; Chen and Hsieh 2005).
Peters et al. (2003) performed a comprehensive study on the
stability of amphetamines and amphetamine derivatives as well
as on piperazine-derived designer drugs over three free–thaw
cycles and in processed samples over 32 hours. All the compounds were stable except 4-methylthioamphetamine. A study
by Clauwaert et al. (2001) observed no instability in whole
blood and serum spiked with methylendioxyamphetamine,
methylenedioxymethamphetamine and methylendioxyethylamphetamine even in samples that had been stored at 20°C over
21 weeks. However, analysis of low concentrations of methylenedioxyethylamphetamine and methylenedioxyamphetamine
in blood had been compromised by interferences arising from
the adulterated matrix.
Benzodiazepines and the so-called ‘z-compounds’, zopiclone
and zolpidem, show quite different degradation rates. A longterm stability study including 13 benzodiazepine tranquillisers
revealed complete degradation of lorazepam, flunitrazepam
and its desmethyl metabolite in both blood and plasma stored
for 8 months at 4°C. The concentration of all other compounds
had decreased to at least 60% of the initial concentration.
Neither protein binding nor partition into erythrocytes allowed
a conclusive explanation of the different degradation rates
(Skopp et al. 1999). Even when stored at –20°C for a time period
of 1 year, a decrease between 10% and 20% of the starting
concentration could be observed for five benzodiazepine-type
drugs (El Mahjoub and Staub 2000). Zopiclone is a very labile
compound; similar to flunitrazepam, its stability is less than 1
day in blood stored at ambient temperature and about 3 months
at –20°C (Nilsson et al. 2011). This study is also worth noting
in that instability did not differ between authentic and spiked

samples. Bhatt et al. (2006) observed no instability of zolpidem
in samples stored for 60 days at 70°C; mean percent changes
<13% were estimated from plasma stored at room temperature
and from processed samples in the autosampler (5°C) after 6
and 24 hours, respectively. A comprehensive overview on the
stability of antidepressants, neuroleptics, antiepileptics and cardiovascular drugs is given by Peters (2007). Drugs that are not
stable during long-term storage at –20°C are olanzapine and
amprenavir. Enantioselective degradation of methylphenidate
has been reported after storage at ambient temperature and at
–20°C; the concentration of the drug decreased by 64–71%
when stored in plasma at room temperature for 24 hours.

49.3.2 Stability of major drugs and
potential artefacts in urine
collected from living individuals
Urine is generally free from protein, lipids and enzymatic activities such as esterases but has a wide variation in its composition and a wide range of pH values. Also, a wide range of
microorganisms can contaminate urine. Microorganisms frequently found in urine are species of the normal, microbial
flora, pathogens due to urinary tract infections and laboratory
contaminants (Tsivou et al. 2011). Skin bacteria and intestinal
microbes may contaminate a sample during its collection. Some
bacteria (e.g. Escherichia coli, which is a common resident of
the intestines) contain glucuronidase activities which are effective in hydrolysing glucuronides. Short-term and freeze–thaw
stability is often included in the validation of bioanalytical
methods but long-term stability of drugs in urine is rarely
presented.
Cocaine is readily hydrolysed in urine samples; hydrolysis is
increased under alkaline conditions and also in severely contaminated urine samples. A substantial loss of cocaine occurred
even in urine fortified with 1% sodium fluoride and stored at
–20°C (Levine and Smith 1990). Another investigation considered the addition of sodium fluoride as an insignificant factor
in cocaine’s stability in urine (Baselt 1983). Benzoylecgonine
did not degrade in authentic samples stored at –20°C for 1 year
– except at a basic pH value – whereas cocaine decreased by
36% (Dugan et al. 1994). The stability of methylecgonine and
ecgonine in urine has not been studied so far.
Heroin and 6-acetylmorphine spontaneously hydrolyse in
urine dependent on temperature, time and pH value (Smith
et al. 1978). A significant loss of heroin could be observed
during 24 hours when stored at room temperature; lowering
the temperature to 4°C at least prevented loss of heroin. Hydrolysis of noscapine, an impurity of illegal heroin preparations,
readily occurred even in samples stored at 4°C (Dams et al.
2003). Total morphine and codeine concentrations slightly
decreased in authentic urine samples from heroin users when
stored in the freezer and refrigerator, while that of the respective
free compounds showed a moderate increase. The per cent
losses after a storage period of 11 months was similar for
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samples stored in freezer or refrigerator conditions. Degradation of total morphine in samples kept at room temperature
progressed faster with unpredictable changes of the pattern of
free morphine and free codeine, which is also a common ingredient in illicit morphine used to prepare heroin (Lin et al. 1995).
THC-COOH appears to be stable in spiked samples stored
in silanised glass at –20°C for long periods of time (Levine and
Smith 1990; Paul et al. 1993). However, urine is usually collected in plastic containers where an adsorptive loss may occur;
also, adsorption on borosilicate glass surfaces has been reported
(Paul et al. 1993). The lower solubility of THC-CCOH in urine
decreases at both a lower temperature and higher salt concentration, promoting adsorption on container walls. One should,
however, be aware that samples spiked with THC-COOH did
not reflect the situation present in authentic samples. In urine,
the acid exists primarily as the labile glucuronide whereas free
THC-COOH is present in minute amounts, if at all. Stability
of the glucuronide can be ascertained in samples stored at
–20°C over 10 days. Deconjugation occurs readily at a storage
temperature of 4°C; although liberation of the free compound
can be attributed mainly to chemical hydrolysis, an estimation
of the mass balance indicates a minor contribution of additional processes to the glucuronide’s instability (Skopp and
Pötsch 2002a).
Concentrations of amphetamine, methamphetamine and
3,4-methylenedioxy derivatives did not decrease in unpreserved
urine samples stored at –20°C for 122 weeks or at room temperature for about 21 weeks (Clauwaert et al. 2001). The formation of amphetamine from methamphetamine could not be
observed even in severely contaminated samples. When samples
were fortified at three different concentrations of amphetamine
and kept at 25°C, results were within 25% of the original concentration after 6 months (Hughes et al. 1991).
Nitrobenzodiazepines are readily converted to the corresponding 7-amino metabolites by bacteria. Degradation of
these metabolites has also been observed for example with
7-aminoflunitrazepam. Degradation of 7-aminoflunitrazepam
did not occur in urine samples that had been stored at –20° or
preserved by both sodium azide and filtration sterilisation after
specimen collection (Zaitsu et al. 2008).
Lysergic acid diethylamide (LSD) has been shown to rapidly
decompose in urine specimens exposed to light or elevated
temperatures. LSD, N-desmethyl-LSD and 2-oxo-3-hydroxyLSD decreased to 3%, 21% and 69% of the initial concentrations, respectively, following exposure to natural sunlight
behind window glass for 24 hours. Thermal degradation of
2-oxo-3-hydroxy-LSD and N-desmethyl-LSD is far lower than
of the parent compound if stored under the same conditions.
LSD totally degrades within 3 days at 4 and 22°C when protected from light; whereas all three compounds were stable at
–20°C (Skopp et al. 2002).
Ethyl glucuronide turned out to be a useful marker of
ethanol consumption with a far longer window of detection
than ethanol itself. Small variations averaging +9.2% were
observed upon storage in airtight tubes after 5 weeks’ storage
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at 4°C. In ventilated samples stored at ambient temperature,
ethyl glucuronide increased by 37.5% on average, the increase
being in part due to a loss of water (Schloegl et al. 2006).

49.3.3 Stability of drugs and formation of
artefacts in postmortem specimens
There are many additional and unique aspects of a drug’s instability or the formation of artefacts in postmortem cases where
extensive changes of the corpse, sample and analyte must be
considered (Skopp 2004; Flanagan and Connally 2005a).
Beyond considerations of stability, postmortem changes referring to all processes by which the movement of a drug between
body fluids and tissues takes place are considered to be serious
and troublesome. This phenomenon is gathered under the
generic term of postmortem redistribution and must be considered for all but a few drugs (Cook et al. 2000). The underlying mechanisms have been reviewed by Pelissier-Alicot et al.
(2003, 2006), Yarema and Becker (2005), Drummer (2004,
2007, 2008) and previously published references cited in these
sources. Parallel or opposed effects to those resulting from
postmortem redistribution may arise from an increase in drug
concentration, the degradation of labile compounds and the
formation of new entities.
Enzymes naturally present in the body cause autolysis, while
putrefaction is due to destruction by microorganisms. The pH
value in blood immediately drops to a minimum of 5.5 after
death has occurred, and a decrease in water content can often
be observed in blood samples. Haemolysis is seen with most
blood specimens, which can be fluid, clotted or partially clotted.
Bacterial contamination and propagation can be particularly
severe in postmortem specimens (Skopp 2004).
Wyman et al. (2011) reported on the fate of 16 drugs that
had been monitored in tissues from decomposing pigs for 7
days. A temporal increase could be observed for all drugs in
decomposing muscle; however, the only increase in concentration found to be statistically significant was that of amitriptyline. In liver, 10 of the 16 substances were increased to a
statistically significant level. The difference observed between
liver and muscle has been attributed to a greater loss in tissue
mass. An increase of drug levels with increasing postmortem
interval was still evident after data had been normalised by
calculating the total amount in the liver or by estimating the
concentration as micrograms/gram dry liver.
Stability data for drugs in postmortem specimens have
recently been reviewed (Skopp 2004, 2009; Drummer 2008,
2010). Possible mechanisms operating on drugs during the
postmortem interval are given in Table 49.3. The break down
of benzodiazepines can be attributed to chemical hydrolysis or
bacterial action (Robertson and Drummer 1998; Skopp 2004).
The role of bacterial activities in the rapid bioconversion of
nitrobenzodiazepines and respective amino metabolites has
been elucidated in detail by Robertson and Drummer (1998).
The long-term stability of estazolam and alprazolam can be
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Table 49.3 Possible mechanisms operating on drugs postmortem.
Examples modified from Skopp (2004).
Mechanism

Example(s)

Chemical
instability

Hydrolysis, e.g. of heroin, cocaine,
O-acyl- and N-glucuronides
Oxidation, e.g. of morphine or sulphurcontaining drugs

Metabolic
instability

Hydrolysis of ester-type drugs and phase
II metabolites
Reduction, e.g. of nitrobenzodiazepines

Metabolic
production

Oxidation, e.g. of thioridazine
Ethanol, γ-hydroxybutyrate, carbon
monoxide, cyanide, methaemoglobin

explained by the triazolo rings in their structures which make
these compounds more resistant to hydrolysis (Alfazil 2009).
Conversion of morphine glucuronides to the parent drug in
postmortem blood is obviously due to residual or bacterial
glucuronidase activities (Skopp 2004).
Ethyl glucuronide has been suggested as a marker of antemortem ingestion of alcohol in cases where postmortem production of ethanol is questioned. As ethyl glucuronide is
unstable a negative result may also arise from its degradation.
Therefore, determination of ethyl sulphate being more stable
due to the lack of sulphatases in bacteria along with ethyl glucuronide has been recommended (Hoiseth et al. 2010). Artificial formation has been observed with ethanol, γ-hydroxybutyrate
(GHB), cyanide, carbon monoxide and methaemoglobin
(Skopp 2004) (Table 49.3).
Almost 100 different species of bacteria, fungi and yeast are
able to produce ethanol in postmortem species (Kazmierczak
and Azzazy 2008), penetrating from the intestines or from the
skin as part of the postmortem degenerative processes. Its formation may be more pronounced after severe trauma and at an
elevated temperature. Ethanol is formed in postmortem blood
at increasing levels as putrefaction increases. The mean concentration of an unambiguous production was 0.062%; in isolated
cases, however, levels of 0.3% have been observed. The determination of putrefactive products has been suggested as an
indicator to differentiate postmortem production of ethanol
from its actual presence at the time of death. A recently published study reports the detection of butan-1-ol and propan1-ol as potential markers of putrefaction (Ehrlich et al. 2010).
Nevertheless, an estimation of the ethanol synthesis based on
propan-1-ol or other short chain alcohol concentrations may
be questionable due to the highly variable formation rates and
to ingestion as a possible source. The determination of ethanol
in blood should be supported by analyses from other fluids,
such as vitreous humour; muscle may be an alternative specimen to blood in cases where body fluids are not available. The
formation of ethanol can be prevented by refrigeration of the
body within a few hours of death (Skopp 2004).

Precursors of GHB such as γ-butyrolactone and 1,4-butandiol
are often involved in fatalities. Following oral administration,
both compounds are spontaneously metabolised into GHB. In
postmortem peripheral blood or in samples of unspecified
sources, endogenously formed GHB has been found to reach
levels up to 44 and 197 mg/L, respectively; which overlap with
those of reported fatalities ranging from 27 to 2937 mg/L.
Although analysis of additional samples such as urine and vitreous humour and cut-off values of 30 or 50 mg GHB per litre
of blood have been proposed, discrimination of a GHB concentration that has been formed postmortem from that resulting
from antemortem ingestion is challenging. The production of
GHB can be slowed by the addition of sodium fluoride and
freezing of the samples as soon as they have been collected
(Andresen et al. 2011).
The amount of carbon monoxide in blood may increase due
to postmortem formation by decomposition of haemoglobin
and myoglobin during putrefaction, especially in case of drowning. As smoking may be a common source of carbon monoxide
haemoglobin, a cut-off value of 10% has been suggested (Sato
2005).
Bone marrow may be an alternative specimen in severe
putrefaction. As long as the bone is not broken, bone marrow
is well protected against environmental influences. Stability of
drugs in the bone marrow has predominantly been examined
in animal models. Methamphetamine was found to be stable
over 2 years when bone samples were stored in a dry environment, whereas opioid levels showed a substantial decrease over
a few weeks in buried bones (Cartiser et al. 2011).

49.4 Sampling artefacts and
measures to increase
drug stability
The nature and integrity of a sample submitted for analysis
largely defines the reliability and relevance of any analytical
result (Flanagan et al. 2005b). Therefore, proper sampling into
containers that minimise alterations of the drug concentration
and adequate measures to maintain the original concentration
and/or metabolite pattern is a specific challenge.
The degree of adsorption varies not only with the container
material but also with the amount of drug present, the amount
of body fluid or tissue in the tube or container, the environmental temperature and the duration of exposure (HammettStabler 2008). The best material is glass; nevertheless, most
laboratories, police stations or public authorities have moved
from glass to plastic tubes for safety reasons. If a container is
badly filled up, volatiles will evaporate and an oxidative loss of
drugs may occur, whereas the container or its lid may break
upon freezing if it is filled to a minimum headspace. Plastic
containers should not be used for volatile analysis since loss of
the analytes may occur by adsorption at, absorption in or diffusion through the walls of the containers, especially if storage
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is prolonged (Flanagan and Pounder 2010). Instead, glass tube
sample collection is preferred with tightly fitting closures and
a Teflon- or aluminium foil-lined lid. The size of the headspace
above the sample and the temperature at which the sample is
opened influence the loss of volatiles prior to analysis. There is
very little information regarding the suitability of tubes or containers, and it is left to the individual laboratory to validate
them. Also, there is no obligatory requirement for specimen
preservation, which applies to blood specimens in particular.
For most analyses blood is the preferred specimen with
regard to actual impairment or intoxication. Blood, plasma or
serum contain a large number of hydrolytic enzymes such as
esterases, deamidases, phosphatases and others. Stability in
blood or blood-derived fluids is a concern when the compound
contains a functional group that is susceptible to hydrolysis,
oxidation or reduction (see Table 49.3 and Section 49.3.1).
Partition into red blood cells can protect compounds from
enzymatic attack and reduce decomposition. Besides the use
of appropriate containers, the addition of preservatives or
additives can be critical for identifying a substance. Generally,
anticoagulants are not recommended (Skopp 2004). If an anticoagulant or different anticoagulants are used, however, there
is a need to perform a complete validation of the particular
analytical method. Even use of the same anticoagulant but different counter ions (e.g. K3- and K2-ethylene diaminetetraacetic acid (EDTA)) may affect preprocessed stability in blood;
as K3-EDTA plasma is approximately 0.4 pH units greater than
K2-EDTA, plasma extraction that is susceptible to pH changes
requires associated validation experiments (Savoie et al. 2009).
Degradation of 6-acetylmorphine and cocaine may be slowed
by preserving the sample with sodium fluoride. An accumulation of methylecgonine has been observed if fluoride is present;
acidification and storage at 4°C of blood decreases the formation of benzoylecgonine from cocaine. Acidification may not
only stabilise cocaine but also N-glycosides (Skopp 2009).
Sodium fluoride has been suggested to prevent formation of
ethanol in postmortem blood; nevertheless, in vitro formation
of ethanol has been observed in samples containing fluoride
(Hoiseth et al. 2008). Preservation with sodium fluoride at a
final concentration of 1–5% has been recommended to stabilise
cyanide, carbon monoxide and GHB in blood. It also stabilises
lorazepam and oxazepam by approximately 13% compared
with unpreserved samples (Alfazil 2009). However, fluoride
should not be added when organophosphorous compounds are
involved. The addition of citrate was reported to cause an in
vitro increase of GHB in blood following long-term storage
(Andresen et al. 2011). Apomorphine can be adequately stabilised by adding ascorbic acid; however, the additive may lead to
a decrease of N-oxides, converting them back to the parent
drug. Chlorpromazine and clozapine can be cited as examples
(Skopp 2004).
The dried blood spot (DBS) sampling technique has emerged
as a new dimension of sample collection and storage with many
benefits (Li et al. 2010). The filter paper matrix appears to
provide a degree of protection against degradation that is not

879

present in conventional blood samples. Although the DBS technique has only been tentatively used in forensic toxicology
(Jantos et al. 2011), its application dates back to the early 1960s
when Robert Guthrie first began to collect blood spot samples
from newborns to detect phenylketonuria. More recently, DBSs
have been used in disease surveillance efforts in developing
countries as well as in drug monitoring in paediatrics (McDade
et al. 2007; Edelbroek et al. 2009). Collection papers are manufactured from high purity cotton linters that are tested to ensure
that the filter paper as well as the printed collection form meets
performance standards for sample absorption and lot-to-lot
consistency. Dried samples are stored in plastic bags or containers, preferably with a desiccant pad that contributes to the
stability of analytes.
As with any collection device it is recommended that the
stability prior to sample collection is evaluated. Although the
paper stabilises most analytes in DBSs, the rate of sample degradation will vary by analyte. For example, 6-acetylmorphine
appeared to be stable in DBSs, whereas zopiclone degrades to
2-amino-5-chloropyridine although at a slower rate as compared with whole blood. Assessment of the mass balance of the
parent compound and 2-amino-5-chlorpyridine revealed that
these concentrations closely add up to 100% of the initial value
with due consideration of measurement uncertainty (G. Skopp
and R. Jantos, unpublished results). For long-term storage,
freezing of DBSs is recommended.
The interest in the use of oral fluid as a biological matrix has
significantly increased during recent years for monitoring drugs
of abuse in the workplace, in clinical toxicology and, particularly, in driving under the influence of drugs programmes
(Bosker and Huestis 2009). Saliva is excreted from three pairs
of major and many smaller salivary glands. In the oral cavity,
saliva is mixed with oral mucosal transudate and gingival crevices, and the resulting mixture is called oral fluid. Chewing
parafilm to stimulate the excretion of saliva can result in drug
absorption and may alter the initial drug concentration (Gallardo and Queiroz 2008). Recovery of the drug from the collection device and its stability in the medium are major issues.
Collection of oral fluid may be hampered by absorption of
drugs to the device which can lead to a false-negative result
(Bosker and Huestis 2009). This problem has been addressed
by adding surfactants and eluting drugs with buffers. The
device and supplies being proprietary, it is not possible to
predict when stability might be an issue. Therefore, care should
be taken using a particular device to avoid drug absorption
on device components as well as insufficient recovery due to
degradation.
Whereas the nature of the sampling device has been largely
recognised as a major problem in oral fluid testing, the stability
of drugs in this medium has been ignored. There is little evidence that drugs are reasonable stable in oral fluid. Heroin and
6-acetylmorphine are very rapidly cleared from blood or are
degraded further in vitro; 6-acetylmorphine can be detected in
urine for a short time following drug use and it is detectable in
oral fluid, sometimes together with heroin (Bosker and Huestis
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2009). The freeze and thaw stability of 21 psychoactive drugs
showed no significant deterioration or loss (>20% of the initial
concentration) except zopiclone, which decreased to 61–67%
of the starting concentration (Concheiro et al. 2008). Following
a 48–72-hour shipment, on average 9–12% of 6-acetylmorphine
and 26–41% of cocaine was converted to morphine and benzoylecgonine, respectively (Ventura et al. 2009); the mass
balance was not estimated in this study.
Analysis of urine specimens is an indispensable part of
drug enforcement procedures as well as in forensic and workplace testing. These samples may have some complicated features, as outlined in Table 49.4. Sodium azide is suggested to
accelerate degradation of both cocaine and 6-acetylmorphine
supposedly via a nucleophilic attack of the azide anion on the
carbonyl carbon of the ester moiety. In another study, chemical
preservation of urine specimens did not affect stability of

Table 49.4 Intrinsic factors and requirements of a urine sample.
Unavoidable
circumstances

Requirements

Aseptic collection is
impossible

Precaution measures for long-term
storage for reanalysis or analysis of
sample ‘B’

Bacterial
contamination may
be present

Selection of a low cut-off value of the
analytical assay near the limit of
detection

Unknown drug or
concentration

Necessity to identify trace
metabolites or products of
decomposition

Exposure to ambient
temperature

Consideration of labile conjugates and
oxidative or reductive activities

6-acetylmorphine (Fuller and Anderson 1992). Benzoylecgonine, which is a major metabolite or degradation product of
cocaine in urine, exhibited excellent stability for 5 days at pH
values of 2 and 6 even at a temperature of 20°C; also, hydrolysis
of cocaine for the same period of time at a pH value of 2 was
insignificant, but not at a pH value of 6 where the degradation
rate increased with increasing temperature (Gheorghe et al.
2008). The instability profile of methylecgonine closely resembles that of cocaine.
Hair, offering a retrospective detection window wider than
blood or urine, is steadily gaining recognition as a useful
adjunct in conventional drug testing. In recent years, identification of drugs in drug-facilitated crimes is an emerging field as
their detection in the low pg/mg range in hair has become
feasible with substantial progress in mass spectrometry (Scott
2009). Segmental analysis for drugs in hair samples collected
postmortem can provide detailed information of recent and
past drug use, thus improving the diagnostic accuracy of fatal
poisonings (Kronstrand and Druid 2007).
Drugs are usually stable in regularly treated hair; moreover,
hair appears to stabilise labile compounds providing favourable
environmental conditions. Most prominent examples are
ester-type drugs such as cocaine and heroin; but acepromazine,
which is completely degraded in blood – possibly to
2-(1-hydroxyethyl)promazine amongst others – has also been
successfully identified in hair (Gaulier et al. 2008). There are
several studies on the effects of cosmetic treatment of hair
clearly indicating a decrease of drug concentrations depending
on the analyte, pre-existing damage of the hair and the treatment conditions (Yegles et al. 2000; Gallardo and Queiroz 2008)
(Table 49.5), and a very few studies dealing with drug changes
following weathering of hair (Skopp et al. 1997a, 1997b, 2000).
Hair samples should be stored at room temperature and protected from humidity and light to avoid drug loss (Musshoff
and Madea 2007).

Table 49.5 Pre-analytical influences affecting stability of drugs in hair.
Analyte/sample

Environmental or
cosmetic influence

Remaining drug concentrations following
exposure of hair

THC, CBN, CBD/authentic hair
specimens

Weathering during 8–10
weeks

Positive findings of THC in four out of 17 initially
positive samples; CBD and CBN are not as
labile as THC

Skopp et al.
2000

6-Acetylmorphine, morphine,
dihydrocodeine, cocaine,
benzoylecgonine/authentic
samples

Weathering during 3
months

Dihydrocodeine (100%) > cocaine >
benzoylecgonine > morphine, 6-actylmorphine
(0–34% of the initial concentration)

Skopp et al.
1997b

6-Acetylmorphine, morphine,
dihydrocodeine, cocaine,
benzoylecgonine/authentic
samples

Single bleaching (B) or
permanent wave (P)
procedures

Average % of drug concentration following B/P:
6-acetylmorphine: 22%/48%; morphine:
41%/60%; dihydrocodeine: 47%/54%; cocaine:
34%/34%; benzoylecgonine: 50%/62%

Skopp et al.
1997a

Benzodiazepines/authentic
sample

Single bleaching
procedure

Diazepam: 60%; nordiazepam: 32%;
7-aminoflunitrazepam: 38%

Yegles et al.
2000

Reference
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49.5 Influence of storage
Knowledge about time-dependent changes of a drug’s concentration in a biological matrix during short- and long-term
storage is of exceptional significance. There may be a delay of
a few days for an initial testing, while the final analysis may be
performed days or weeks after the sample has been taken.
Forensic laboratories have to keep all samples including ‘B’
samples for a time period of many weeks to enable reanalysis
or analysis if requested. Comprehensive data on the storage
stability for ‘classic’ drugs of abuse in blood were reported in
1989 (Levine and Smith 1990) and were updated in 2002
(Skopp and Pötsch 2002b). Since then, numerous systematic
studies have been performed for individual drugs under various
storage conditions (Peters 2007). Aspects of instability in postmortem samples are also covered by several reviews (Ellenhorn
1997; Leikin and Watson 2003; Peters 2007). Often, the particular matrix has not been considered, and stability of drugs in
tissues has very rarely been reported. Some of the degradation
mechanisms seen during storage are similar or even the same
as those discussed in Section 49.2.
Approaches to maintain stability such as pH adjustment
and the addition of inhibitors or antioxidants have also been
addressed above. A commonly encountered condition in the
forensic laboratory is lowering of the temperature, which will
decrease all changes occurring through chemical hydrolysis,
oxidation or reduction and metabolic activities. For example,
if stored at room temperature, the cholinesterase activity in
blood hardly declines for 3 weeks. The highest enzyme activities
are present in the liver, but can also be found in other tissues
such as the kidneys and brain (Yarema and Becker 2005). As
degradation takes place even at 4°C, immediate freezing of
specimens is recommended. The majority of analytes in blood
are sufficiently stable when stored at –20°C for about 12 months,
except 7-aminonitrazepam, tetrahydrocannabinol and zopiclone, for example (Peters 2007). Methaemoglobin levels rise as
an apparent effect of frozen storage (Wallace and Curry 2002),
whereas storage at –80°C is most desirable for a reliable determination of carbon monoxide in blood (Sato 2005).
Testing of inhalants, aerosol propellants such as propane and
butane, fuels, chlorinated solvents and amyl nitrite is not only
difficult as a result of their volatility but also because of their
instability. A loss of up to 25% of blood toluene has been
observed in sealed glass tubes stored at room temperature for
7 days, and a still higher loss was noted in glass tubes with
rubber stoppers (Saker et al. 1991). A total loss of chloroform
occurred from blood stored at room temperature, which has
largely been attributed to chloroform being lost as a result of
opening the storage tube.
Chlordiazepoxide tends to form desoxychlordiazepoxide
during storage and further degrades to nordiazepam, which
also represents a metabolite and an artefact in the analysis of
the parent drug by gas chromatography (GC) (Skopp 2004).
Some drugs undergo interconversion during storage. Ex vivo

cis/trans-isomerisation has been observed with retinoids, which
are prone to photochemical and oxidative degradation as well.
Conversion of the trans- to the respective cis-isomer has been
reported for the calcium channel antagonist lacidipine (Baranda
et al. 2006).
Cyanide is unstable in stored blood samples. A significant
decrease in blood cyanide concentration has been attributed to
mechanisms that include evaporation, thiocyanate formation
and reaction with specimen components. Temperature and
cyanide concentration are apparently important factors in these
changes (Ballantyne 1976). Conversely, an average increase of
35% of cyanide in unconditioned samples (n = 14) following
storage of 25–30 days has been shown. If sodium fluoride (2%)
was added to postmortem samples upon their collection, the
concentration of cyanide in pretreated samples did not differ
from their initial concentrations (McAllister et al. 2011).
Storage of oral fluid samples that have been spiked with
benzodiazepines were stored in the collecting device (Dräger
DCD 5000, Drägerwerk, Lübeck, Germany) either without
further treatment or following the addition of 950 μL methanol
up to 14 days at ambient temperature. Changes of negative
controls in the respective devices and of the spiked medium as
well as of pure substances in methanol kept in Eppendorf
(Hauppauge, NY, USA) tubes, respectively, were also monitored. Ratios of 85–115% between reference samples were used
as a criterion of stability. Instability was already observed after
2 days of storage, and recovery was less than 60% for all benzodiazepines kept in the original device without methanol
having been added. In samples stored with methanol as a preservative, concentrations decreased by 20% at the most. Benzodiazepines that are not stable in oral fluid are chlordiazepoxide,
flunitrazepam and clonazepam (Kempf et al. 2009).
Sometimes it is necessary to perform an analysis on specimens stored in formaldehyde or having been collected from an
embalmed body. Embalming fluid is based on formaldehyde
with final concentrations of 5–20% at acidic or neutral pH
values, and usually also contains alcohols (Gannett et al. 2001a).
Formaldehyde being a highly reactive chemical agent can mask,
alter or destroy a drug. Most likely reaction pathways are
through hydrolysis and/or methylation via the Eschweiler–
Clarke reaction (Fig. 49.1). For example, methylation of
nortriptyline to amitriptyline occurs during formalin fixation
and storage (Dettling et al. 1990). Methylation has also been
observed with amphetamine-type drugs, barbiturates, benzodiazepines and fenfluramine (Gannett et al. 2001b; Tracy et al.
2001; Cingolani et al. 2005; Tirumalai et al. 2005). Interestingly,
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some drugs appear to be reasonably stable in formalin such as
diazepam, chlorpromazine and succhinylcholine (Forney et al.
1982; Nishigami et al. 1995).

49.6 Instability of drugs and
artificial formation during
processing and analysis
Although the history of a sample appears to be most relevant
to degradation of a drug and/or production of artefacts, such
processes may also take place during isolation and determination of a drug. Generally, even the most promising method
should consider errors from all sources (Savoie et al. 2009).
Chromatography has been the mainstay of drug analysis for
many years. Drug analysis is mostly preceded by extraction into
an organic solvent for partial purification of a biological fluid
or a tissue homogenate. Lipophilic compounds will readily be
extracted by non-polar solvents. The formation of methochloride adducts has been reported to occur during isolation of
clozapine, olanzapine and ofloxacin using dichloromethane
(Mohammadi et al. 2008). Phosgene, which may be present in
chloroform, reacts to form carbamate derivatives during isolation of tricyclic antidepressants (Wester et al. 1981).
The more polar solvents being partially miscible with water
will also remove water-soluble materials. As a result, drug conjugates are transferred into the organic phase. If phase II metabolites are subsequently hydrolysed, erroneously high levels of
the parent drug will result (Mauden et al. 2000; Skopp and
Pötsch 2002a). Conjugate instability is most common with
labile conjugates such as N- or O-acyl-glucuronides; for
example, silylation of co-extracted THC-COO glucuronide
resulted in the formation of THC-COOH (Skopp and Pötsch
2002a; Shipkova et al. 2003). The analysis of solvents or volatiles
such as chloroform is usually performed using blood. Whole
blood should be preferred over plasma because removing
serum or plasma from the sample already enhances the risk of
loss of volatiles (Flanagan and Pounder 2010). Glucuronidase/
arylsulphatase used for cleavage of phase II metabolites has
been suggested as a source of a cyclo dipeptide which has been
assigned as a possible dihydroergotamine artefact in a screening
procedure (Theobald et al. 2005).
During a methanolysis deconjugation step, artefactual formation of 4-androsten-3,17-dione and androsterone from the
internal standards [16,16,17-d3]-testosterone and [16,16,17d3]-5α-androstane-3α,17ß-diol has been observed. This is
achieved through enzymatic oxidation of the 17ß-hydroxyl
function to a 17-keto function by 17ß-hdroxysteroid dehydrogenase and deuterium–hydrogen exchange at the 16C atom
(Kwok et al. 2008).
Norfluoxetine is degraded under acidic hydrolysis by ether
cleavage and water elimination. Both tranylcypromine and the
norfluoxetine artefact are isobaric compounds showing similar
electron impact mass spectra with or without derivatisation
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(Schwaninger et al. 2010). Buprenorphine and norbuprenorphine undergo an acid-catalysed rearrangement when exposed
to acid and heat by overall elimination of a molecule of methanol with concurrent formation of a tetrahydrofuran ring (Fig.
49.2). Degradation of norbuprenorphine is faster than that of
buprenorphine, which may serve as a likely explanation for
discrepant results of hair analysis reported in the literature. The
concentration of both analytes will be underestimated if recovered by acidic procedures (Cone et al. 1984; Skopp et al. 2011).
Lactone–hydroxyl carboxylic acid interconversion presents a
challenge in quantitative analysis, which typically occurs for
statins (e.g. simvastatine). The parent drug is available as a
γ-lactone and readily metabolises to the corresponding active
β-hydroxy acid. This metabolite can convert back to the lactone
form at a low pH value while the parent compound readily
undergoes hydrolysis under acidic as well as under basic conditions (Li et al. 2010). Minimum interconversion was seen with
simvastatine following extraction at a pH value of 4 maintaining the acidic analytes in a non-ionic lipophilic form. A flash
freezing step to separate the organic layer from the aqueous
helped to retain the polar matrix in the frozen phase (Patel
et al. 2008).
It is often necessary to evaporate extracts in order to reconstitute them into small volumes for transfer to chromatography.
Loss by adsorption or volatilisation has been described for
several drugs during extraction and evaporation. The loss of
tricyclic antidepressants during sample processing was as high
as 50%; the addition of 0.05% diethylamine before evaporation
significantly increased the recovery of amitriptyline, nortriptyline, imipramine, desipramine, doxepin and nordoxepin (Tserng
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et al. 1998). The adsorption losses can be prevented, for example
by silanisation of glassware or by including a solvent, such as
amyl alcohol, as an additive to the extracting solvent or prior
to evaporation. Volatilisation of amphetamines can be solved
by converting them to their non-volatile hydrochloride salts
(Chamberlain 1995).
Gas chromatography coupled to mass spectrometry
(GC-MS) in the electron impact ionisation mode is generally
accepted for an unequivocal identification for most drugs, and
provides the best confirmatory information. Trazodone and
nefazodone, for example, are not suitable for measurement by
GC due to thermal instability (Garg 2008). A source of chloroform in blood on headspace GC was from thermal decomposition of trichloroacetic acid at a temperature of 60°C (Flanagan
and Pounder 2010). Trichloroacetic acid is a metabolite of the
solvent trichloroethylene or of chloral hydrate with an elimination half-life of 3–5 days. Further valuable information on artefacts is covered by a few reviews (Skopp 2009; Drummer 2010;
Baselt 2011).
Liquid chromatography coupled to mass spectrometry
(LC-MS) is a strongly emerging technique. Today, tandem mass
spectrometry (MS/MS) is preferably used employing two stages
of mass analysis with an interposed collision cell in order to
examine selectively the fragmentation of ions in a mixture of
ions. Precursor ions and co-eluting components are resolved in
the first mass analyser by their mass to charge ratios; detection
in the second mass analyser is based on unique product ions
whose formation by fragmentation in the collision cell is specific for a compound’s structure. During instrumental analysis,
conversion of analytes can arise from degradation occurring on
the column due to the chosen mobile phase or the ion source.
Labile molecules can fragment during the ionisation process
(in-source transformation) before entering the first mass analyser. This fragmentation is prominent with N-oxides or conjugates and can result in an overestimation of the parent
compound. Misinterpretation may also be the case if chromatography fails to separate the parent compound from its oxides
or conjugates. For example, baseline separation of clozapine
from its N-oxide and N-desmethyl metabolite is mandatory to
allow a reliable determination of all three analytes. Chromatographic analysis of acyl glucuronides may also be confounded
by the fact that these compounds are isomeric and have very
similar LC retention times and mass spectral properties. Selectivity can be achieved in an LC-MS/MS assay through a total of
three stages of separation (Li et al. 2010). Lactonisation of a
carboxylic acid metabolite can generate the same precursor ion
as the corresponding lactone, thus leading to an overestimation
of this compound. If high ionisation temperatures are employed,
hydrogen–deuterium exchange of deuterated internal standards can occur during the ionisation process. Inaccuracy of
LC-MS assays may also be attributable to ionisation matrix
effects that may enhance or – in most cases – suppress the ionisation yield (Sauvage et al. 2008; Vogeser and Seger 2010).
Appropriate procedures for the analysis of postmortem
species have been sufficiently covered by recent reviews
(Drummer 2007, 2010). A special pretreatment or homogenisa-
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tion according to the specimen’s nature and/or a more sophisticated clean-up extraction of putrefied or embalmed materials
may be required for all forms of chromatography. The lack of
suitability of routinely applied isolation methods may result in
poor recovery and co-extraction of interferences leading to
signal overlap and ion suppression or enhancement (Drummer
2010).

49.7 Procedures for evaluating
stability and artefacts
There is little guidance on how to perform and evaluate stability
experiments in practice (Peters 2007). The matrix used in a
stability study should resemble that of the authentic specimens
as closely as possible. Even in elaborate guidance documents,
changes of the blank matrix have not been considered in stability studies. A pool of authentic matrices may cover interindividual variability whereas a ‘stripped’ or otherwise altered
matrix is not recommended (Nowatzke and Woolf 2007). In
addition, stability should be assessed in each matrix in which
the analyte is quantified. Not only the same matrix should be
used but also its source should be the same. It should be considered that the expression and activity of esterases, which are
a common cause of instability, are different within and among
species. For example, degradation of cisatracurium by rat
plasma esterases is rapid relative to human plasma (Li et al.
2010). It is essential to use the same container type and preservatives or additives for comparison and exposed (stability)
samples; changes of container type or of additives or preservatives will afford a re-evaluation of stability. Analysis of comparison and stability samples should be performed in a random
order (Hartmann et al. 1998).
Stability of the analyte stock solutions should be assessed as
part of the validation procedure of the bioanalytical assay. It is
independent of that from the reference standard material,
where the date of expiry is regularly available. Stock solutions
should be correctly made up also considering the analyte’s stability in the particular solvent. For example, cocaine or heroin
should be dissolved in acetonitrile rather than methanol. The
stability assessment of stock solutions should cover the
maximum period of their usage and be performed in the same
solvent and container type used for the preparation of calibration standards or quality control samples (Li et al. 2010). Stability can be examined by preparing a fresh solution and comparing
its concentration to that of a stored sample. The acceptable
difference should be tighter (≤7%) than normally applied in
other stability assessments (≤15%) as analytical results are
largely influenced by changes of stock solutions (Nowatzke and
Woolf 2007).
Process or bench top stability should confirm that analyte
degradation does not occur during sample preparation or
extraction. Stability samples are allowed to remain on the
bench top, typically at ambient temperature and for 4–24
hours (Nowatzke and Woolf 2007). Stability is then assessed in
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relation to freshly thawed stability samples; and both sets are
analysed against calibration standards to decide if a preservative
regime has to be included.
On-instrument or processed sample stability does not need
additional experiments if samples are bracketed by quality
control samples. Data on the reanalysis of processed samples
may be useful if analysis, including calibration standards and
quality control samples, is interrupted. All processed samples
should be allowed to remain on the instrument after the initial
analysis, and measurement is run once again typically after
12–72 hours. Even if there is a difference between the two runs,
agreement of quality control samples as calculated from the
respective calibration curves can indicate that the entire analytical sequence has successfully been reanalysed.
Freeze–thaw stability evaluation should include a minimum
of three cycles at two different concentrations. Samples should
be stored in a freezer for at least 24 hours at –20°C. When
completely thawed, samples should be refrozen for at least
12–24 hours (Hartmann et al. 1998; Nowatzke and Woolf
2007). Samples that passed through all three cycles were recommended to be analysed together with a set of samples that was
subjected to a single freeze–thaw cycle. Unlike periodically
testing which is usually performed during long-term stability
studies, it was suggested to evaluate freeze–thaw stability after
the last cycle only (Hartmann et al. 1998). A difference greater
than 15% may indicate freeze–thaw instability (Nowatzke and
Woolf 2007).
Generally, long-term stability may evaluated by:
1. Spiking a drug-free matrix with an analyte at a defined
level. After storage at specified conditions, either a second
blank sample is spiked at a similar level or quality controls
are used which are analysed with stored samples using
freshly prepared calibration standards.
2. Analysing the spiked matrix immediately after its preparation. Aliquots are stored for one or more periods, before
analysis is performed using freshly prepared calibration
standards on each occasion.
First of all, it is recommended to analyse replicate aliquots of
stability samples against freshly prepared matrix standards
within 24 hours of stability sample preparation to assess accuracy of the preparation of the stability samples. Once this initial
analysis has been successful, for example that imprecision is
<15%, stability samples can be assayed periodically. Testing
should be performed until two consecutive assessments, conducted on two successive days, indicate that analyte degradation has occurred (Nowatzke and Woolf 2007).
Both approaches mentioned above suffer from within-run
variation, while the second one suffers also from between-run
precision. Bias error may arise during the preparation of calibration standards and quality control samples. An alternative
strategy may involve preparation of a single batch of fresh biological matrix spiked at specified levels and subdivided for use
as ‘stability’ and ‘comparison’ samples, the latter being stored at
a temperature lower than –130°C which implies cryopreservation in liquid nitrogen. Although these ‘comparison’ samples

may be equivalent to freshly prepared samples, the possibility
of changes related to both the matrix and the analyte can not
totally be excluded (Dadgar and Burnett 1995).
Generally, replicate aliquots are assayed and mean values are
used to evaluate stability. It is recommended to test six respective replicates at two concentrations for both, the ‘fresh’ and the
stability samples, preferably at the extremes of the concentration range derived from authentic samples (Hartmann et al.
1998). If only two to three replicates are processed from each
sample, resulting confidence intervals may be very wide or even
unreliable. Criteria for long-term stability assessment have not
specifically been defined. Concentration ratios between comparison and stability samples should differ by no more than
±15%; the 90% confidence interval should lie within an acceptance interval of 85–115% or 80–120%. For all types of
stability testing, a visual evaluation – by a scatter diagram or a
box plot – and an outlier test, if indicated, should be performed.
The 90% confidence interval is considered most useful as it also
accounts for the degree of scatter and covers decreases as well
as increases (Peters 2007).
Incurred samples are more complex in their composition
than quality control samples. Metabolites, especially phase II
metabolites, may often cause failure in the analytical process
due to their instability. Incurred sample reanalysis and incurred
sample stability should therefore be part of the bioanalytical
process (Li et al. 2010). When stability studies are performed
on authentic samples the use of paired comparisons to test for
stability appears reasonable. In addition, estimation of the critical difference is a popular approach that is based on the performance of the respective assay. The critical difference d is
calculated according to d = 2 • 21/2 • SD, with SD being the
standard deviation of the day-to-day imprecision. Successive
measurements cn and cn+1 are considered significantly different
if the absolute difference between cn and cn+1 is greater than d
(Stamm 1982).
The reaction type involved in drug degradation can be
derived from time-dependent changes, which finally may guide
to a more proper estimation of the drug level at the time of
sampling. Hydrolysis of ester-type drugs can be described as
apparent first order reaction kinetics, whereas oxidation reactions often comply with second order reaction kinetics. Investigations on the reaction type involved in the degradation of
forensic-relevant drugs have already been performed, for
example for morphine, morphine glucuronides, cocaine, benzoylecgonine, ecgonine methyl ester, LSD and 11-nor-9carboxy-Δ-9-tetrahydrocannabinol glucuronide (Skopp and
Pötsch 2002a; Skopp et al. 2001a, 2001b, 2002). Accelerated
stability testing may provide information about both degradation pathways and degradation products (Alsante et al. 2007),
which will be helpful to establish stability-indicating analytical
procedures. Such tests may include heat, acidic or alkaline conditions and light exposure, if required. For example, calcium
channel antagonists such as nisoldipine and nifedipine were
found to readily degrade in spiked plasma when exposed to
indoor light for 2 hours (Baranda et al. 2006). Degradation
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products that are formed during accelerated stability testing or
long-term storage should be identified, which can be achieved
by collecting LC-MS or nuclear magnetic resonance data. Identification enables development of a stability-indicating assay
that can accurately and selectively differentiate the intact drug
from its potential decomposition products. In addition, the
mass balance should be estimated – if possible – to assure that
the chosen analytical strategy controls all significant degradation products. Determination of major metabolites and degradation products along with the parent drug is essential for
stability testing and to avoid misinterpretation of data due to
artefacts (Gadkariem et al. 2003).

49.8 Conclusions
The interpretation of any analytical result is hampered when
labile compounds are involved or the formation of artefacts can
occur. Without attention to and knowledge of the conditions
under which a sample was obtained, stored and prepared for
testing, the data generated from subsequent analysis may lead
to erroneous conclusions. One should be aware that instability
and formation of new entities primarily depends on the sample
and the particular analyte. The nature of the analyte, in particular, dictates which experiments are required to ensure complete
assessment of all stability-related factors and artefacts in addition to the comprehensive rules on the validation of bioanalytical assays. Each pre-analytical and analytical step should be
carefully evaluated and not left to chance – a serendipitous
outcome such as in the Bocarme case must be considered as
exceptional.
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50

Toxicokinetics and
Toxicogenetics

Markus R. Meyer and Hans H. Maurer

50.1 Introduction and the
LADME principle
The purpose of the discipline of toxicokinetics is to describe
the concentration of a compound in plasma, serum or whole
blood with respect to time. Hence, it deals with what the body
does with a compound given at a non-toxic dose (e.g. drugs of
abuse) or a relatively high dose (e.g. intoxication with therapeutic drugs). It also describes the influence of endogenous and
exogenous factors on the effect of pharmacologically active
compounds.
Toxicogenetics also considers the effect of inherited differences in the metabolism of xenobiotics and their response,
while toxicogenomics refers to the general study of all of the
many different genes that determine xenobiotic behaviour.
These terms are often used interchangeably.
Some people react to drugs as expected, whereas other
people may show no effect or may even respond with adverse
effects. Individuals also experience different reactions to environmental agents, such as allergens. The reasons for this are
polymorphisms, meaning different expression of proteins
involved in drug action or kinetics caused by genetic variations.
Resulting different phenotypes allow one to understand the
genetic basis for individual differences in response to various
drugs.
The fate of a xenobiotic (i.e. therapeutic drug, drug of abuse,
food components, pollutants, etc.) in the human body can be
described by the so-called LADME scheme (Fig. 50.1) as follows.
• Liberation: depending on the pharmaceutical formulation,
the active agent has first to be liberated from the formulation
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© 2014 John Wiley & Sons, Ltd. Published 2014 by John Wiley & Sons, Ltd.

matrix. This is the case, for instance, for tablets and capsules
but is not that important for solutions or inhaled compounds. Even injected compounds may not be immediately
released into the circulation (e.g. intramuscular injections of
depot formulations).
• Absorption: after release, the active agent has to be absorbed
meaning penetration from the place of absorption into the
blood stream. For oral formulations, this is normally the
gastrointestinal tract. However, after subcutaneous or intramuscular application, the drug must also be absorbed.
• Distribution: distribution describes the movement of a drug
between blood and tissues. Depending on the chemical characteristics, the compound is distributed mainly in lipophilic
or hydrophilic tissue compartments. Furthermore, binding
to plasma proteins is also part of the distribution process.
• Metabolism: lipophilic compounds have to be biochemically modified prior to elimination from the body otherwise
they are reabsorbed in the tubular system of the kidneys.
Phase I and II metabolism steps mostly introduce hydrophilic
groups into the molecule to reduce or prevent this
reabsorption.
• Excretion: elimination of the compound (or its metabolites)
from the body via different ways, mainly by the kidneys
or through biliary excretion, but also by expiration and
sweating.
Details on the particular stages of the LADME principle are
discussed in Section 50.2 and the following text. A short synopsis is given here on basic kinetic parameters and principles.
For more comprehensive information, especially on different
elimination kinetics and dosage calculation, specific literature
dealing with pharmacokinetics should be taken into account.
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Figure 50.1 The main routes of drug administration, distribution and elimination including the enterohepatic circulation.

50.2 Basic kinetic parameters
As depicted in Fig. 50.1, the LADME processes can also be
described by some basic pharmacokinetic parameters. The
parameters that characterise the LADME process are bioavailability (F), volume of distribution (VD) and clearance (Cl).
Concerning time-dependent processes, there are additional
parameters to be considered such as the plasma elimination
half-life (t½), the area under the plasma concentration/time
curve (AUC) and the maximal concentration in plasma (Cmax).
F, VD and Cl are also called primary parameters, whereas t½,
AUC and Cmax are also called secondary parameters. In the following, a short overview is given on the basic principles of these
primary parameters.

chemical properties of the drug such as lipophilicity and molecule size. Drugs with high volumes of distribution have in
general higher intracellular concentrations compared to plasma.
VD = A /C

(equation 50.1)

Typical volumes of distribution (VD/kg body weight) for therapeutic drugs are:
• <1 for drugs mainly present in plasma and typically bound
to plasma proteins (e.g. warfarin, 0.2 L/kg).
• Around 1 for drugs mainly present in the total body water
(e.g. ethanol, 0.8 L/kg).
• >1 for lipophilic compounds also present in the fatty and
muscular tissue often including the central nervous system
(e.g. the VD of chlorpromazine is about 20 L/kg).

50.2.1 Volume of distribution

50.2.2 Clearance

The VD is the ratio between the total amount of the compound
present in the body (A) and its blood plasma concentration (C).
The distribution of a drug is influenced by its relative affinity
for plasma or tissue. In turn, this affinity is influenced by the

The Cl represents the ability of the body to eliminate a compound. Plasma clearance represents the sum of many clearance
processes such as hepatic metabolism, biliary secretion and
renal filtration. Therefore, clearance can significantly be influ-
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enced by disease of these organs. The Cl (total clearance) is
defined to be the sum of renal clearance (Clr) and non-renal
clearance (Clnr). Similar to the VD, the clearance is the ratio
between the plasma concentration (C) of the compound and
the amount cleaned per time (B/t).
Cl = (B /t )/C

(equation 50.2)

Renal clearance
Renal clearance is defined by:
Clr = U ∗ V /C

(equation 50.3)

The concentration of the compound in urine is U and the
urinary flow rate is V; U * V corresponds to (B/t). The filtration
rate in the glomeruli (glomerular filtration rate, GFR) is
approximately 120 mL/min, which corresponds to a daily filtration rate of blood of 173 L, finally concentrated to end up in
around 1–2 L of urine. This leads to equation 50.2.
B /t = GFR ∗ C

(equation 50.5)

Compounds such as para-aminohippurate (PAH) are used
to measure RPF, which corresponds to the renal function.
RPF = C(PAHU ) /C(PHAP) ∗ V

(equation 50.6)

where C(PAHU) = concentration of PAH in urine, C(PAHP) = concentration of PAH in arterial blood and V = urinary flow rate.

Total clearance and non-renal clearance
The total clearance can be determined after intravenous application of a known dose of a drug (Di).
AUC = F ∗ Di /Cl

Clnr = Cl − Clr

(equation 50.10)

5.2.3 Plasma elimination half-life
The International Union of Pure and Applied Chemistry
(IUPAC) defines the plasma elimination half-life (t½) as follows:
‘For a substance, the time required for the amount of that substance in a biological system to be reduced to one half of its
value by biological processes, when the rate of removal is
approximately exponential’ (van Grieken & de Bruin 1994).
This means that the plasma half-life of a compound is the time
it takes for the blood plasma concentration to decline by one
half. It is mainly influenced by two factors, volume of distribution (VD) and clearance (Cl) and also called terminal elimination half-life. In contrast, the apparent half-life reflects the fact
that the rate of decline of the drug plasma concentration is not
due to elimination alone. Other factors such as absorption rate
or distribution rate influence plasma concentration.

(equation 50.4)

Considering a renal plasma flow (RPF) of about 600 mL/
min, it is important to realise how quickly compounds can be
excreted into urine, which underlies an active secretion into the
renal tubules.
Clr = RPF

The non-renal clearance can then be determined by:

(equation 50.7)

AUC is the area under the drug blood plasma concentration
(y-axis) versus time (x-axis) curve. The AUC usually correlates
with the total effect of the drug on the body (pharmacodynamic). F = 1 for intravenous injections where F is the bioavailability of a compound. For details see Section 50.2.5.

50.2.4 First-order elimination and
elimination rate constant (Ke)
Half-life can vary with the drug concentration in plasma. That
leads to the relation that half-life is then proportional to the
initial concentration of the drug (C0) and inversely proportional to the so-called zero-order rate constant (k0):
t1/2 = (0.5 ∗ C0 )/k 0

(equation 50.11)

Therefore, a constant amount of the compound is eliminated
per time. Thus, the decrease of plasma concentration is
described by the following equation:
Ct = C0 ∗ e − Kt

(equation 50.12)

where Ct = concentration after time t and K = individual elimination rate constant. The elimination rate constant (Ke) is used
to calculate the rate at which the compound is removed from
the system. It is equivalent to the amount of a compound
removed per unit time.
Ct + dt = C − Ct ∗ K e ∗ dt

(equation 50.13)

AUC = Di /Cl

(equation 50.8)

dt is an infinitely small change in time; Ct + dt is the concentration of drug in the system after the infinitely small change in
time. This finally leads again to equation 50.12. The relationship between Ke and t½ is given by:

Cl = Di /AUC

(equation 50.9)

K e = ln 2/t1/2

(equation 50.14)
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Half-life can be determined using the clearance (Cl) and the
volume of distribution (VD) of the drug. Their relationship is
then described by:
t1/2 = ln 2 ∗ VD /Cl

(equation 50.15)

This means that it takes around five half-lives for the plasma
concentration of a compound to reach steady state after dosing
is started. The same is true for the compound to be (almost)
completely eliminated from plasma.

50.2.5 Bioavailability
Bioavailability (F) is used to describe the fraction of an administered dose of a compound that reaches the systemic circulation. The two major factors influencing oral bioavailability are
absorption and first pass extraction. Absorption of a compound
depends on its chemical properties which are defining its solubility in, for example, the intestine and its permeability through
lipid membranes. Absorption can be affected by various factors
besides the mentioned chemical properties. Transporters, such
as p-glycoprotein, can actively reduce the amount of substance
entering the systemic circulation. Besides this, metabolism can
take place in the intestine (intestinal metabolism), liver and
other tissues prior to entering the circulation. This leads to a
reduction of the absolute amount of drug available in the body.
Hence, all of these factors can lead to a reduction of F.
In order to determine the absolute bioavailability, blood
plasma concentration of the drug vs. time after intravenous
(IV) and non-intravenous (NIV) administration of a certain
dose (D) are compared. The absolute bioavailability is then:
F = (100 ∗ AUC NIV ∗ DIV )/(AUC IV ∗ DNIV )

drug in the body can also occur when repeated dosing occurs
more frequently than its half-life. There are other factors, such
as age and gender, which can influence the toxicokinetics. In
older people, the amount of total fat may increase, the total
body water content may decrease and muscle mass may
decrease. Consequently, the volume of distribution will change
with age. Volume of distribution and clearance can also be
affected by age. It can be decreased as a consequence of reduced
hepatic and renal blood flow. Also changes in binding to plasma
proteins influences the free plasma concentration for highly
plasma protein bound compounds and hence their activity.
Additionally, liver or kidney diseases as well as low protein
containing nutrition can also influence the plasma protein
concentrations.
One of the main tasks in forensic toxicology (FT) and clinical toxicology (CT) is to detect prescribed drugs, drugs of abuse
and other toxic compounds in various biosamples such as
urine, blood plasma or hair. However, in the case of acute poisonings, urine and blood plasma/serum are usually analysed.
The main targets in all these samples might be the unchanged
parent compound and/or its metabolites. In many cases, especially in the analysis of urine samples, metabolites are the most
likely target. Therefore, the knowledge of LADME, mainly
metabolism, of compounds relevant in the context of toxicological analysis is important since the scientist will be able to
determine how much analyte will be excreted. Therefore,
important aspects of release (or liberation), absorption, distribution, metabolism and excretion (or elimination) of such
compounds need to be understood.

50.4 Release

(equation 50.16)

If the drug cannot be administered intravenously, only the
relative bioavailability can be determined. In this case, AUC of
the drug in question is compared to that after administration
of a known standard drug preparation.

50.3 Toxicokinetics and
toxicogenetics in forensic
and clinical toxicology
Compared to classic pharmacokinetics, toxicokinetics may
often vary due to remarkable variations in plasma concentration of the xenobiotics, long-time exposure to them leading to,
for example, damage of liver or kidneys. Additionally, direct
inhibition by these compounds of the enzymes involved in
metabolism and/or transportation may lead to their decreased
clearance. However, plasma concentration can also be reduced
on repeated dosing for instance due to induction (gene or
protein expression) of metabolising enzymes. Accumulation of

Release of the active compound from a solid dosage form, such
as a tablet or a capsule, results in a series of processes. These
processes include wetting, diffusion and dissolution. All these
steps depend on the properties of the ingredients of the solid
dosage form including the pharmaceutical additives as well as
the type of production process used. These pharmaceutical
aspects will not be discussed here. Readers should refer to articles and books dealing with pharmaceutical technology and
pharmaceutical formulation.

50.5 Absorption
After oral administration, drug adsorption takes place in the
gastrointestinal tract, whilst after snorting or inhaling, absorption occurs through the mucosa or the respiratory tract. Xenobiotics must still cross cell membranes to enter the systemic
blood stream. Therefore, small and the more lipophilic compounds can usually cross the cell membranes by passive diffusion along a concentration gradient. Xenobiotics normally
must first pass through lipid bilayers in the intestinal epithe-
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lium (transcellular transport). For efficient transport, the drug
must be hydrophobic enough to enter into the lipid bilayer,
but not so hydrophobic, that once it is in the bilayer, it is
trapped.
The extent of passive diffusion depends on the concentration gradient across the membrane and the octanol : water partition ratio of the drug. The term KD is also known as distribution
constant. The KD (also referred to as log P) is the ratio of the
concentrations of the unionised compound between the two
solutions. It describes how hydrophilic (KD < 1) or hydrophobic
(KD > 1) a compound is, and it allows the distribution of drugs
within the body to be estimated. Hydrophobic drugs with high
partition coefficients are preferentially distributed to hydrophobic compartments such as lipid bilayers while hydrophilic
drugs preferentially are found in hydrophilic compartments
such as plasma. To measure the partition coefficient of ionizable drugs, the pH of the aqueous phase is adjusted to represent
the water compartment (usually around pH 7). The logarithm
of the ratio of the concentrations of the unionised compound
in the solvents is called KD or log P:
K Doct/wat = (c(octanol)/c(water))

(equation 50.17)

In contrast to small and lipophilic compounds, large and
polar xenobiotics cannot cross the cell membranes by simple
diffusion and hence, are dependent on the presence of carriermediated transports.

50.5.1 Influence on absorption from the
gastrointestinal tract
pH value
The pH of the milieu in which the drug is solved (and thus its
pKa value) has a great impact on the amount of absorption
from the gastrointestinal tract. Additionally, many ingested
compounds are weak acids or bases and are thus present in
solution in both non-ionised and ionised forms. As mentioned
above, the non-ionised molecules tend to be lipid soluble
(KD > 1) and cross membranes by passive diffusion, whereas the
ionised forms have low lipid solubility (KD < 1) and cannot
cross the cell membranes. The diffusion of weak electrolytes
across membranes will thus be influenced by their pKa value
and the pH gradient across the membrane.
The rather low pH in the stomach allows weak acids to be
absorbed as they are uncharged there. In contrast, weak bases
are ionised and can therefore not be absorbed by passive diffusion. In the intestine, absorption is best for weak acids or weak
bases with pKa values approximately between 3 and 8. In addition, the big surface of the intestine and the longer dwell time
within this area making the intestinal absorption quantitatively
most important in contrast to all other areas. Furthermore, the
pH value in the duodenum/intestine is rather alkaline with
values up to 8.5 further increasing the absorption of especially
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basic drugs, which are in consequence not protonated and can
penetrate through membranes.
Finally, alteration of urine or plasma pH can be used to
influence drug concentration in certain body fluids in the case
of, for example, intoxications. Urinary acidification will lead to
accelerated excretion of weak bases whereas urinary alkalinisation increases excretion of weak acids (for instance for salicylic
acid overdoses). Increasing plasma pH causes weakly acidic
drugs to be extracted from the central nervous system (CNS)
into the plasma. Reducing plasma pH causes weakly acidic
drugs to become concentrated in the CNS.
To describe the influence of pH and pKa on the octanol : water
coefficient, one can use the so-called distribution coefficient. It
is the ratio of the sum of the concentrations of all forms of
the compound (ionised plus unionised) in each of the two
phases. For measurements of distribution coefficient, the pH of
the aqueous phase is buffered to a specific value such that the
pH is not significantly perturbed by the introduction of the
compound:
log Doct/wat = log(c(octanol)/(c(ionised in water)
+ c(neutral in water))
(equation 50.18)
It is clear that log D is pH dependent making the log D at the
physiological pH of 7.4 of particular interest. However, for
unionisable compounds, KD is always the same as log D.

Intestinal first pass metabolism
Orally administered drugs enter the central blood circulation
after enteral absorption and after passing through the liver. In
both steps, compounds can already be metabolised by enzymes
located in the enterocytes and/or hepatocytes. This part of
metabolism is named first pass metabolism. The extent of first
pass metabolism has a strong impact on the bioavailability.
Hepatic metabolism is described in Section 50.7. The focus
here is on intestinal first pass metabolism. In the gut, oxidative
metabolism is mainly mediated by CYP3A4. Also phase II
enzymes are located here such as the urine diphosphate (UDP)
glucuronyltransferases and UGT2B7. Gastrointestinal bioavailability (Fg) depends on the absorption and intestinal metabolism. For example, cyclosporine, midazolam or verapamil
undergo significant intestinal metabolism. Furthermore, nonhepatic first pass metabolism is located in other tissues that may
be involved in the absorption processes such as the lung and
skin.

P-glycoprotein transporter
The adenosine triphosphate (ATP) binding cassette (ABC)
transporter P-glycoprotein (P-gp), the multidrug resistant
mdr-1 gene product, can have a great impact on the enteral
drug absorption. P-gp represents an ATP-dependent drug efflux
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pump for various compounds. It also often mediates the development of resistance to anticancer drugs, in particular cancer
cells. Therefore, increased intestinal expression of P-gp can
reduce the absorption of drugs that are substrates for P-gp.
Thus, there is a reduced bioavailability and in consequence,
therapeutic plasma concentrations cannot be reached. Alternatively, decreased P-gp expression may lead to higher blood
plasma concentrations and drug toxicity may occur. Several
compounds such as cyclosporine and digoxin are substrates of
this transporter and their absorption and thus bioavailabilities
are reduced due to their affinities to the P-gp. Besides the intestine, P-gp is extensively distributed and expressed in other areas
in the body such as hepatocytes, renal proximal tubular cells,
adrenal gland and capillary endothelial cells being part of the
blood–brain barrier.

50.6 Distribution
Following entry of a xenobiotic to the systemic blood circulation, distribution describes the reversible transfer of drug from
one location to another within the body. The main compartments are plasma (5% of body weight), interstitial fluid (16%),
intracellular fluid (35%), transcellular fluid (2%) and fat (20%).
Alternatively, the composition can be summarised as follows:
water/muscle (80%) and fat (20%). Distribution is influenced
by many parameters such as passive diffusion across lipid membranes, carrier-mediated active transport processes and protein
binding in the blood and tissue. The drug distributed with time
primarily in highly perfused organs such as liver, heart and
kidney but also the brain. Distribution is limited in slightly
perfused organs such as muscle, fat and peripheral organs. The
drug is moved from the plasma to the tissue until equilibrium
is reached. The VD (see also Section 50.2.1) of a drug is a property that quantifies the extent of distribution into tissues. As
stated previously, most tissue membranes behave as typical
lipid barriers allowing small lipophilic molecules to cross cell
membranes. Drugs can accumulate by diffusion under the
influence of pH gradients, binding to intracellular constituents,
or partitioning into lipid depots. Also active transport plays an
important role in the distribution process. If a drug enters a
tissue by an active transport mechanism, its concentration in
the tissue can be many times greater than that in plasma.
Binding to plasma proteins can also influence distribution of
xenobiotics. As only unbound drug is in equilibrium across
membranes, a drug that is extensively and strongly bound to
plasma proteins has only limited access to the tissues. Also an
important point is the pH value of the tissue, blood or organ,
into which the drug diffuses. An inflammatory response can
reduce the local pH to 5.5 or below due to the damaged vasculature. Anti-inflammatory drugs such as acetylsalicylic acid can
diffuse and accumulate in the uncharged state and become
active in the damaged cells and surrounding milieu. In summary,
distribution is affected by similar parameters as absorption, as
discussed below.

50.6.1 Binding to plasma proteins
Many drugs exist mainly in bound form when present at therapeutic concentrations. In consequence, the free part of the drug,
which is actually the active part, can be less than 1%. For
example, the bound fraction of the anticoagulant warfarin at
therapeutic concentrations is 97%. This means that 97% of
warfarin is bound to plasma proteins and only 3% of the
amount is free and hence pharmacologically active. Additionally, only this unbound fraction of drugs can undergo drug
elimination with respect to metabolism and renal filtration. As
the protein binding is reversible, a chemical equilibrium exists
between the bound and unbound fraction. Among the involved
proteins, plasma albumin is the most important binding mainly
acidic drugs such as the non-steroidal anti-inflammatory drugs
ibuprofen or diclofenac. Basic drugs such as the tricyclic antidepressants doxepin and amitriptyline are mainly bound to
β-globulin and acid glycoprotein.
Protein saturation by a drug may lead to a non-linear relation between dose and the free drug concentration. If a therapeutic drug concentration is near to the protein binding
saturation, its free plasma concentration will increase after
additional dosing. Hence, doubling the dose can therefore more
than double the free concentration of drugs and therefore
double the pharmacologically active concentration. Changes in
the concentrations of free drug lead to changes in the volume
of distribution because free drug may distribute into the tissues
leading to a decrease in plasma concentration profile.
Also, the bound part may act as a reservoir or depot from
which the drug is slowly released. Since the unbound form is
being metabolised and/or excreted from the body, the bound
fraction will be released in order to maintain equilibrium.
Furthermore, extensive protein binding can lead to competition between drugs for protein binding, which may lead to
drug–drug interactions. For example, if digoxin is given, it will
bind to the plasma proteins in the blood. If warfarin is also
given, it can displace digoxin from the protein, thereby increasing the unbound fraction of digoxin. This will lead to an
increased pharmacological effect of digoxin, since only the
unbound fraction exhibits activity.

50.6.2 Drug reservoirs after distribution
into body fat and other tissues
The impact of drug reservoirs in body fat on the drug toxicity
is demonstrated by the anesthetic drug thiopental. Accumulation of a drug in fatty tissue can be predicted by looking at its
KD value. Thiopental, for instance, has a comparably high KD
value and accumulates substantially in body fat. This has consequences on its pharmacokinetic behaviour. After a bolus
intravenous injection, thiopental reaches its maximum concentration in its target tissue (the CNS) within 1–2 minutes after
injection. Subsequently, the plasma concentration falls as the
drug distributes into other tissues such as muscle. Its concen-
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tration in the brain changes inversely proportional to its plasma
concentration. This leads to a rapid termination of anaesthesia
by redistribution rather than by elimination.
Finally, thiopental is then slowly distributed into fatty tissues.
In general, accumulation of drugs in body fat is limited due to
its poor perfusion. Consequently, drugs are delivered to body
fat rather slowly and the theoretical equilibrium distribution
between fat and body water is approached slowly. However,
accumulation in body fat is often significant for certain drugs
such as general anesthetics, for example, thiopental, or insecticides that are therefore poorly metabolised and can accumulate
slowly but progressively in body fat. On repeated administration, fat and other poorly perfused tissues can accumulate large
amounts of such drugs. These reservoirs are then capable of
maintaining plasma and, hence, brain concentrations of, for
example, thiopental at levels above those needed for anaesthesia. Thus, a compound whose duration of action is limited
by rapid redistribution from its site of action to storage sites
can become long acting if accumulation sites are present.
Besides body fat, there are other reservoirs possible that have
pharmacological importance. For example, chloroquine, an
antimalarial accumulates in melanin whereas amiodarone, an
antidysrhythmic drug accumulates in liver and lung.
With respect to protein binding and drug reservoirs, it is
evident that individual factors such as gender, age and body
weight can dramatically influence the pharmacological effect of
certain drugs at the same dose. The percentage of body fat for
women is greater than that for men being around 3–5% in men
and 8–12% in women. Also in obese people, body fat is much
higher, being around 25%. In older people the relative amount
of body fat also increases. Protein binding is influenced by the
total amount of binding protein (e.g. albumin) available. This
total number, similar to the body fat, is also influenced by nutrition. Malnutrition, for instance, will lead to a decreased amount
of albumin and other binding proteins available in the body.

50.7 Metabolism
Xenobiotics such as therapeutic drugs, drugs of abuse and
other toxic compounds can be chemically modified by various
metabolising enzymes. Although the liver is the main metabolising organ, other organs also metabolise drugs, particularly
those with direct contact to the environment such as the gut,
lungs and kidneys. The metabolising enzymes include cytochrome P450 oxygenases, UDP-glucuronosyltransferases, sulphotransferases and glutathione-S-transferases. The metabolism
can be divided into phase I (functionalisation) and phase II
reactions (conjugation). The modified and thus more watersoluble xenobiotics can then be excreted. Although most
end products of metabolism are pharmacologically inactive,
some drugs (so-called prodrugs) need to be bioactivated to
active metabolites (e.g. O-demethyltramadol from tramadol).
However, such bioactivation may also lead to toxic products
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(e.g. para-naphtochinonimine, the toxic metabolite of
paracetamol).
For enzymes involved in these phases, genetic polymorphisms are known. For phase I reactions the cytochrome P450
(CYPs) are of particular importance and are present in different
isoforms. Two of these isoforms, among others, CYP2C19 and
CYP2D6 show polymorphisms that may affect the pharmacological potency or the toxicity of xenobiotics if metabolised
mainly through one of these isoforms. So, genetic variability
plays an important role in xenobiotic metabolism. The reasons
for these differences can firstly be found in the genotype of the
individual. Genes for certain enzyme systems may be absent,
deficient or overexpressed. Besides the phase I enzyme family,
also phase II enzymes can show polymorphism such as uridine
diphosphate glucuronyltransferase (UGT) UGT1A1, thiopurine methyltransferases, arylamine N-acetyl transferase NAT2
and glutathione S-transferases GSTM1 and GSTT1. However,
the actual metabolic activity determines the phenotype which
depends on the genotype and the level of expression. In addition, variations must be taken into consideration resulting from
interactions with other drugs, food ingredients and/or tobacco
smoke ingredients.
An example of a clinically relevant enzyme deficiency is the
lack of glucose-6-phosphate dehydrogenase. It is a genetic defect
that is inherited via the X chromosome and therefore manifests
in men with one respective copy. In women, it will only be
manifest if they are homozygous for the corresponding defect.
In these cases, application of dapsone or primaquine may
lead to haemolysis, because in erythrocytes the reduced form
of nicotinamide-adenine-dinucleotide phosphate (NADPH)
decreases, leading to the reduction of oxidised glutathione. Oxidised glutathione can lead to damage of erythrocytes, haemolysis and resulting methaemoglobinaemia. Normally, NADPH is
regenerated by oxidation of glucose-6-phosphate.

50.7.1 Examples of polymorphism relevant
in forensic and clinical toxicology
Phase I enzymes
The most important phase I enzyme family that is polymorphically expressed is the family of cytochrome P450 isoenzymes.
For instance, the polymorphism of CYP2D6 was discovered in
a pharmacokinetic study on sparteine, in which side effects of
participants occurred to an uncommonly high degree. Among
these subjects, the total clearance of sparteine was reduced and
almost entirely unchanged sparteine could be detected in urine.
Since debrisoquine behaves similarly, the CYP2D6 polymorphism is also called sparteine/debrisoquine polymorphism.
About 10% of the Caucasian population are slow metabolisers
for CYP2D6 and are therefore called poor metabolisers (PM).
The activity of the enzyme is markedly reduced due to various
mutations or complete loss of the corresponding gene. The rest
of the population belongs to the type of rapid (or normal)
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metabolisers (extensive metabolisers, EM) or to the type of the
so-called ultrarapid metabolisers. The toxicological relevance
of this polymorphism is widespread since many potent drugs
such as tricyclic antidepressants, neuroleptics and opioids are
metabolised by CYP2D6.
Similarly, slow and fast metabolisers exist with respect to the
CYP2C19 isoforms. For example, diazepam is metabolised by
this enzyme and is expected in slow metabolisers to show prolonged half-lives and delayed elimination. Besides CYPs, most
of the other metabolising enzymes are expressed polymorphically. For example, monamine oxidase A, catechol-O-methyltransferase and tryptophane hydroxylase can also have an
impact on pharmacotherapy.

Phase II enzymes
Among the phase II enzymes, the polymorphism of the
N-acetyltransferases (NAT) catalysing the transfer of acetyl
groups from acetyl-coenzyme A (CoA) to arylamines or hydrazines is well known. In humans, the two NAT genes are known
to encode NAT1 or NAT2. For both enzymes, a polymorphism
is known, leading to the phenotypes of slow and fast acetylation. The frequency of individual phenotypes has strong ethnic
differences. About 40–70% of Caucasians are slow metabolisers,
but only 10–20% of the Japanese or Chinese population are.
The toxicological relevance of NAT polymorphism should
not to be underestimated. Since it plays no role in acute toxicity,
there is evidence that bladder cancer induced by benzidine is
much more frequent in slow metabolisers than in rapid metabolisers. This is attributed to decreased detoxification by acetylation. Besides NAT, there are other important phase II enzymes
that are polymorphically expressed such as the UGT isoforms.
Examples of their impact on the effect of certain drugs are
discussed below. Furthermore, the impact of other polymorphically expressed enzyme systems will be highlighted and
exemplified on several therapeutically used opioids and certain
drugs of abuse.

50.7.2 Examples of the impact of genetic
variation on the metabolism of
drugs of abuse
These examples were selected from current review articles, in
which the underlying original references can be found (Maurer
et al. 2006; Meyer and Maurer 2010, 2011, 2012).

Oxycodone
Oxycodone undergoes N-demethylation mainly by CYP3A4
and CYP3A5 and O-demethylation to oxymorphone by
CYP2D6. Variability in the activity of these enzymes because of
genetic polymorphisms and/or drug–drug interactions is well
known and CYP2D6 activity was correlated with oxycodone
experimental pain assessment. CYP2D6 ultrarapid metabolis-

ers experienced increased pharmacodynamic effects in contrast
to CYP2D6 poor metabolisers. The modulation of CYP2D6
and CYP3A activities had clear effects on oxycodone pharmacodynamics and these effects were dependent on CYP2D6
genetic polymorphism. An interesting case report described a
patient who had a clinically significant drug interaction between
oxycodone and the CYP3A4 inducer rifampin resulting in
insufficient pain suppression. The urine drug test for oxycodone (but not detecting noroxycodone) was negative suggesting
non-compliance by the patient. Phenotyping (determination of
the complete oxycodone metabolite profile) and genotyping
concerning CYP3A4/5 and 2D6 allowed the physicians to be
confident that the patient was compliant with the medication
hence his oxycodone dose was optimised to control pain.

Methadone
Methadone is mainly N-demethylated followed by rearrangement by water elimination to the pharmacologically inactive
2-ethylidene-1,5-dimethyl-3,3-diphenylpyrrolidine (EDDP).
For a given dose, methadone plasma concentrations can vary
widely between individuals, contributing to a high interindividual variability in the response to treatment. CYP3A4 and
CYP2B6 are the major CYP isoforms involved in methadone
metabolism, with CYP2D6 contributing to a minor extent. In
this context, it is important that CYP2B6 is one of the most
polymorphic CYPs in humans with over 100 described single
nucleotide polymorphisms, numerous complex haplotypes and
distinct ethnic frequencies. Moreover, 20- to 250-fold interindividual variations in CYP2B6 expression has been demonstrated, presumably due to transcriptional regulation and
polymorphisms, being in part responsible for the high interindividual variability in the response to methadone treatment.
A higher stereoselective metabolism (S>R) occurred in livers
expressing high levels of CYP2B6 compared with CYP3A4 suggesting a significant role of CYP2B6, but not CYP3A, in the
stereoselective metabolism and disposition of methadone in
humans.
Furthermore, methadone is a P-gp substrate and, although
there are inconsistent reports, ABCB1 genetic polymorphisms
may also contribute slightly to the interindividual variability of
methadone kinetics and influence dose requirements. The large
interindividual variability in the activity of CYP enzymes, as
well as their potential for induction and inhibition, is responsible for a large part of the variability in methadone kinetics
and observed plasma levels. For instance, in order to obtain
methadone plasma concentrations of 250 ng/mL, doses of
racemic methadone as low as 55 mg/day or as high as 921 mg/
day can be required in a 70-kg patient without any comedication, depending on its phenotype.

Buprenorphine
Buprenorphine is N-dealkylated mainly by CYP3A4 and
CYP2C8 to norbuprenorphine, the active metabolite. Since
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CYP3A4 is the main isoform involved, drug–drug or herbal–
drug interactions are observed influencing the disposition of
buprenorphine in humans. Buprenorphine and norbuprenorphine undergo extensive phase II metabolism, catalysed by
UGTs, namely UGT1A1, UGT2B7 (buprenorphine) and
UGT1A3 (norbuprenorphine). UGT1A1 accounts (in pooled
human liver microsomes (HLM)) for approximately 10 and
30% of buprenorphine and norbuprenorphine glucuronidation, respectively, whereas UGT2B7 is responsible for at least
40% of buprenorphine glucuronidation. However, it is assumed
that UGT1A1 and UGT2B7 do not influence the disposition of
buprenorphine in humans.

Tramadol
Tramadol requires metabolism to O-demethyltramadol, the
active metabolite providing analgesic effects via agonism at the
μ-opioid receptor. Tramadol itself shows non-opioidergic analgesic effect by serotonin and norepinephrine reuptake inhibition. The O-demethylation of tramadol is primarily catalysed
by CYP2D6, whereas N-demethyltramadol is formed by
CYP2B6 and CYP3A4. The impact of CYP2D6 phenotype on
tramadol pharmacokinetics is similar after single oral, multiple
oral and intravenous administration showing significant pharmacokinetic differences between EM and PM. Furthermore,
metabolism by CYP2D6 seems to be stereospecific in the way
that very little (+)-O-demethyltramadol is produced by CYP2D6
PM. The response to tramadol in patients is correlated to
CYP2D6 genotypes and non-response rates to pain medication
increases four-fold in PM and thus this genotype is associated
with poor efficacy of tramadol analgesia.

Morphine and heroin
The metabolism of heroin to 6-acetylmorphine (6-AM) and
morphine is catalysed in the liver mainly by the human
cholinesterase (hCE)-1 and in part by hCE-2, in the serum by
pseudocholinesterase and also non-enzymatically in the serum.
Morphine itself is conjugated mainly by UGT2B7 to the inactive metabolite morphine-3-glucuronide (M3G) and, to a less
extent, to the pharmacological active compound morphine-6glucuronide (M6G). Finally, morphine is N-demethylated to
normorphine by hepatic CYP3A4 and to a lesser extent by
CYP2C8. People with Gilbert’s syndrome, characterised by
impaired glucuronidation due to a polymorphism in the gene
encoding UGT1A1, do not show altered morphine clearance or
difference in the plasma concentration versus time curves for
M6G or M3G. The discussion on the effect of UGT2B7 polymorphisms on M6G and M3G formation and clearance is still
controversial. For instance, modifications in ABCB1 are associated with significantly lower frequency of fatigue and the frequency of vomiting and the frequency of nausea is higher in
patients with modifications of UGT2B7.
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Codeine
Codeine (3-methylmorphine) is metabolised to morphine by
O-demethylation, catalysed by polymorphically expressed
CYP2D6, as is also the case for its congeners dihydrocodeine,
ethylmorphine, hydrocodone or oxycodone as described above.
Some variants of the CYP2D6 gene increase metabolism of
these drugs to their more potent metabolites, whereas others
decrease metabolism, which may influence the analgesic
potency and abuse liability. Finally, codeine is N-demethylated
by CYP3A4 and conjugated equally by UGT2B4 and UGT2B7
to codeine-6-glucuronide. Children of breastfeeding mothers
who are CYP2D6 UMs combined with reduced UGT2B7 activity are at increased risk of potentially life-threatening CNS
depression. In the following, an interesting example for the
impact of pharmacogenomics will be given. After small doses
of codeine, a patient developed a life-threatening opioid intoxication. CYP2D6 genotyping showed that the patient had three
or more functional alleles, a finding consistent with ultrarapid
metabolism of codeine. The authors attributed the toxicity to
this genotype, in combination with inhibition of CYP3A4
activity by clarithromycin and voriconazole other medications
and a transient reduction in renal function.

Delta-9-tetrahydrocannabinol
Delta-9-tetrahydrocannabinol (THC), the primary hallucinogenic constituent of Cannabis sativa, is subject to hepatic
metabolism primarily by hydroxylation. The primary metabolite 11-hydroxy-THC (HO-THC), which is pharmacologically
active, is formed by CYP2C9 and further oxidised, probably by
alcohol dehydrogenase or microsomal alcohol oxygenase, to the
intermediate aldehyde 11-oxo-THC followed by oxidation to
11-nor-9-carboxy-THC (THC-COOH) catalysed by a microsomal aldehyde oxygenase, a member of the CYP2C subfamily.
After glucuronidation of the carboxy group, THC-COOH is
excreted in urine and can be detected up to 4 days after smoking
one marijuana cigarette and up to 4 weeks after frequent use.
Formation of 8-hydroxy-THC and the epoxide are catalysed by
CYP3A4. THC-OH is conjugated by UGT1A9 and UGT1A10
isoforms whereas THC-COOH is a substrate recognised by
UGT1A1 and UGT1A3. The resulting glucuronide of THCCOOH is the main metabolite found in urine and thus these
hepatic enzymes play a critical role in the metabolic clearance
of cannabinoids.

Cocaine
Cocaine, the main alkaloid of Erythroxylum coca, is a powerful
stimulant that is primarily metabolised by the three esterases
pseudocholinesterase, hCE-1 and hCE-2. Cocaine is hydrolysed
mainly by hCE-1 to benzoylecgonine, the primary metabolite
excreted in urine, or by pseudocholinesterase and hCE-2
to ecgonine methyl ester. In the presence of ethanol, hCE-1
catalyses transesterification of cocaine to cocaethylene, a toxic
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metabolite that can be further hydrolysed by hCE-1 to benzoylecgonine or by hCE-2 to ecgonine ethyl ester. In contrast,
it was shown recently (Hatfield et al. 2010) that cocaine is not
hydrolysed by the human liver hCE1, neither as highly active
recombinant protein nor as enzyme isolated from human liver
or intestinal extracts. These results correlate well with computerassisted molecular modelling studies that suggest that hydrolysis of cocaine by hCE1, would be unlikely to occur. Cocaine is
a substrate of the intestinal ChE, as determined using both the
recombinant protein and the tissue fractions. Again, these data
are in agreement with the modelling results. The first step in
the oxidative metabolism of cocaine is N-demethylation to
pharmacologically active norcocaine mainly by CYP3A4. Norcocaine is further metabolised by N-hydroxylation catalysed
by several CYP enzymes. There is widely differeing activities of
human cholinesterase variants with a 10-fold lower binding
efficiency for cocaine and 10-fold lower catalytic efficiency. This
leads to the possibility that individual responses to cocaine may
be mediated in part by greater or lesser metabolic capacity,
genetically determined variations in cholinesterase activity or
by the activity of the carboxylesterase.
The main metabolite benzoylecgonine can be detected in
urine for 2–3 days after an intranasal dose of 100 mg of cocaine.
The detection time of cocaine itself in blood is approximately
4–6 hours after a dose of 20 mg and approximately 12 hours
after a dose of 100 mg. In the serum of chronic users, benzoylecgonine is detectable for 5 days on average.

Methylenedioxyamphetamines
3,4-Methylenedioxy-methylamphetamine (MDMA) undergoes
two main metabolic pathways. The predominant pathway in
humans involves multiple CYP enzyme-catalysed O-demeth
ylenation of MDMA to 3,4-dihydroxymethylamphetamine
(DHMA), followed by catechol-O-methyltransferase (COMT)catalysed O-methylation, primarily to 4-hydroxy-3methoxymethamphetamine (HMMA). DHMA and HMMA
may also be conjugated by UGT to DHMA 3-glucuronide,
DHMA 4-glucuronide and HMMA glucuronide, or by sulphotransferase (SULT) to DHMA 3-sulphate, DHMA 4-sulphate
and HMMA sulphate. A minor pathway includes demethylation to 3,4-methylendioxyamphetamine (MDA) followed
by demethylenation to 3,4-dihydroxyamphetamine (DHA),
O-methylation to 4-hydroxy-3-methoxyamphetamine (HMA)
and respective conjugation. Besides this, MDMA is known to
be a potent mechanism-based inhibitor of CYP2D6 which is
also assumed to influence MDMA-induced neurotoxicity.
DHMA was also shown to inhibit its own metabolism as well
as the methylation of dopamine.
Additionally, different pharmacokinetic properties were
observed for the two MDMA enantiomers. The S-enantiomer
is eliminated from plasma at a higher rate than the R-enantiomer
most likely explained by stereoselective metabolism. Concerning CYP-demethylenation to DHMA, the initial metabolic step,
marked enantioselectivity towards S-MDMA was observed for

CYP2C19 and slight preferences for CYP2D6. COMTmethylation of DHMA to HMMA and CYP-N-demethylation
to MDA demonstrate similar selectivity. HMMA glucuronidation by UGT1A9 is markedly stereoselective with preference for
the formation of the S-enantiomer glucuronide, whereas glucuronidation by UGT2B7 favours the R-enantiomer. UGT2B15
and UBT2B17 reveal only slight preferences for S-HMMA. In
human liver microsomes, slight preferences for S-HMMA can
be observed. Sulphation of HMMA is mainly catalysed by
SULT1A3 and to a minor extent by SULT1E1. Enantiomeric
preferences cannot be observed for SULT1A3 or human liver
cytosol. Conversely, the efficiency for S-DHMA 3-sulphate formation is twice as high as for its R-enantiomer, both in SULT1A3
and human liver cytosol. One reason for this difference in enantioselectivity might be the position for sulphation. DHMA is
mainly sulphated in position 3, whereas HMMA can only be
sulphated in position 4.
Monitoring of stereoselective elimination of MDMA and its
main metabolites in vivo also exhibited changes in enantiomeric disposition over time. MDMA, DHMA and HMMA sulphate revealed preferences for the R-stereoisomer elimination;
conversely, all other metabolites showed more S-isomer within
the first 24 hours after ingestion. In the later excretion phase
(after 24 hours), R/S ratios were >1 for all compounds. Generally, changes in the R/S ratios over time could be useful for
estimation of ingestion time. The use of R/S cut-off values for
different MDMA metabolites was shown to be useful for rough
estimation of ingestion time and to distinguish between recent
(within 24 hours) or earlier MDMA consumption in human
urine. R/S cut-offs ≥2 for MDMA, HMMA sulphate and
HMMA glucuronide and ≥1 for MDA, HMMA and DHMA
sulphate correctly predicted time of ingestion in more than
87% of all samples.

Amphetamine and methamphetamine
In general, six different chemical processes are important in
the metabolism of amphetamines. These are mainly aromatic
4-hydroxylation, N-dealkylation and oxidative deamination
and to a minor extent, aliphatic β-hydroxylation, N-oxidation
and conjugation of the nitrogen. Amphetamine is metabolised
by the hydroxylation of the benzene ring at the 4-position
to 4-hydroxyamphetamine and β-hydroxylated to 4hydroxynorephedrine. Additionally, amphetamine is converted
to phenylacetone and subsequently oxidised to benzoic acid.
Methamphetamine is metabolised by hydroxylation and
N-demethylation to form 4-hydroxymethamphetamine, also
known as pholedrine and to amphetamine, respectively. Ring
hydroxylation of amphetamine and methamphetamine is catalysed by CYP2D6 and inhibitors of CYP2D isozymes can block
approximately 90% of this reaction. Also the N-demethylation
of methamphetamine is catalysed by this isoform. Interestingly,
amphetamine and methamphetamine are substrates as well as
competitive inhibitors of CYP2D6. The oxidative deamination
is catalysed by monoamine oxidase (MAO). This deamination
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to phenylacetone appears to be also catalysed by CYP2C hence
playing a major role in the deamination of amphetamine. Betahydroxylation is carried out by dopamine-β-hydroxylase, which
reacts stereoselectively with the S-enantiomer of amphetamine
and methamphetamine. The S-enantiomers of amphetamines
are generally more rapidly metabolised than corresponding
R-enantiomers due to enantioselective N-demethylation and
β-hydroxylation.

50.8 Excretion
Xenobiotics can be eliminated from blood via two main routes
the so-called renal or hepatic elimination. In the latter route,
drug elimination consists of two processes, metabolism and
renal or biliary excretion of the metabolites. More polar xenobiotics that are not reabsorbed in the kidneys are eliminated by
direct renal filtration. Some volatile compounds such as ethanol
or gaseous anaesthetics leave the body mainly by exhalation.
Smaller amounts of xenobiotics can be excreted also via sweat
or milk. The latter can be risky for the breastfed baby.

50.8.1 Enterohepatic circulation
Hepatocytes can transfer xenobiotics from blood plasma to the
bile for the purpose of elimination from systemic circulation.
Mainly more bulky and hydrophobic drugs are underlying this
biliary excretion. As depicted in Fig. 50.1, glucuronides or sulphates of certain drugs can be excreted into bile and transferred
to the intestine. Endogenous bacteria play an important role in
this enterohepatic circulation providing glucuronidases and
arylsulphatases that hydrolyses glucuronide and sulphate conjugates. The free compounds can then be reabsorbed. This
process is named enterohepatic circulation. This recirculating
drug can amount to about 20% of total drug in the body and
therefore dramatically prolong drug action. This is, for instance,
of importance for drugs such as digitoxin, tamoxifen, rifampicin,
carbamazepine, barbiturates and oral contraceptives. Moreover,
beside therapeutic drugs, this is also of importance for some
toxic compounds such as colchicine (ingredient of Colchicum
autumnale, also known as ‘meadow saffron’) or amatoxins from
Amanita phalloides.

50.9 Conclusions
The impact of individual genetic variations is given in all stages
of the LADME process. Such variations have to be considered
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especially when interpreting analytical results in CT and particularly in FT. They may have an impact on conclusions drawn
from blood plasma concentrations or urinary concentrations
of certain compounds with respect to the amount of ingestion.
Furthermore, such variation may influence the time of detection of drugs and in consequence may lead to misinterpretation
of the time of ingestion.
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51.1 Alcohols
Alan Wayne Jones
Depending on the amounts consumed (the dose) all substances
are poisons and this includes the low molecular weight aliphatic
alcohols, exemplified by ethanol, methanol, isopropanol
(2-propanol), ethylene glycol and 1,4-butanediol. In this
chapter, the alcohol of principal interest is ethanol or grain
alcohol, which is the psychoactive substance contained in all
alcoholic beverages. Indeed, ethanol is the drug most often
identified in biological specimens during routine forensic
investigations of living and deceased persons (Jones and Holmgren 2009). Examples of alcohol-related crimes include
driving under the influence of alcohol (DUIA), and drug facilitated sexual assaults. In connection with forensic autopsies,
acute alcohol poisoning or chronic alcoholism are often
reported as the cause of death, which makes the determination
of ethanol in blood and other body fluids the most frequently
requested procedure in postmortem toxicology (Jones and Holmgren 2003a).
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Moderate consumption of alcohol (10–20 g ethanol daily)
has no adverse effects on a person’s health and this amount of
alcohol, especially as red wine, is recommended by some
medical authorities as a prophylactic treatment against cardiovascular diseases, such as stroke (Klatsky et al. 2002). However,
for about 10–15% of the population, especially among men,
initial moderate drinking escalates into heavy drinking and
abuse of alcohol, with negative consequences for the individual
and society (Room et al. 2005). Overconsumption of alcohol
often wrecks people’s lives, leads to premature death and brings
heavy costs to the health care system, in connection with rehabilitation of alcoholics and a host of alcohol-related diseases
(Gmel and Rehm 2003).
Controlled human dosing studies with aliphatic alcohols
other than ethanol are not possible for ethical and safety
reasons, owing to toxicity of the metabolites produced (Kraut
and Kurtz 2008). Nevertheless, useful information can be
obtained from clinical and emergency medicine when patients
poisoned with toxic alcohols are admitted for treatment (Henderson and Brubacher 2002). The degree of metabolic acidosis
and the concentrations of methanol or ethylene glycol deter-
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mined in blood are used to guide the proper life-saving treatment (Paasma et al. 2007).
Forensic practitioners need to know about the disposition
and fate of ethanol and other alcohols in the body, and the
factors influencing absorption, distribution, metabolism and
excretion (ADME) processes. The mechanism of toxicity of
aliphatic alcohols and the treatment strategy when dealing with
poisoned patients are other important considerations. Forensic
experts are often expected to interpret a person’s blood ethanol
concentration (BAC) in relation to the amount of alcohol consumed, the effect on performance and behaviour, the degree of
incapacitation and the ability to form intent. During the prosecution of drunken drivers, back-calculating a suspect’s BAC
from the time of sampling blood to the time of driving requires
knowledge of the pharmacokinetics of ethanol (Jones 2011).

Another way to classify alcohols is by the number of hydroxyl
groups in each molecule, such as mono-hydroxy (e.g. ethanol),
di-hydroxy (e.g. ethylene glycol), tri-hydroxy (e.g. glycerol)
or poly-hydroxy (e.g. mannitol). Table 51.1 compares the
physicochemical properties of low molecular weight alcohols
encountered in forensic science and legal medicine, including
methanol, ethanol, isopropanol, n-propanol, ethylene glycol
and 1,4-butanediol.
Alcohols undergo a wide range of chemical reactions as
expected from the aliphatic hydroxyl group in each molecule.
These reactions include halogenation to produce alkyl halides,
reduction to ethers and hydrocarbons, oxidation to aldehydes
or ketones as well as the formation of esters by reaction with

+

51.1.1 Chemistry of alcohols

+

Aliphatic alcohols are a family of chemical compounds that
contain one or more hydroxyl groups (-OH) bonded to a saturated carbon atom. Textbooks devoted to organic chemistry
usually represent alcohols with the general formula R-OH,
where R denotes an aliphatic hydrocarbon side chain and -OH
is the functional hydroxyl group. The chemical structure of
alcohols can be classified further as primary, secondary or tertiary depending on the number of alkyl groups bonded to the
carbon atom with the hydroxyl group (Fig. 51.1). Alcohols can
also be considered as derivatives of water with one hydrogen
atom replaced by a hydrocarbon group or, alternatively, as
hydrocarbons with one or more of the hydrogen atoms replaced
by hydroxyl groups.
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Figure 51.1 Structural formulae of some low molecular weight
aliphatic alcohols.

Table 51.1 Some physicochemical properties of aliphatic alcohols encountered in forensic and legal medicine.
Property

Methanol

Ethanol

n-Propanol

Isopropanol

Ethylene
glycol

1,4-Butanediol

CAS numbera

65-46-1

64-17-5

71-23-8

67-63-0

107-21-1

110-63-4

Molecular weight

32.04

46.07

60.09

60.09

62.07

90.12

Chemical
formulae

CH3OH

CH3CH2OH

CH3CH2CH2OH

(CH3)2CHOH

(CH2OH)2

HO(CH2)4OH

Structure

Primary aliphatic
alcohol

Primary aliphatic
alcohol

Primary aliphatic
alcohol

Secondary
aliphatic alcohol

Aliphatic diol

Aliphatic diol

Common name

Wood alcohol

Beverage or
grain alcohol

Propyl alcohol

Rubbing alcohol

Antifreeze

Industrial
solvent

Boiling pointb

64.7°C

78.5°C

82.6°C

82.5°C

197°C

230°C

Melting point

–95.8°C

–114.1°C

–126.5°C

–88.5°C

–13°C

16°C

Density

0.791

0.789

0.805

0.785

1.11

1.02

Solubility in
water

Mixes completely

Mixes completely

Mixes
completely

Mixes completely

Mixes
completely

10 g/100 mL at
23°C

c

a

Chemical abstract service (CAS) registry number.
At atmospheric pressure (760 mmHg).
c
At 20°C.
b
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carboxylic acids. In this chapter, the principal chemical reaction
of interest is biological oxidation, which is catalysed by enzymes
located mainly in the liver, namely alcohol dehydrogenase
(ADH) and aldehyde dehydrogenase (ALDH) and also a microsomal enzyme denoted CYP2E1 (Zakhari 2006).

51.1.2 Analysis of alcohols
Qualitative and quantitative determination of alcohols in biological fluids involves use of relatively simple analytical procedures and the equipment necessary is widely available in clinical
and forensic toxicology laboratories (Emerson 2004). The analytical method of choice is that of gas-liquid chromatography
(GLC) with a flame ionisation detector (FID), either by direct
liquid injection or by analysis of the equilibrated headspace
(HS) vapour (Tagliaro et al. 1992). HS analysis requires sampling the gas or vapour in equilibrium with the liquid blood or
other body fluid held at a constant temperature of 50 or 60°C
in an airtight glass vial. In principle, the distribution of volatile
substances between a gas and liquid phase depends on their
partition coefficient, the temperature of equilibration and the
composition of the liquid phase, such as its water and salt
content.
Specialised equipment is available for automated sampling
of HS vapour, which is a necessary requirement considering the
large workload of blood samples from police investigations of
traffic crimes, such as drunken driving (Machata 1975). HS
analysis offers the main advantage that the injection block and
GLC column are not contaminated with non-volatile constituents of blood, such as fats and proteins. Otherwise, liquid injections must be made using a pre-column or glass liner to trap
non-volatile constituents that would otherwise contaminate
the GLC stationary phase and lower the overall analytical
performance.
A robust and well proven analytical procedure for the determination of ethanol in blood for legal purposes is described
below (Jones and Schuberth 1989). The tubes of blood are first
carefully rotated five or six times to ensure that plasma and
red-cell fractions have not separated during standing. An
aliquot (100 μL) of the well-mixed blood specimen is then
diluted with an aqueous solution of an internal standard (IS),
usually another alcohol, such as n-propanol or t-butanol. This
dilution step is accomplished with high precision using a
diluter–dispenser device and a blood to IS dilution ratio of
1 : 10. This dilution step is necessary to eliminate matrix effects
and also to allow the use of aqueous ethanol standards for calibration of the GLC instrument and as quality control specimens. If the blood specimens submitted for analysis are from
living persons, then n-propanol is suitable as an IS, whereas
t-butanol should be used with autopsy specimens, because
small amounts of n-propanol can be produced after death if the
body has undergone decomposition (O’Neal et al. 1996).
The HS method of analysis requires that the blood and IS
mixture equilibrate in a glass vial made airtight with a rubber

septum and a crimped on aluminium cap. After allowing about
30 minutes to reach vapour–liquid equilibrium, an aliquot of
HS vapour (c. 1 mL) is removed using a heated gas tight syringe
and injected into the GLC instrument for analysis. Automated
HS-GLC analysis usually entails a balanced pressure HS sampling, which is a highly reproducible method, and several manufacturers produce such equipment.
Identification of the volatiles present in blood samples
(qualitative analysis) is achieved by measuring the retention
times, that is, the time elapsed after injection into the GLC
instrument until the apex of the peak on the gas chromatogram
appears. Retention times of the unknown peaks are compared
with authentic known compounds analysed under the same
operating conditions. The concentration of ethanol in blood
(quantitative analysis) is determined from the peak area ratio
of ethanol to IS or alternatively the peak height ratio, which is
directly proportional to area for sharp eluting peaks. The flame
ionisation detector (FID) is highly sensitive and gives a linear
response over a wide range of ethanol concentration (0.1–
5.0 g/L). The sensitivity of the method for analysis of ethanol
and other volatiles can be increased by adding an inorganic salt,
such as potassium carbonate (c. 1–2 g), to saturate the blood
sample in the HS vial. This increases the vapour pressure of
non-electrolytes and different salts have different efficacy as
salting-out agents and sodium chloride, sodium sulphate or
potassium carbonate have all been used for this purpose.
The concentrations of ethanol in blood are determined by
reference to a calibration graph constructed from analysing
known strength aqueous ethanol standards. These standards
are prepared from absolute ethanol, obtained from a trustworthy and traceable source, by first making a 10% w/v stock solution. The stock solution of ethanol is used to make working
standards by volumetric serial dilution with distilled water
covering a concentrations range of 0.1–5.0 g/L which can be
expected in forensic and legal medicine. The 10% w/v stock
solution can be stored in a refrigerator (4oC) for several months
without any measurable loss of ethanol.
Because results of blood ethanol analysis are important in
criminal prosecutions, all determinations should be made in
duplicate under conditions that furnish different retention
times for ethanol and other volatiles. Otherwise, two independent methods of analysis, such as GLC and enzymatic oxidation
method, should be used. The standard operating procedure for
legal purposes in Germany involves making two determinations
by GLC and two by an enzymatic method (Krause 2007). The
average of the four results is then reported and used as evidence
for prosecution in drink-driving cases. In other countries, such
as Sweden, duplicate determinations are made with two different GLC instruments and with column packing material (stationary phases) having a different polarity. Two technicians
work independently with different sets of equipment, thus
reducing the risk of mix-up of samples, such as when hundreds
of blood samples are analysed daily (Jones and Schuberth
1989).
The HS method is not suitable for analysis of aliphatic diols,
because of their higher boiling points (see Table 51.1). The
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Table 51.2 Results of an external proficiency test of clinical
chemistry laboratories in Sweden with focus on the
analysis of certain alcohols and acetone in plasma by
gas chromatographic methods.
Analyte

Na

Target value
(g/L)

All laboratory
mean ± SD (g/L)

Ethanol

40

2.44

2.41 ± 0.165

6.8

Methanol

31

1.92

1.84 ± 0.171

9.3

Isopropanol

29

0.72

0.69 ± 0.023

3.3

Acetone

25

1.85

1.66 ± 0.143

8.6

Ethylene
glycol

16

1.24

1.26 ± 0.157

12.4

CV%

CV%, coefficient of variation; SD, standard deviation.
a
Number of laboratories participating.

advantages and limitations of the various methods for analysis
of ethylene glycol in clinical and forensic chemistry laboratories
were recently reviewed (Porter 2012).
A method for the analysis of ethylene glycol in postmortem
blood was described that involved precipitation of proteins,
centrifugation and sampling the supernatant and direct injection into a GLC-FID instrument (Jonsson et al. 1989). Aliphatic
diols are also often analysed by first making a chemical derivative, such as the butyl or phenylboronic ester, prior to GLC-FID
analysis (Porter and Rutter 2010). Other derivatives, such as the
trimethylsilyl esters, are also described for analysis of aliphatic
diols. The internal standards in the ethylene glycol assay might
involve 1,2-propanediol, 1,3-propanediol or 2,3-butanediol.
Table 51.2 presents the results of an interlaboratory proficiency test of clinical chemistry laboratories in Sweden when
various alcohols, including ethylene glycol, were determined in
plasma. All laboratories participating in this trial used some
type of gas chromatographic method and agreement between
the known (spiked) concentration and the mean concentration
reported by all participants was very acceptable. The betweenlaboratory precision, as reflected in the coefficients of variation,
calculated as standard deviations in percent of the means, were
less than 10% except for ethylene glycol, which is a more difficult alcohol to analyse.
Other biological fluids submitted for analysis of ethanol in
forensic casework, including plasma, serum, saliva, urine, sweat
and cerebrospinal fluid, and the HS-GC-FID method is used
for analysis. But because these other biological specimens
contain more water than an equal volume of blood, they will
contain a higher concentration of ethanol.

51.1.3 Disposition and fate in the body
Trace amounts of ethanol and methanol are produced naturally
in the body when micro-organisms inhabiting the intestines
and colon ferment dietary carbohydrates (Haffner et al. 1996).
Other metabolic pathways seemingly also exist that can produce
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small amounts of ethanol or acetaldehyde as was the subject of
a review article (Ostrovsky 1986). During the microbial fermentation process, acetaldehyde is generated and this becomes
reduced to ethanol by the action of ADH. Several studies have
shown that the concentrations of endogenous ethanol and
methanol in blood samples from abstainers is usually in the
range 0.5–1.5 mg/L and lack any clinical or forensic significance
(Sprung et al. 1981). Indeed, one of the physiological functions
of hepatic ADH is to destroy any ethanol produced by fermentation of sugars in the gut or ingested when people eat over-ripe
fruits or fruit juices containing small amounts of various alcohols (Logan and Jones 2000).
Because ethanol and other low molecular aliphatic alcohols
are more soluble in water than in lipids (see Table 51.1), large
quantities must be consumed to produce a pharmacological
effect. For example, feelings of mild euphoria might result after
a person drinks a bolus dose of 20 g ethanol (20 000 mg), which
compares with 10 mg of diazepam to treat an anxiety disorder
or 100 mg codeine as an analgesic or antitussive. The dosage
form of ethanol depends on the type of alcoholic beverage
consumed and concentrations in various drinks range from 3–5
vol% in beer, to 8–14 vol% in table wines, 15–22 vol% in fortified wines and 35–55 vol% in distilled spirits or liquor.
After their consumption, ethanol and other alcohols are
rapidly absorbed from the gut reaching the portal venous blood
and then transported first to the liver, then the heart and lungs,
and back to the heart before distribution throughout the total
body water compartment. Alcohols distribute into body fluids
and tissues according to their relative water contents, so urine,
saliva, sweat and cerebrospinal fluid (c. 100% water), are
expected to contain higher concentrations of ethanol than
blood (c. 80% water), after equilibration is reached (Jones
2008a).
The heart, the brain and the kidneys, are organs with a rich
blood supply and therefore they equilibrate rapidly with ethanol
in arterial blood, whereas resting skeletal muscle, with a low
ratio of blood flow to tissue mass takes longer to equilibrate.
This leads to a concentration gradient between the concentration of ethanol in arterial blood carrying alcohol to tissue and
venous blood returning to the heart. When a bolus dose (0.6 g/
kg) of ethanol was consumed on an empty stomach, the arterial
BAC was higher than the venous BAC shortly after drinking by
as much as 0.25 g/L. This decreased as time after drinking
increased and on reaching the postabsorptive phase, the venous
BAC was slightly higher than the arterial BAC by about 0.02–
0.10 g/L (Jones et al. 2004).
The distribution volume (Vd) for ethanol will depend on
water content of the entire body (c. 60% w/w) in relation to
blood water (∼80% w/w) and values ranging from 0.6 to 0.8 L/
kg have been determined in numerous pharmacokinetic studies
(Jones et al. 1992). However, in any specific individual, the Vd
will depend on body composition, especially the proportion of
fat to lean tissue. Obese individuals are expected to have a
smaller Vd for alcohols, because they have less water/kg body
weight and therefore less space for dilution of ingested ethanol
(Jones 2007).
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The pharmacokinetic parameters of ethanol depend on
whether the concentration–time (CT) profiles were derived
from analysis of plasma (or serum) or whether whole blood
was used for analysis. This follows because plasma and serum
are c. 92% w/w water and whole blood is c. 80% w/w water,
giving a mean serum/blood distribution ratio of ethanol of c.
1.16 : 1 with a 95% range of 1.12–1.20 (Iffland et al. 1999). The
systematically higher concentrations of ethanol in plasma compared with blood results in a steeper slope of the postabsorptive
phase and a higher y-intercept (C0) resulting in a lower ratio
dose/C0 and therefore lower Vd for ethanol.

Alcohol metabolising enzymes
Drug metabolising enzymes are mainly located in the liver and
these biological catalysts are necessary to allow complex biochemical reactions to occur at body temperature. The major
elimination pathway for aliphatic alcohols is via oxidative
metabolism and the metabolites formed are more toxic than
the parent drugs. Ethanol is oxidised first to acetaldehyde by
the action of ADH, which is located in the cytosol fraction of
hepatocytes and acetaldehyde is oxidised further to acetic acid
by ALDH, which is mainly located in mitochondria (Jornvall
et al. 1988). The low Michaelis constant km of ALDH ensures
that the concentrations of this toxic ethanol metabolite in
blood leaving the liver to reach the peripheral blood circulation
are very low.
The principal enzyme system engaged in the metabolism of
ethanol is class I liver ADH and its low km (0.05–0.1 g/L), means
that the enzyme is saturated with substrate after the first few
drinks. Accordingly, when the consumption of alcohol raises
BAC to 0.2–0.3 g/L or more, the hepatic ADH is working at full
capacity and a constant amount of ethanol is metabolised per
unit time (zero-order kinetics).
Hepatic class I ADH enzyme is also responsible for the
metabolism of other aliphatic alcohols, including methanol,
2-propanol and ethylene glycol, although the pharmacokinetics
of these alcohols appears to be first order rather than zero order.
This implies that a constant proportion of drug is eliminated
per unit time. The reaction schemes, including the enzyme and
coenzyme involved, in hepatic oxidation of primary and secondary alcohols are shown in Fig. 51.2, which shows that
primary alcohols are oxidised first to aldehydes and then carboxylic acids and secondary alcohols, such as 2-propanol, are
oxidised to ketones.
Human ADH occurs in several forms (polymorphic), which
are encoded by different genes and the various alleles give rise
to enzymes with different characteristics, including Vmax and km
and different specificity for substrates. These genetic differences
in ADH probably account for the observed ethnic and racial
differences in elimination rates of ethanol from blood and
interindividual differences in the same population (Edenberg
2007).
An important discovery in biological alcohol research
occurred when it was realised that certain nitrogen-containing
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Figure 51.2 The oxidative metabolism of ethanol and methanol
(primary alcohols) and isopropanol (secondary alcohol) by
alcohol dehydrogenase (ADH) and aldehyde dehydrogenase
(ALDH). The oxidised (NAD+) and reduced (NADH) forms of the
coenzyme nicotinamide adenine dinucleotide are also shown.

heterocyclic compounds, such as pyrazole and its 4-methyl
derivative, functioned as competitive inhibitors of liver ADH
(Li and Theorell 1969). These compounds compete with ethanol
for binding sites on the enzyme–coenzyme complex and in this
way slow the oxidative metabolism of ethanol to acetaldehyde.
Later on 4-methylpyrazole (4-MP) was developed into a therapeutic agent (fomepizole) with trade name Antizol and which
is now widely used in clinical medicine to treat people poisoned
with methanol or ethylene glycol (Brent et al. 2001).
Before fomepizole, the first-aid treatment for patients poisoned with methanol or ethylene glycol was to give them a
continuous intravenous infusion of ethanol (Roe 1955). Sterile
solutions of ethanol (7–10% v/v in saline) were given as an i.v.
bolus dose to reach a BAC of 1.0–1.2 g/L and thereafter a continuous intravenous ethanol drip (100 mL/h) providing 7–8 g
ethanol per hour. This amount of ethanol was sufficient to
replace that lost through metabolism and maintain a steady
state concentration in blood. The higher affinity of the class I
ADH for ethanol as substrate meant that oxidation of the more
toxic alcohols into their dangerous acid metabolites was prevented (Barceloux et al. 2002).
Because ethanol is a depressant of the central nervous system
it is less suitable as an antidote to treat children, who might
have inadvertently consumed methanol or ethylene glycol.
Neither should ethanol be used in adult patients with liver
dysfunction (e.g. alcoholics), so fomepizole has become the first
choice antidote, despite the fact it is much more expensive than
ethanol. The clinical efficacy of fomepizole for use in treating
people admitted to hospital after poisoning with methanol or
ethylene glycol has been reviewed elsewhere (Jacobsen and
McMartin 1997).
Figure 51.3 shows oxidative metabolism of ethanol and
methanol by ADH and ALDH along with the various isozymes,
the coenzyme NAD+ and its reduced form NADH and structures of two enzyme inhibitors, namely 4-methyl pyrazole
(fomepizole) and disulfiram (Antabuse). ALDH is blocked by
disulfiram, and if a patient drinks alcohol after taking this
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are expected to be similar to that of ethanol, namely 0.7 L/kg
for men and 0.6 L/kg for women. The Vd is an important pharmacokinetic parameter because it can be used to calculate the
amount of a substance absorbed and distributed in the entire
body from the concentration determined in a sample of blood.
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Figure 51.3 Polymorphism in the hepatic enzyme alcohol
dehydrogenase (ADH) and aldehyde dehydrogenase (ALDH) and
chemical structures of enzyme inhibitors, 4-methyl pyrazole
(ADH) and disulfiram (ALDH), shown for ethanol and methanol.

medication, the much higher concentrations of acetaldehyde
entering the blood triggers a range of unpleasant effects, including facial flushing, nausea, tachycardia and hypotension – hence
the name ‘aversion therapy’, as a way to scare the patient from
continuing to drink alcohol (Swift 1997). The acetic acid produced during the oxidation of ethanol is transported to peripheral tissues and converted into acetyl coenzyme A (CoA) via the
citric acid cycle and the end products are carbon dioxide and
water (Lundquist et al. 1962). Administration of 14C labelled
ethanol shows that 14CO2 is detectable in the exhaled air immediately afterwards.
Another important enzyme involved in the oxidative metabolism of ethanol is located in the microsomal fraction of hepatocytes, originally known as the microsomal ethanol oxidising
system (MEOS). Later research identified a family of cytochrome P450 enzymes and CYP2E1 was the one involved in the
oxidation of ethanol. Its higher km (0.6–0.8 g/L) compared with
ADH, means that CYP2E1 is more important in clearing
ethanol from the blood after moderate or heavy drinking when
high BAC is reached (Lieber 2004). An interesting feature of
CYP2E1 is that after a period of continuous heavy drinking the
activity of the enzyme increases, a process known as enzyme
induction (Oneta et al. 2002). It is this mechanism that is
offered to explain the faster elimination rates of ethanol (0.25–
0.35 g/L per hour) seen in alcoholics during detoxification
(Keiding et al. 1983).

Aliphatic alcohols
The alcohols mostly encountered in clinical and forensic medicine are listed in Table 51.3 along with their toxic metabolites
and also the main clinical manifestations of poisoning. All the
alcohols are completely miscible with water (see Table 51.1) and
do not bind to plasma proteins, so distribution volumes (Vd)

At room temperature and atmospheric pressure ethanol is a
clear, colourless and flammable liquid and its physicochemical
properties are summarised in Table 51.1. In pure form ethanol
has a characteristic and agreeable odour, a sharp taste and burns
in air with a blue flame. The molecules of ethanol are unionised
at physiological pH (7.3–7.4) and its small molecular size and
high solubility in water means that it easily passes through
biological membranes by passive diffusion. Ethanol distributes
into the total body water space, which represents about 50–60%
of a person’s body weight, and ethanol can be used as a tracer
in dilution experiments to estimate total body water (Endres
and Gruner 1994).
The absorption of ethanol starts to occur immediately after
starting to drink alcoholic beverages, although the speed of
absorption is faster from the upper part of the small intestine
(duodenum and jejunum), owing to the larger absorption
surface area provided by the villi and microvilli. Accordingly,
the rate of ethanol absorption into the blood depends on the
factors that influence gastric emptying, especially eating a meal
before drinking.
Hundreds of controlled drinking experiments show that the
peak concentration of ethanol in blood (Cmax) might occur
10–120 minutes after the end of drinking. Much depends on
the dose of ethanol, the type of beverage consumed (beer or
spirits), the speed of drinking and especially the fed or fasted
state of the individual (Jones and Jonsson 1994). Initially, the
rate of absorption of ethanol occurs faster than the rate of
distribution and metabolism, which is reflected in the BAC
curve showing a rising phase. After drinking ends, the rate of
absorption into the blood slows and at some point becomes
equal to the rate of metabolism and excretion and thereafter
the BAC enters the postabsorptive descending phase.
Most of the ethanol a person drinks (90–98%) is removed
from the body by oxidative metabolism in the liver, although a
very small fraction (<1%) undergoes conjugation reactions
producing ethyl glucuronide and ethyl sulphate (Helander et al.
2009). Other non-oxidative metabolites of ethanol include
various fatty acid ethyl esters and phosphatidylethanol, both of
which have found applications as biomarkers of excessive
drinking (Jones 2008b). The remainder of the dose of ethanol
consumed (2–8%) is eliminated unchanged by filtration in the
kidney with the urine, exhalation via the lungs in the breath
and through the skin with sweat (Jones 2006). The various
elimination pathways of ethanol are depicted in Fig. 51.4.
Pharmacokinetics of ethanol Pharmacokinetics is a branch of
pharmacology concerned with rates of absorption, distribution,
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Table 51.3 List of toxic alcohols and their metabolites often encountered in clinical and forensic toxicology and comments about their
occurrence and manifestations of toxicity.
Alcohol

Main metabolites

Occurrence and manifestations of toxicity

Methanol

Formaldehyde
Formic acid

The toxic metabolite formic acid lowers pH in the blood and causes severe
metabolic acidosis. The primary metabolite (formaldehyde) is incriminated
in damage to the retina causing blurred vision and sometimes blindness in
victims of methanol poisoning. Methanol poisoning is associated with an
elevated osmolal gap in serum, and also high anion gap. In postmortem
specimens analysis of blood formate is useful as evidence of methanolrelated deaths

Ethanol

Acetaldehyde
Acetic acid

Ethanol intoxication increases serum osmolal gap, although metabolic
acidosis is mild and is mainly caused by accumulation of lactic acid. The
toxic acetaldehyde metabolite is rapidly converted into acetic acid by the
action of low km aldehyde dehydrogenase (ALDH). Blocking the enzyme
with alcohol-sensitising drugs, such as disulfiram, leads to a range of
unpleasant physiological effects. The central nervous system depressant
effects of ethanol lead to death as blood ethanol reaches 3–4 g/L

Isopropanol
(2-propanol)

Acetone
Acetol
Propanediol

Isopropanol causes an elevated serum osmolal gap but not a dangerous
metabolic acidosis. Poisoned patients become ketonic, owing to production
of the metabolite acetone, which has a much longer elimination half-life
compared with parent drug. Depressant effects on the central nervous
system are similar to intoxication with ethanol

Ethylene glycol

Glycoaldehyde
Glycolic acid
Glyoxylic acid
Oxalic acid

This antifreeze solvent is converted into toxic metabolites, mainly glycolic
and glyoxylic acid. These cause severe metabolic acidosis and lowers
blood pH. Effects of ethylene glycol initially resemble ethanol intoxication
and elevated serum osmolal gap is highly correlated with serum glycol
content. The oxalic acid metabolite forms calcium oxalate crystals in the
renal tubuli leading to kidney failure

Diethylene
glycol (DEG)

2-Hydroxyethoxyacetaldehyde
2-Hydroxyethoxyacetic acid

Sweet-tasting solvent, often inappropriately used as a solvent vehicle for
some medicines, making them more palatable to take. Many deaths have
been recorded in developing countries, especially among children and the
elderly. DEG does not raise serum osmolality but does cause metabolic
acidosis and eventually renal failure in late stages of intoxication

1,4-Butanediol

γ-Hydroxybutyraldehyde
γ-Hydroxybutyric acid

Organic solvent used in some cosmetics and after ingestion is rapidly
converted into γ-hydroxybutyrate (GHB), an illicit drug of abuse. GHB is a
depressant drug causing impairment of body functions and many deaths
have been reported

metabolism and excretion of drugs (Holford 1987). Two important pharmacokinetic parameters of ethanol are the rate of
disappearance from blood, often denoted β or k0 and the
volume of distribution (Vd or rho factor), both of which have
been studied extensively in hundreds of controlled drinking
experiments (Jones 2010). After a moderate dose of ethanol
(>0.5 g/kg) the main metabolising enzymes become saturated
with substrate and the elimination kinetics is zero order as
indicated by the BAC curve decreasing at a constant rate per
unit time. This contrasts with most other drugs, which are
metabolised by first-order kinetics, and the elimination rate
from blood is proportional to the prevailing drug concentration (Rowland and Tozer 1995).
Because the principal metabolising enzyme (ADH) is saturated with substrate after 1–2 drinks, ethanol is a good example
of a drug that exhibits dose-dependent or capacity limited

kinetics that are best described mathematically by the Michaelis–
Menten equation (Wilkinson 1980). However, over the range
of BAC encountered in forensic and legal medicine (0.2–4.0 g/L),
the assumption of zero-order kinetics is perfectly adequate to
describe the elimination rate of ethanol from blood (Jones
2011).
If the dose of ethanol is consumed on an empty stomach,
such as after a 10-hour fast, its bioavailability is close to 100%
as confirmed by ethanol dilution experiments to determine
total body water (Jones et al. 1992) giving results in good agreement with isotope dilution methods. However, when ethanol is
consumed together with or after a meal, the rate of absorption
is slower and both peak BAC and the area under the BAC curve
are lowered compared with drinking the same dose on an
empty stomach (Kalant 2005). This lower bioavailability probably stems from a more effective presystemic first-pass metabo-
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Figure 51.4 The fate of ingested ethanol in the body, and the
relative amounts removed by oxidative and non-oxidative
metabolism or excreted unchanged.

lism of ethanol when absorption is delayed by presence of food
in the stomach. The lower blood alcohol curves after eating a
meal before drinking were referred to in the older German
literature as ‘absorption deficit’ and on some occasions only
about 80% of the dose administered could be accounted for as
reaching the systemic circulation.
Two BAC curves obtained when the same person drank 0.8 g
ethanol/kg body weight on an empty stomach or after eating a
standardised breakfast are shown in Fig. 51.5. Besides a smaller
area under the curve in the fed state, some of the ethanol seemingly fails to reach the systemic circulation, as shown by the
lower y-intercept (C0) under these conditions (Jones and
Jonsson 1994). Although not proven by actual experiments,
some have suggested that ethanol might have become tightly
bound to constituents of the food eaten, such as the amino
acids, and excreted later with faeces. Other explanations invoke
a more effective oxidative metabolism during the absorption
portion of the BAC curve or that the ethanol molecules bound
to food particles are absorbed into the blood when the BAC has
reached the postabsorptive phase.
The most widely used and accepted method to evaluate
blood alcohol curves in quantitative terms is that developed by
Erik M. P. Widmark in the 1930s, who also introduced the
concept of zero-order kinetics (Widmark 1932). Figure 51.6
shows such a blood–ethanol curve in one healthy male subject
who drank 0.68 g/kg taken as neat whisky on an empty stomach
(overnight fast). Also shown is the best-fitting straight line
(dashed) using selected data points on the postabsorptive
portion of the curve. Extrapolating this straight line to intersect
the y-axis and x-axis gives two important pharmacokinetic
parameters, namely the y-intercept (C0) and the x-intercept
(min0). From these parameters, the elimination rate of ethanol
from blood (β) is calculated as C0/min0 and the volume of

Figure 51.5 Comparison of blood alcohol curves in the same
individual after 0.8 g/kg was consumed on an empty stomach
(10 h fast) or after eating a standardised breakfast. The dashed
diagonal lines intersecting the ordinate define the absorption
deficit when alcohol was consumed after a meal.
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Figure 51.6 Typical blood alcohol curve in one healthy male
subject after drinking a moderate bolus dose of ethanol on an
empty stomach (10 h fast). The pharmacokinetic parameters are
derived according to the method developed by Widmark (Jones
2011).

distribution (rho) as dose (g/kg)/C0. The rho factor therefore
represents the ratio between the amount of alcohol in the entire
body (dose) and the concentration in blood (C0). The values of
C0 and β can also be obtained from the coefficients in a linear
regression equation (Ct = C0 – β × t) with BAC as y-variable
and sampling time as x-variable
The C0 parameter in Fig. 51.6 represents the BAC obtained
if the entire dose of ethanol had been absorbed and distributed
into all body fluids and tissues without any metabolism or
excretion occurring. The C0 is always higher than that obtained

908

PART VII   TOXICOLOGY

by dividing the ingested dose (A) by the person’s body weight
in kilograms (A/kg). This follows because the body consists of
50–60% w/w water whereas the blood is 78–82% w/w water so
the concentration of ethanol is higher in the blood than in the
body. The expected ratio of concentrations is (50/82 = 0.61) for
women and (60/78 = 0.77) for men, although in any individual
case much depends on the relative water content of blood and
body composition especially the amount of fat to lean tissue
(obesity).
The amount of ethanol absorbed and distributed in all body
fluids and tissues at a given time can be calculated from the
concentration determined in a specimen of blood (BAC)
according to the following equation:
BAC (C0 ) = A/(kg × rho)
A = C0 × kg × rho
The rate of elimination of ethanol from the entire body, sometimes denoted as B60, is obtained by dividing the dose (g/kg)
administered by the extrapolated time to reach the zero BAC
(min0) as shown in Fig. 51.6. The same result in units of grams
of ethanol per hour or g/kg per hour is also obtained from the
product of β × rho × body weight.
The parameters Vd and β are not known in any individual
forensic case, so it is customary to assume average values for
the population for use in blood alcohol calculations. The distribution volume of ethanol (Vd) depends on the person’s age
and gender and the relative proportion of fat to lean tissue in
the body. Accordingly, women are expected to have a smaller
Vd than men, because the female gender has less water per kilogram of body weight to dilute the alcohol. The average Vd for
ethanol according to hundreds of controlled human dosing
studies are 0.60 L/kg for women and 0.70 L/kg for men, with an
uncertainty of about ±20%, because of interindividual variations in body composition.
Average values for the elimination rate of ethanol from
blood and the apparent distribution volume based on experiments with healthy volunteers are summarised in Table 51.4.
For comparison, rates of elimination from blood in alcoholics
during detoxification are also shown, but for these individuals
it was not possible to determine the Vd of ethanol because dose
and time of ingestion was not known. The faster rate of elimination of ethanol in people habituated to alcohol results from
induction of the CYP2E1 enzyme, as one consequence of
chronic and continuous heavy drinking.
Amount of alcohol in the body For a drug such as ethanol it
is easy to calculate the amount absorbed and distributed in the
body (A) from the concentration determined in the blood BAC
(Ct) with the following equation:
A = Ct × body weight (kg) × rho
where A is amount of ethanol in grams, Ct is the concentration
in blood (mg/g or g/kg) and the person’s body weight is in kg,

Table 51.4 Examples of elimination rates of ethanol from blood
(β) and the apparent distribution volumes (rho factor
or Vd) based on results from hundreds of human
dosing experiments.
Subjects

Na

Elimination rate
from blood (g/L/h)

Distribution
volume (L/kg)

Men

164

0.15b

0.70d

Women

156

0.17b

0.60d

Alcoholics

136

0.22c

Not possible to
determine

a

Number of participating subjects.
Average for moderate drinker, with a range from 0.10 to 0.25 g/L per hour
in any individual case.
c
Determined during detoxification with a variation from 0.13 to 0.35 g/L per
hour between individuals.
d
Average for non-obese healthy individuals and the mean value is lower in
women than in men and also lower in the elderly (>60 years). Individual
variations are about ±15–20% depending on body composition especially
the proportion of fat to lean tissue.
b

which means the rho factor is a ratio without dimensions. This
equation gives spurious results if the blood is taken too soon
after the end of drinking when absorption and distribution are
not completed. Any alcohol remaining unabsorbed in the
stomach is not contributing to the person’s BAC and so the
amount of alcohol ingested is underestimated using this equation. Furthermore, neither does the Widmark equation consider any presystemic first-pass metabolism of ethanol that
might occur to lower bioavailability of the dose (Pond and
Tozer 1984). In situations when alcohol is taken in divided
doses over prolonged drinking times, the bioavailability seems
to be appreciably less than expected and this might need to be
considered when blood alcohol calculations are made in forensic casework (Jones et al. 2006).
Total amount of alcohol consumed The postabsorptive phase
of the blood alcohol concentration versus time curve can be
described by the simple equation for a straight line, namely
Ct = C0 – β × t. If this equation is combined with the one
described above for the amount of alcohol absorbed and distributed in the body (A = C0 × kg × rho), then the total amount
of alcohol consumed (A) is given by:
A = kg × rho × (Ct + βt)
By rearrangement, the above equation allows the calculation
of the BAC (Ct) expected after drinking a known quantity of
ethanol (A).
Ct = A/(kg × rho) − (β × t).
However, making forward predictions of BAC based on a given
drinking scenario assumes that the entire dose becomes fully
absorbed and distributed in all body fluids and tissues and
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that first-pass metabolism was negligible, which is not always
the case.
A useful rule of thumb in forensic casework is to assume
an ethanol elimination rate from the entire body, denoted (B60),
of c. 0.1 g/kg body weight per hour, which corresponds to 7 g/h
for a person weighing 70 kg. B60 seems to be independent of the
person’s age and gender, because the lower rho factor in women
(Vd) is compensated by females having a steeper slope (β) in
the postabsorptive elimination phase of the BAC curve, making
B60 the same for both sexes.
The amount of alcohol in the body in grams of 100% ethanol
can easily be converted into the number of drinks consumed,
whether beer, wine or spirits. Note that the concentrations of
ethanol in alcoholic beverages are per cent by volume (% v/v),
which must be converted into per cent weight/volume (% w/v)
by multiplying by the density of ethanol 0.79 g/mL. Accordingly
whisky (40 vol%), wine (12 vol%) and beer (5 vol%) correspond to 31.6 g%, 9.5 g% and 4.0 g%, respectively.
Pharmacodynamics of ethanol Despite their simple chemical
structures, aliphatic alcohols exert a wide spectrum of biochemical, behavioural and pharmacological effects on the body.
Together with other organic solvents, such as ether and chloroform, as well as anaesthetic gases, such as halocarbons and
nitrous oxide, ethanol belongs to a class of pharmacological
agents known as central nervous system depressants. The high
solubility of ethanol in water and low solubility in lipids (fatty
tissue), means that large quantities must be administered to
produce stupor and anaesthesia compared with general anaesthetic gases and liquids.
Dynamics means power, so pharmacodynamics refers to the
action of drugs and how they influence body functioning. The
effects of ethanol and other alcohols on a person’s performance
and behaviour depends on many factors including the dose
given, the route and speed of administration, the age, body
weight and gender of the individual. Also important is the
individual’s degree of tolerance to the actions of ethanol, which
depend on the extent and duration of previous exposure and
therefore on habituation. Ethanol and other alcohols were once
thought to penetrate nerve cell membranes in a non-specific
way and disrupt the normal functioning of cells.
Because a very high BAC (4.5 g/L) was necessary to cause
perturbation of nerve cell membranes, it became obvious that
other mechanisms existed to explain the intoxicating effects of
ethanol. Ethanol acts on at least two brain receptors, one for
the major inhibitory neurotransmitter γ-aminobutyric acid
(GABA) and the other is the excitatory neurotransmitter glutamate. Ethanol increases the inhibitory activity of GABA, especially the GABAA receptor subtype. Ethanol decreases the
excitatory activity of glutamate, especially via the N-methyl-Dasparate (NMDA) receptor subtype. Other neurotransmitter
systems putatively involved in the action of ethanol, include
dopamine, serotonin and endorphins.
The impairment effects of ethanol on cognitive and psychomotor performance are more pronounced on the rising phase
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of the BAC curve and close to the time the peak concentration
in blood is reached. A marked recovery in ethanol-induced
impairment occurs on reaching the declining postabsorptive
phase of the BAC curve and results appear normal or not very
different from the predrinking scores. This temporal variation
in cognitive, behavioural and psychomotor effects of ethanol is
closely related to the development of acute tolerance or adaptation, which tends to complicate the interpretation of BAC in
any individual case. Without knowing the pattern of drinking
and the position of the BAC curve it is not possible to make a
reliable statement about the degree of impairment of the
individual.
Although ethanol is a depressant of the central nervous
system, people feel more relaxed, talkative and self-confident
after small doses and some experience a mild euphoria. This
action of ethanol is explained by suppression of central inhibitory mechanisms (disinhibition). As larger doses of ethanol are
consumed and successively higher BACs are reached, a person’s
performance and behaviour deteriorates as reflected in impaired
coordination, lack of judgment and control, sedation, ataxia,
incoherent speech, loss of motor control and so on. At very high
BAC (3–4 g/L) ethanol interferes with respiratory and circulatory brain function resulting in coma and death.
Many of the effects of ethanol on brain chemistry and
neurotransmission, such as the alleviation of anxiety, loss of
inhibitions and prolongation of reaction time and motor incoordination resemble what happens if a person takes barbiturates or benzodiazepine drugs. Indeed, the mechanisms and
sites of action of ethanol in the central nervous system are
shared by these depressant drugs. Experiments both in vivo
and in vitro have shown that the cognitive and behavioural
effects of ethanol are mediated via cell membrane receptors for
the inhibitory neurotransmitter GABAA. Ethanol enhances
GABAA receptor functioning by binding to a specific site on the
ion channel to allow the flow of chloride ions into the cell.
Another receptor site for the action of ethanol is the (NMDA)
glutamate receptor. Ethanol exerts an antagonistic effect on the
NMDA receptor subtype, which is normally activated by the
excitatory neurotransmitter glutamate. This antagonism helps
to explain some of the euphoric and sedative effects of ethanol
intoxication.
The clinical signs and symptoms of intoxication resulting
from drinking methanol, isopropanol or ethylene glycol resemble that of ethanol and the sites of action in the brain are also
probably the same, namely the GABA-A receptor complex
among others.

Methanol
Methanol is the simplest of the aliphatic alcohols in terms of
its chemical structure (CH3OH), but also the most dangerous
when it comes to acute toxicity. Methanol is particularly dangerous without the concomitant ingestion of ethanol and
30–50 mL of pure methanol solvent has proven fatal (Karadeniz
and Birincioglu 2011). Methanol poisoning deaths are fairly
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Table 51.5 Approximate concentrations of congener alcohols (mg/L) determined in alcoholic beverages along with their ethanol content
as vol%. After Bonte (2000).
Drink
Beer

Ethanol
(vol%)

Methanol

n-Propanol

n-Butanol

2-Butanol

Isobutanol

2-Methyl
butan-1-ol

3-Methyl
butan-1-ol

4–5

1–15

10–20

0

0

10–20

10–20

40–60

10–12

80–120

20–40

0–5

0

40–70

20–40

100–150

White wine

8–11

20–50

20–60

0–5

0

40–80

20–40

100–150

Fruit
brandies

35–40

2000–5000

800–3000

150–300

40–80

200–400

Whisky

35–40

80–150

150–200

0

0

200–400

40–150

150–500

Vodka

35–40

1–100

0–15

0

0

Cognac

35–40

120–300

100–200

0

0

Red wine

0–300

common in developing countries, such as parts of Africa and
India, where there is widespread sale of illicit alcoholic beverages that often contain dangerously high concentrations of
methanol. The problem of illegally produced liquor is also a
concern in some Western nations where conventional alcoholic
beverages are expensive owing to taxation laws (McKee et al.
2012). Some of these clandestine alcohol products might have
been fortified by adding industrial alcohols, such as methanol
or ethylene glycol, making them dangerous to consumers.
Methanol is widely used as a laboratory reagent in the chemical and pharmaceutical industry and is one of the components
of antifreeze, varnishes, lacquers, windscreen wiper fluids,
de-icers, paint thinners and stain removers. Embalming fluids
also contain significant amounts of methanol, which is a preferred solvent to the more toxic formaldehyde. This needs to be
considered if and when toxicology is done on specimens taken
from embalmed bodies.
After absorption into the blood, methanol is metabolised by
first-order kinetics and its elimination half-life (t½) is therefore
an important parameter. This expresses the rate of change in
blood or plasma concentration in units of time and represents
the time required for the amount of drug in the body, or the
concentration in blood or plasma, to decrease by one half
(50%). A useful rule of thumb is that 97% of the drug is eliminated from the body after about five half-lives. Experiments in
alcoholics during detoxification showed that methanol was
eliminated from blood with a half-life of 2–3 hours (Jones and
Sternebring 1992).
For drugs metabolised by first-order kinetics, a plot of the
concentration in blood or plasma versus time is an exponential
function defined by the equation dC/dt = –kC, where k is the
first-order elimination rate constant having units of reciprocal
time (1/min or 1/h). The half-life of a drug is calculated directly
from the rate constant as t½ = ln2/k or t½ = 0.693/k.
Alcoholic beverages are mixtures of ethanol and water in
varying proportions, but they also contain trace amounts of
other low molecular weight substances, including methanol

400–800

0
200–400

0
100–150

0
600–800

(Bonte 2000). These other substances are referred to as congeners and are produced during the fermentation process,
depending on the type of carbohydrate and yeast, or produced
during the ageing and storage of the beverage in wooden casks.
The dictionary defines congeners as being ‘of the same class or
thing’ or ‘similar in nature’ and congeners are therefore other
alcohols besides ethanol (methanol, n-propanol and various
isomers of butanol and pentanol, etc.). Table 51.5 shows typical
concentrations of methanol in alcoholic beverages, which range
from traces in vodka, which is the cleanest alcoholic drink, to
1–5% v/v in fruit brandies (Bonte 2000).
The higher concentration of methanol in fruit brandy is not
a danger to human health because of the much larger amounts
of ethanol present. However, the concentrations of methanol in
blood increase during a period of continuous heavy drinking,
because the liver preferentially oxidises ethanol compared with
methanol. The production of small amounts of endogenous
methanol continues unabated during the drinking period,
which adds to any methanol contained in the alcoholic beverages consumed. Accordingly, people who drink large amounts
of ethanol daily are expected to have higher concentrations of
methanol in the blood after the drinking period ends. If the
concentration of methanol in blood is 10 mg/L or more, this
level is considered an indication of heavy problem drinking and
thus methanol might serve as a biomarker for alcoholism.
The metabolic interaction between methanol and ethanol is
illustrated in Fig. 51.7, which shows the profiles observed in two
alcoholics during detoxification (Jones and Sternebring 1992).
In both individuals, the concentrations of methanol in blood,
which are not dangerously high, remain more or less unchanged
as blood ethanol deceases towards zero. Only after the concentration of ethanol drops below 0.1–0.2 g/L (2 × km of ADH) is
methanol metabolised into its toxic metabolites. This led to the
suggestion that the toxic metabolites of methanol (formaldehyde and formic acid) might in some way be responsible for
the unpleasant aftereffects of an evening’s heavy drinking – the
hangover (Jones 1987).
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Figure 51.7 The concentration–time profiles of ethanol and
methanol determined in blood from two alcoholics during
detoxification: (a) male, (b) female. Note that the concentration
of methanol remains more or less constant at c. 10 mg/L during
the time ethanol is being metabolised.

Another application of methanol in forensic medicine is in
connection with the prosecution of drunken drivers, many of
whom claim that they drank alcohol after driving ended, the
so-called ‘after drink’ or hip-flask defence (Iffland and Jones
2003). Traffic offenders who are not apprehended by the police
sitting behind the wheel have the opportunity to claim they
consumed alcohol after driving, which is not always easy to
disprove.
German forensic practitioners developed the technique of
congener analysis, whereby the main congeners (other alcohols) in hundreds of different alcohol beverages were determined and then compared with the congeners present in blood
samples from the suspected driver (Bonte 2000). Under optimal
conditions, the results of this analysis can support or challenge
the claim of drinking a certain type of alcoholic beverage after
driving.
The major toxic metabolites of methanol are formaldehyde
and formic acid, the latter being responsible for the dangerous
state of metabolic acidosis in methanol poisoning (Jacobsen
and McMartin 1986). The visual disturbances caused by drinking methanol is the result of damage to the retina caused by the
metabolite formaldehyde. Other clinical features of methanol
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poisoning include dyspnoea (laboured breathing) and stomach
pains.
An outbreak of methanol poisoning in Norway resulted in
51 patients being admitted to hospital for emergency treatment
with nine deaths reported (Hovda et al. 2005). The victims had
consumed an illegally produced alcoholic drink which contained up to 20% v/v methanol. The fact that the drink also
contained ethanol meant that drinking continued for long
periods without the toxic symptoms of methanol poisoning
being noticed. The feelings of intoxication produced by ethanol
and methanol are similar and when ethanol is being metabolised, the dangerous methanol is not converted into its toxic
metabolites. Some of the untoward effects of drinking methanol including nausea and vomiting might have been confused
with hangover from overconsumption of ethanol. Abdominal
pains and visual disturbances develop later along with increases
in depth and rate of breathing to compensate for the metabolic
acidosis caused by elevated levels of formic acid in blood.
Patients often became cyanotic and comatose and death results
from respiratory and cardiac arrest.
This median blood methanol concentration on admission
was 0.8 g/L (range 0.1–4.7 g/L), median blood pH was 7.2
(range 6.5–7.5) and median base deficit was 22 mmol/L (range
0–31). The morbidity and mortality from drinking methanol is
exaggerated if the diagnosis is made late, as is often the case,
and metabolic acidosis is pronounced. Patients suffering from
respiratory arrest, who are comatose and have a blood pH <6.9
and base deficit >28 mmol/L on admission were less likely to
survive the poisoning ordeal (Hovda et al. 2005).
A mass poisoning involving methanol occurred in the small
Baltic country of Estonia in 2001 and many fatalities were
recorded (Paasma et al. 2007). The victims had purchased an
illegally produced alcohol that contained high concentrations
of methanol. Of the 154 people who had consumed the illicit
alcohol, 68 (44%) died, many even before they could be admitted to hospital. It seems that many drinkers did not realise they
were in any danger until it was too late and a metabolic acidosis
had become pronounced. The clinical symptoms of methanol
poisoning include abdominal pains, nausea, visual disturbances
and shallow breathing. The outcome seems to depend on the
concentration of methanol in serum, the degree of metabolic
acidosis and whether or not the patient was comatose or
managed to hyperventilate and compensate for the metabolic
acidosis (Paasma et al. 2009).
The serum concentration of methanol is positively correlated with osmolal gap in the initial phase of the poisoning,
whereas the anion gap is highly correlated with serum formate
concentration in the late stage of the poisoning (Jacobsen et al.
1982). The base deficit describes the amount of acid required
to return the blood pH of an individual to the reference range.
The anion gap is the difference between the most common
cations in serum (Na+ and K+) and the most common anions
(Cl– and HCO3).
When methanol intoxication deaths are investigated, some
laboratories will determine the concentration of formate in
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Figure 51.8 Concentration–time profile of isopropanol in one healthy individual who drank a 70 vol% solution diluted with 240 mL
water (0.6 mL/kg). (a) Exponential decline, which is characteristic of first-order kinetics, and (b) after logarithmic transformation.
Reproduced with permission from Monaghan et al. (1995), © Taylor and Francis.

blood as an aid in the diagnosis of poisoning (Jones et al. 2007).
The analysis of formate in blood is done by gas chromatography after making a methyl or ethyl formate derivative. The
analysis and concentration of formate in blood is useful in
reaching a diagnosis and interpretation of methanol poisoning
deaths, because complete metabolism of the alcohol has often
occurred by the time of death, whereas formate concentrations
remain elevated (Wallage and Watterson 2008).

Isopropanol
Isopropyl alcohol (2-propanol) is commonly referred to as
rubbing alcohol, because it evaporates after being rubbed on
the skin and produces a cooling and soothing effect. Isopropanol is a common denaturing agent in alcohol-containing commercial products, such as windscreen wiper fluid. Solutions of
isopropanol (70% v/v) are often used in hospitals as an antiseptic for disinfection of skin before sampling blood and handrub solutions used by health care workers often contain high
concentrations of this secondary alcohol. Alcoholics are known
to drink isopropanol as a cheap substitute for ethanol because
the intoxicating effects are very similar (Lacouture et al. 1983).
Because isopropanol is a secondary alcohol the first product
of oxidative metabolism is a ketone, in this case acetone. Drinking isopropanol is less of a dangerous than methanol or ethylene glycol and although it produces an elevated osmolal gap,
the anion gap or base deficit is usually normal, because the
metabolites (acetone) are not acidic. The signs and symptoms
of isopropanol intoxication are similar to those seen with
ethanol, except that drinkers become ketonic and have a strong
smell of acetone on their breath (Alexander et al. 1982). The
much longer elimination half-life of acetone (15–20 hours)
means that this metabolite accumulates in the body and is
measurable in blood and urine several days after consumption
of the isopropanol. The half-life of isopropanol ranges from

about 1–3 hours according to several controlled drinking
studies, being much shorter than its metabolite acetone (Daniel
et al. 1981).
The pharmacokinetic parameters of isopropanol and acetone
were investigated in healthy volunteers and intoxicated patients
(Natowicz et al. 1985). Figure 51.8 shows the serum profile of
isopropanol in one male subject after 0.6 mL/kg of a 70% v/v
solution was consumed as a bolus dose. The observed exponential decay is typical of drugs metabolised by first-order kinetics
(Monaghan et al. 1995) and a semi-logarithm transformation
converts the curve into a straight line with an elimination halflife of 0.94 hours. In the same group of subjects, the elimination
half-life of the acetone metabolite was much longer, ranging
from 15 to 19 hours.
In another study of isopropanol and acetone kinetics, three
male subjects drank 30 mL (70% v/v) diluted with 210 mL of
apple juice in 10 minutes (Lacouture et al. 1989). Figure 51.9
shows the mean serum profiles for isopropanol and acetone
concentrations from this experiment. The isopropanol peaked
at 30 minutes (mean 0.258 g/L), whereas acetone did not peak
until 4 hours postingestion (mean 0.335 g/L). The rise in
acetone concentration paralleled the decrease in serum isopropanol, as expected for parent drug and primary metabolite. The
elimination kinetics of acetone and isopropanol were not
reported in this study, although acetone was detectable 24 hours
or more after isopropanol was already cleared from the blood
stream.
The long elimination half-life of acetone is well illustrated
in Fig. 51.10 obtained from a drinking experiment in which one
healthy male subject drank 9.5 g acetone diluted with water
(Widmark 1920). The elimination half-life of acetone calculated from the postabsorptive portion of the curve was 18 hours
for this individual. In many forensic cases, isopropanol is often
negative in blood and urine but elevated concentrations of
acetone exist, which should not be interpreted to mean the
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Figure 51.9 Decrease in concentration of isopropanol and
increase in serum acetone after three subjects drank a 70 vol%
solution (0.40 mL//kg) diluted with 210 mL apple juice.
Reproduced with permission from Lacouture et al. (1983),
© Elsevier.

Acetone dose

Hydroxymetabolites
Figure 51.11 The endogenous production of ketone bodies during
lipolysis (acetone, acetoacetate and β-hydroxybutyrate) and
subsequent reduction of acetone to isopropanol via the ADH
pathway and further oxidation of acetone via P450 enzymes
(CYP2E1) to acetol. ADH, alcohol dehydrogenase; FFA, free fatty
acid.

ketone bodies, β-hydroxybutyrate and acetoacetate (Laffel
1999). Acetone is produced from acetoacetate by non-enzymatic
decarboxylation.
Table 51.6 reports the concentrations of acetone and isopropanol determined in autopsy blood when death was attributed
to alcohol ketoacidosis, diabetic ketoacidosis or isopropanol
ingestion (Petersen et al. 2012). In the two medical conditions,
the mean blood concentration of acetone was higher than that
of isopropanol, but not when people had died from drinking
the secondary alcohol.
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Figure 51.10 Concentration–time profile of acetone in blood
after one male subject drank 9.5 g diluted with water. The rapid
absorption from the gut and long elimination half-life of 18 h is
evident.

person drank acetone (Jones 2000). Therefore, the presence of
acetone in serum without measurable levels of isopropanol do
not rule out that the individual had consumed isopropanol
some time earlier.
Low concentrations of isopropanol and acetone are often
observed in autopsy blood samples, although this should not
be taken to mean the person drank isopropanol during life
(Palmiere et al. 2012). In some metabolic disease states, such as
diabetic ketoacidosis or alcoholic ketoacidosis, in which lipids
are converted into ketone bodies, the concentrations of acetone
are abnormally high and this opens the possibility for biological
reduction to isopropanol by the ADH pathway (Molina 2010).
Figure 51.11 shows the biosynthesis of ketone bodies, including acetone, during a prolonged food deprivation or when low
carbohydrate diets are eaten. Energy is produced from adipose
tissues during lipolysis when fatty acids are converted into

Alcohols with two hydroxyl groups in the same molecule are
referred to as diols and ethylene glycol, diethylene glycol (DEG)
and 1,4-butanediol are typically encountered in clinical and
forensic medicine. All three diols are completely miscible with
water and after ingestion are rapidly absorbed from the stomach
and intestines becoming distributed into the total body water
compartment.

Ethylene glycol
Ethylene glycol (1,2-ethandiol) is a colourless, odourless, sweettasting slightly viscous liquid with a specific gravity of 1.12 and
a boiling point of 198oC (see Table 51.1). In daily life, ethylene
glycol is encountered as the primary constituent of antifreeze
solutions and, as such, is readily available and often subject to
abuse as a cheap substitute for ethanol by alcoholics, or ingested
accidentally by animals or children, because of its sweet taste
(Karlson-Stiber and Persson 1992). Alcoholic drinks produced
illegally are sometimes enriched with ethylene glycol, because
when mixed with ethanol the separate effects are difficult to
distinguish (Morgan et al. 2011).
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Table 51.6 Concentrations of acetone and isopropanol in postmortem blood in diabetic ketoacidosis, alcoholic ketoacidosis and
isopropanol intoxication deaths.
Clinical Condition

Na

Acetone (g/L),
median (range)

Isopropanol (g/L),
median (range)

Nb

Acetone (g/L),
median (range)

Isopropanol (g/L),
median (range)

Diabetic ketoacidosis

134

0.31 (0.1–1.6)

0.10 (0.03–1.0)

39

0.55 (0–1.12)

0.08 (0–0.5)

41

0.20 (0.1–0.6)

0.10 (0.1–0.46)

29

0.18 (0–0.23)

0.12 (0–0.3)

6

0.65 (0.10–1.6)

2.77 (0.5–6.5)

8

1.59 (0.43–1.9)

2.40 (1.3–2.44)

Alcoholic ketoacidosis
Isopropanol intoxication
a
b

Data from Petersen et al. (2012).
Data from Molina (2010).
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Figure 51.12 Oxidative metabolism of ethylene glycol into toxic
metabolites including glycolic and glyoxylic acids and the end
product oxalic acid, which causes nephrotoxicity.

The clinical effects after drinking ethylene glycol resemble
the signs and symptoms usually associated with ethanol intoxication, namely euphoria and central nervous system depression. This leads to confusion between the dangerous symptoms
of poisoning and the unpleasant aftereffects or hangover after
overconsumption of ethanol. Accordingly, by the time a person
enters treatment for ethylene glycol poisoning, the toxic metabolites might have reached dangerously high concentrations
and the victim is then suffering from a life-threatening metabolic acidosis.
The metabolic pathway for ethylene glycol is shown in Fig.
51.12 where the toxic metabolites mainly responsible for metabolic acidosis are glycolic and glyoxylic acids (Eder et al. 1998).
The clinical features include hyperosmolality, an elevated anion
gap and metabolic acidosis with laboured breathing, owing to
lowered pH of the blood. Inability to urinate is another consequence of ethylene glycol poisoning and any urine produced
might contain crystals of calcium oxalate.
Clinical laboratories determine the osmolal gap as an aid in
the diagnosis of poisoning with toxic alcohols, although this
test is not specific for a particular alcohol. The osmolal gap
represents the difference between measured osmolality by
freezing point depression method and calculated osmolality
using a standard formula. If the measured value exceeds the

calculated value by more than 10 mOsmol/kg water this indicates the presence of an unmeasured solute in the serum.
Studies have shown that the size of the osmolal gap is highly
correlated with blood or plasma concentration of ethylene
glycol (Hovda et al. 2011). The low specificity of serum osmolality as a test for methanol or ethylene glycol poisoning, means
that a more specific gas chromatographic method is needed to
identify the actual alcohol involved.
The symptoms of poisoning with ethylene glycol show a lag
time and are therefore considered in relation to time elapsed
after ingestion (Leth and Gregersen 2005). Initially, the alcohol
gives feelings of euphoria, followed by depression of the central
nervous system, with an elevated osmolal gap but not a significant anion gap. During the second stage, the osmolal and anion
gaps are about the same, whereas late after drinking the diol the
anion gap metabolic acidosis is pronounced and only a small
osmolal gap remains, because the parent alcohol is now metabolised (Jacobsen et al. 1982). Measuring arterial blood gas and
serum electrolytes verifying increased anion gap metabolic acid
osis suggest the presence of excess acid metabolites. Treatment
of ethylene glycol poisoning follows the same strategy as for
methanol poisoning, namely inhibition of further metabolism
by giving intravenous fomepizole, adjustment of blood pH with
bicarbonate and if necessary haemodialysis (Brent et al. 2001).
The minimum lethal dose of ethylene glycol in humans
might be as little as 100 mL, but much depends on concomitant
ingestion of ethanol and the start of emergency medical treatment. Another dangerous acid metabolite of ethylene glycol is
oxalic acid, because this binds to calcium ions forming calcium
oxalate crystals that stick in the kidney tubuli causing nephrotoxicity and death (Hovda et al. 2010). Figure 51.13 shows such
calcium oxalate crystals in sections from a person’s kidney
taken at autopsy in a case of ethylene glycol poisoning.

Diethylene glycol
DEG is a clear, colourless, odourless, slightly viscous and hygroscopic liquid with a sweetish taste. Although less commonly
encountered in forensic casework than ethylene glycol in
Western nations when poisoning with toxic alcohols are investigated, DEG is often incriminated in deaths in developing
countries such as Bangladesh, India, Africa and Haiti (Woolf
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A well-documented episode of poisoning with diethylene
glycol occurred in the 1930s in the USA when over 100 deaths
were reported. A small pharmaceutical company located in
Bristol, Tennessee (Massengill Company) decided to prepare
and market the newly discovered antibiotic (sulfanilamide) in
a liquid formulation. They produced the ‘Elixer of Sulfanilamide’ and because the drug was not easily soluble in ethanol,
they used instead the sweet-tasting solvent DEG (Wax 1995).
DEG also made the antibiotic medication more palatable and
easier to take by children and the elderly. Toxicity testing had
not been done with DEG and this had serious consequences.
People suffered from severe abdominal pains and kidney failure
with a total of 108 deaths being attributed to use of this medication, for which there was no known antidote at the time. One
aftermath of this tragedy was the creation in 1938 of the US
Food and Drug Administration (FDA), charged with investigating and approving all new drugs and other material intended
for human consumption.

1,4-Butanediol
Figure 51.13 Photomicrograph of calcium oxalate crystals in a
kidney from a death involving ethylene glycol consumption.
Courtesy of Professor Jovan Rajs, © Jovan Rajs.

1998). This happens when DEG is used illegally as a sweetener
and solvent for certain medications, such as antibiotics, cough
syrups, analgesics or antipyretics (paracetamol), thus making
them more palatable to children, who are more willing to
take sweet-tasting medicines (Singh et al. 2001). The slow elimination of DEG from blood and repetitive dosing with the
medication leads to an accumulation and toxic response. Late
recognition that a toxic alcohol was involved probably accounts
for the high mortality and the fact that children given the medication received a higher dose/kg of the DEG compared with
adults.
The same liver enzymes ADH and ALDH are involved in the
metabolism of DEG as for the other alcohols and a similar
diagnosis and treatment strategy is used for poisoned patients.
In the body, DEG is first converted into the intermediate aldehyde and then 2-hydroxyethoxyacetic acid, which probably
causes the metabolic acidosis (Schep et al. 2009). When used
for intoxication purposes as a cheap substitute for ethanol, the
effects are similar at first including feelings of euphoria and
nausea, followed by gastrointestinal disturbances, failure to
urinate (oliguria) and later kidney failure. The higher molecular weight of DEG means that elevated serum hyperosmolality
is less useful as a diagnostic aid in clinical investigation of poisoning. As metabolism of DEG proceeds, patients suffer from
worsening metabolic acidosis, abdominal pains and eventually
kidney failure resembling the end stages of ethylene glycol poisoning. The emergency treatment for DEG poisoning requires
giving enzyme inhibitors ethanol and/or fomepizole and
removal of toxic metabolites from the circulation by dialysis.

The four carbon dihydroxy alcohol butanediol (BD) is available
as three different structural isomers and the 1,4-analogue is
widely used as an organic solvent in industry and also for laboratory synthesis. Forensic interest in 1,4-BD stems from the fact
that in the body it is rapidly converted into an acid metabolite
γ-hydroxybutyric acid (GHB), a powerful central nervous
system depressant and in the 1980s a notorious recreational
drug of abuse (Wood et al. 2008). Over the years, many deaths
have been caused by abusing GHB for its intoxicating effects
(Zvosec et al. 2011) and it has also gained the reputation as a
‘date rape drug’, because it causes incapacitation and anterograde amnesia and hence has been incriminated in drugfacilitated sexual assaults (Marinetti and LeBeau 2010).
In most Western nations, GHB is classed as a scheduled
substance, which has helped to reduce its popularity as a recreational drug. However, its precursor 1,4-BD is not classified
as a narcotic substance and is therefore used as a legal substitute
instead of GHB. Another known precursor of GHB is the
lactone γ-butyrolactone (GBL). Both 1,4-butanediol and GHB
have short elimination half-life of 20–40 min and there are
no known antidotes for this drug poisoning (Brailsford et al.
2012).
When administered orally, 1,4-BD is converted rapidly into
GHB by the action of ADH enzymes in the liver and also to
some extent in the gastric mucosa, which probably explains
higher plasma concentration of metabolite compared with
parent drug shortly after administration (Fig. 51.14). This
experiment involved eight subjects who drank a single oral dose
(25 mg/kg) of 1,4-butanediol (Thai et al. 2007).
There is close similarity between the metabolism of 1,4-BD
and ethanol in terms of the enzymes and coenzymes involved
in hepatic oxidation reactions (Lenz et al. 2011). If both ethanol
and GHB are ingested, this raises the risk of a competitive
inhibition, which might prolong or enhance the action of GHB
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suggests an adverse pharmacodynamic interaction between the
two alcohols.

Plasma concentrations (mg/L)
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51.1.4 Summary
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The aliphatic alcohols described in this chapter are relatively
simple chemical substances although they are converted in the
body into more toxic metabolites. The treatment strategy for
patients poisoned with toxic alcohols depends on various
factors but the most important measure is to prevent any
further oxidation into metabolites by giving an enzyme inhibitor (ethanol or fomepizole), and removal of the metabolites
already formed by haemodialysis. Many people consume toxic
alcohol, such as methanol and ethylene glycol, mixed with
various amounts of ethanol and this causes a timelag before
toxic symptoms become evident. Indeed, many might confuse
these life-threatening symptoms with unpleasant aftereffects
of ethanol intoxication (hangover) and not seek emergency
treatment.
In today’s society, overconsumption of alcohol (ethanol) is
a major public health and safety problem and heavy drinking
and drunkenness are responsible for considerable morbidity
and mortality (Schuckit 2009). Studies from various countries
show that 20–50% of drivers killed in road traffic crashes had
consumed alcohol and their BAC at autopsy was above the legal
limit for driving. Likewise, elevated BACs are a common finding
in a high proportion of all unnatural deaths, including suicide,
homicide and accidental deaths.
The BAC at autopsy shows wide intersubject variations,
depending on the person’s age, the speed of drinking, degree of
cellular tolerance to ethanol and manner of death. Many young
people die from asphyxia after inhalation of vomit, when the
gag reflex is impaired, from rapid consumption of alcohol
leading to an incapacitated or comatose state. Also important
in relation to toxicity of ethanol is the dose and type of other
drugs used, especially depressant drugs, such as barbiturates or
benzodiazepines.
Figure 51.16 shows relative frequency distributions of BAC
in drunken drivers apprehended in Sweden compared with
acute alcohol poisoning deaths (Jones and Holmgren 2003a).
In these acute ethanol poisoning deaths, no other drugs were
identified and the median BAC at autopsy was 3.6 g/L and the
95% range was 2.2–6.0 g/L. These autopsy BACs compare with
a median concentration of 1.6 g/L in apprehended drivers,
although the distributions showed a considerable overlap (Fig.
51.16). Some drunk drivers tolerated BACs above 4 g/L, even
though this level is generally considered to cause death by
depression of respiratory centres in the medulla oblongata in
the brain stem.
Acute alcohol poisoning deaths are usually characterised by
high BAC at autopsy of 3–5 g/L (Jones and Holmgren 2003a)
and evidence for a fast death postdrinking comes from finding
a higher or equal concentration of ethanol in blood compared
with bladder urine (UAC/BAC = or <1.0). Under these circum-
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Figure 51.14 Rapid conversion of 1,4-butanediol into its
metabolite γ-hydroxybutyric acid (GHB) in healthy volunteers
who drank 25 mg/kg of the diol mixed with juice. Reproduced
with permission from Thai et al. (2007), © Nature Publishing.
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(Thai et al. 2006). These metabolic pathways are illustrated in
Fig. 51.15.
The coadministration of ethanol and 1,4-BD to human subjects does not appear to have been investigated experimentally,
perhaps for ethical and safety reasons. However, one study
looked at the interaction between ethanol (0.6 g/kg) and GHB
(50 mg/kg as sodium oxybate) in 16 healthy subjects and no
evidence was found for a pharmacokinetic interaction (Thai
et al. 2006). By contrast, in the ethanol + GHB arm of the study,
six subjects vomited and two suffered from hypotension, which
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Figure 51.16 Relative frequency distributions of ethanol
concentrations in venous blood from drunken drivers and in
femoral blood in deaths attributed to acute alcohol poisoning
and when no other drugs were identified.

stances, sampling and analysis of stomach contents can reveal
an appreciable amount of alcohol remaining unabsorbed.
Alcohol poisoning deaths at lower BAC often have UAC/BAC
ratios >1.3 and large volumes of urine (>300–500 mL) are
found in the bladder at autopsy. In such fatalities, the victims
might survive for several hours after drinking and ethanol concentrations in blood decrease through metabolism and urine
continues to be produced and collected in the bladder (Jones
and Holmgren 2003b).
Deaths attributed to chronic alcoholism, besides an elevated
blood and urine ethanol concentration at autopsy, requires
finding pathological changes in vital body organs, such as
the heart (cardiomyopathy), the pancreas (pancreatitis) and
most importantly the liver (steatosis, hepatitis and cirrhosis).
Another alcohol-related death sometimes encountered in legal
medicine is alcoholic ketoacidosis, which implies abnormally
high concentration of ketone bodies in blood, particular
β-hydroxybutyrate (Thomsen et al. 1995). In this type of death,
the victim is often known to have been a heavy drinker or
alcoholic, but BAC at autopsy is usually low or close to zero.
The absence of any pathological or histological cause of death,
should draw attention to a ketoacidosis death requiring the
analysis of ketone bodies in blood (Pounder et al. 1998). Carbohydrate metabolism is disturbed because many alcoholics are
malnourished, and do not eat properly whilst on a drinking
binge. The stores of glycogen in the liver are depleted and there
is also an ethanol-induced hypoglycaemia, often exacerbated by
vomiting during withdrawal. These biochemical changes mean
that the body starts to break down fats (lipolysis) producing
ketone bodies, acetone, acetoacetate and β-hydroxybutyrate
and concentrations in blood are elevated (Palmiere and Mangin
2012).
The concentration of ethanol in blood and other bodily
fluids can be determined with a high degree of accuracy, preci-
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sion and specificity, although interpreting the results, especially
in autopsy specimens, is often problematic. Ethanol can be
produced in the body after death by the action of bacteria and
micro-organisms on carbohydrate and other substrates (Corry
1978). In autopsy work, it becomes important to compare concentrations of ethanol in blood samples from different sampling sites (e.g. heart and femoral vein), or in different biological
specimens, such as urine, cerebrospinal fluid and vitreous
humour (Caplan and Levine 1990). Taken together, the results
can help to differentiate antemortem ingestion from postmortem synthesis of ethanol.
Low concentrations of ethanol (0.1–0.3 g/L) can easily be
produced in traumatic deaths, especially when open wounds
are evident or when the body has started to decompose (O’Neal
and Poklis 1996). In states of advanced putrefaction blood
ethanol concentrations of 0.8 g/L or more are likely to be produced after death (Mayes et al. 1992). Use of a higher cut-off
concentration for reporting positive results might be used in
autopsy cases, such as 0.2 g/L instead of 0.1 g/L, which is often
used. When punishable limits of blood ethanol concentration
for driving were enacted, these were meant to apply to blood
samples from living subjects and not from dead bodies, such as
people killed in traffic crashes. Care is needed when postmortem ethanol concentrations are interpreted in a legal context
(Levine et al. 1993).
Common to studies of human pharmacology of alcohol and
other drugs is the large intersubject variation in response for
the same dose administered. The relationship between BAC and
the degree of impairment and ability to perform skilled tasks
shows considerable variation, owing to among other things the
development of tolerance (Kalant 1998). If a person drinks
alcohol daily, the functioning of the brain adapts to the impairment effects and performance in cognitive and psychomotor
tests might appear normal despite a high BAC. The typical signs
and symptoms of alcohol influence, apart from the smell of
alcohol on the breath, are likely to be small or absent because
the person has acquired a functional tolerance to the drug
(Brick and Erickson 2009).
Two important pharmacokinetic parameters of ethanol are
the rate of disappearance from blood (β or k0) and the volume
of distribution (Vd), the latter also being known as Widmark’s
rho factor (Widmark 1981). Studies have shown that Vd for
ethanol in healthy non-obese individuals averages 0.6 L/kg for
women and 0.7 L/kg for men, but in the population might
range from 0.40 to 0.85 L/kg, depending on body composition.
Experimental results outside this range should be considered
suspect and probably mean that the dose of ethanol was too
low or that not enough blood samples were taken on the
postabsorptive elimination phase of the curve. The rho factor
can also be determined by estimating total body water using
anthropometric measurements, such as age, height and weight
(Watson et al. 1981).
The elimination rate of ethanol from blood (Widmark’s
β-factor) is used to back-calculate a person’s BAC from the
time of sampling blood to an earlier time, such as the time of
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driving. The average elimination rate of ethanol from blood
used in such calculations is about 0.15 g/L/h, although in any
individual case this might range from 0.10 to 0.25 g/L per hour
(Jones 2010).
Emergency medical treatment in cases of poisoning with
methanol, ethylene glycol, or DEG involves the following:
1. Preventing any further metabolism of the parent alcohol
into toxic metabolites.
2. Correcting the metabolic acidosis by giving sodium
bicarbonate.
3. Removal of toxic metabolites and any unmetabolised
alcohol from the blood stream by haemodialysis.
However, haemodialysis is an invasive treatment and the equipment needed is usually unavailable at small country hospitals,
where a patient might be admitted for treatment. The delay
associated with transfer to a tertiary care facility where a proper
treatment can be given probably accounts for many deaths in
epidemics of methanol or ethylene glycol poisoning.
Many people who resort to drinking methanol or ethylene
glycol suffer from an alcohol abuse disorder and have obtained
illegal spirits for intoxication purposes as a cheap substitute for
conventional alcoholic drinks. Even after a successful medical
intervention and treatment, the future prognosis for these individuals is not good. This was well documented in a long-term
follow-up of a mass methanol poisoning in Estonia (Paasma
et al. 2009).
If the alcohols discussed in this chapter are ordered in terms
of their decreasing toxicity then methanol > ethylene glycol >
2,3-butanediol > diethylene glycol > isopropanol > ethanol.
After overdosing with ethanol, isopropanol or 2,3-butanediol
(GHB), the patients require supportive care to ensure that the
airways are clear and that breathing is not restricted. As time
passes, these alcohols are cleared from the body by metabolism
and excretion, although intravenous fluids might be motivated
to counteract dehydration. There are no therapeutic drugs or
fluids that can accelerate the clearance of these alcohols from
the blood stream to any significant degree. The annual death
rates from overconsumption of the legal drug ethanol far exceed
the number of fatalities from drinking more toxic alcohols
discussed in this chapter, such as methanol and ethylene glycol.

51.2 Illegal drugs
Frank Musshoff
An illegal drug or a so-called ‘controlled substance’ is a drug
whose use, sale or distribution is not allowed. What drugs are
considered legal or considered illegal varies from country to
country as do punishments. Drugs are often addictive, meaning
that a person with regular use can develop a dependency which
leads to behavioural changes and drug seeking behaviour. They
can also harm the health of consumers and possibly cause death
when used to excess.

The legislative authorities can enact exceptions and modifications to a law, especially regarding the use of substitution
therapy for heroin addicts. In general, the term ‘illegal drugs’
does not comprise substances that are available on prescription.
However, prescription-only drugs can be used illegally such as
the benzodiazepines which are often misused and often used in
combination with illicit drugs.
Generally, narcotics acts refer essentially to all illicit drugs,
not just the narcotic analgesics. The drugs listed in the acts are
especially dangerous because consumers may become addicted
particularly if there is no medical indication or the dose used
is in excess of that normally prescribed (e.g. morphine). Forensic toxicological laboratories should be in a position to analyse
the identity and quantity of any active substance(s) in an exhibit
(e.g. tablet or powder).
Addiction means a psychical and partly physical state of an
organism evoked by a pharmaceutically active substance. This
state is characterised by behaviour patterns and reactions that
always include the need to consume the substance continuously
and periodically, either to induce its physical effects or to avoid
negative consequences of non-consumption. Physical addiction
involves the desire repeatedly to consume substances. It is also
characterised by an abstinence syndrome following an interruption or cessation of consumption. Physical addiction often
leads to an ever-increasing dose as manifestation of tolerance
develops. Tolerance is particularly pronounced for opioids and
benzodiazepines. Tolerance and addiction do not have to occur
simultaneously. Generally, there is only a moderate development of tolerance and often abstinence symptoms are not
clearly expressed.
Death that results from the use of drugs (often termed overdose) is caused by the use of doses that exceed the developed
tolerance. Most deaths from a drug overdose occur from the
use of heroin, but increasingly deaths are caused by other
opioids, especially methadone and fentanyl or oxycodone.
Additives or the blending of so-called ‘street drugs’ can lead to
enhanced mortality depending on the combination used.
Concomitant use of other substances like alcohol, benzodiazepines and others in addition to heroin is dangerous due to
the increased risk of central nervous system (CNS) depression
and adverse effects on respiration. Deaths from cocaine use
occur less frequently since toxic effects such as an increase of
blood pressure, tachyarrhythmia as well as cerebral seizures are
less dangerous to rather young people who represent the major
part of cocaine consumers. Respiratory paralysis may occur
when very high doses of cocaine are consumed. The percentage
of deaths due to the use of amphetamines or ecstasy appears
very low taking into consideration the presumed frequency of
consumption. Deaths in relatively young people can occur if
they have heart disease – usually a result of prolonged cocaine
or amphetamine use. Apart from circulatory collapse, hyperthermia is another dangerous effect of these drugs. Hyperthermia causes intravascular coagulation, rhabdomyolysis and
consecutively renal failure. Although not all statistics appear
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consistent, the following types of deaths are generally classified
as drug-related deaths (Madea et al. 2012):
• Lethal intoxication with drugs.
• Lethal accidents under the influence of drugs.
• Lethal illness due to drug consumption.
• Suicides due to drug addiction.
In forensic medical practice, there are a number of relevant
cases apart from drug deaths. There are cases in which people
have been involved in a road traffic incident whilst under the
influence of drugs, or cases in which an accused person may
have been under the influence of a drug (or even alcohol) at
the time of a criminal event. These cases require an assessment
of likely acute drug effects operating at the time of the incident
by an appropriately qualified expert.
Drug-related crimes are more likely to occur in cases where
there is a long-lasting addiction (i.e. heroin or cocaine addicts,
or individuals addicted to multiple drugs). The most common
type of drug combination associated with acute use of
drugs are those people abusing alcohol in combination with
stimulants.
Generally, assessment of legal culpability of drug addicts is
based on the following steps (Madea et al. 2012):
1. Verification of addiction (at the time of the crime):
a. this could include the accused’s statement, statements
of witnesses, protocols by forensic medical physicians,
medical records or previous criminal records;
b. pathologically altered veins, hepatic dysfunction, bad
teeth, secondary amenorrhoea or increase in body
weight while being under arrest.
2. Classification of the crime (is it a drug-related crime?):
a. no relationship between addiction and crime (e.g.
bodily harm): in such cases the deficits in performance
should be assessed;
b. burglary to fulfil own needs (e.g. money for purchase
of illicit drugs);
c. special case: direct acquisitive crime if instantaneous
satisfaction of addiction is given precedence (e.g. raid
on a pharmacy followed by immediate consumption).
3. Assessment of legal culpability: a crime perpetrated directly
to fulfil a person’s own needs is usually carried out in a
primitive, unilinear and aggressive way. The drug is consumed directly after this crime. Thus, the ability to under-

Figure 51.17 Metabolism of Δ9-tetrahydrocannabinol (THC).
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stand and control one’s actions might be questionable or
at least significantly reduced, depending on the legislation
of the country concerned.
In cases of crimes perpetrated in order to be able to buy drugs
later, it is questionable whether responsibility could be entirely
diminished since there has to be the ability to control one’s
actions when perpetrating the crime. In exceptional cases, it
might be possible to conclude from the type and extent of the
crime whether it was motivated by the perpetrator’s own drug
addiction or not.
In cases of crimes that are not associated with drug addiction, only the effects of the acute intoxication need to be
examined.

51.2.1 Cannabis
The generic term cannabis refers to different products of the
plant Cannabis sativa. The dried leaves and dried flowering tops
are called marijuana containing <1% to 10% of the major psychoactive constituent Δ9-tetrahydrocannabinol (THC), while
the resin from the flowering tops is called hashish, containing
approximately 10–15% THC. Intensive crossbreeding has led to
production of plants that have a THC content well over 20%.
THC is rapidly distributed after intake and due to its lipophilic
nature is distributed to adipose tissue, liver, lung and spleen. It
is then slowly released back into the blood and metabolised
producing a relatively long terminal half-life. Hepatic enzymatic biotransformation yields multiple metabolites with C-11
being the major modification site. Hydroxylation results in the
psychoactive compound 11-hydroxy-Δ9-tetrahydrocannabinol
(11-OH-THC) and further oxidation to the inactive 11-norΔ9-tetrahydrocannabinol-9-carboxylic acid (THC-COOH), the
most important compound for testing purposes, which is in
turn is excreted into urine mainly as a glucuronic acid conjugate (Fig. 51.17). The usual single dose is 0.1–0.2 g of hashish
with approximately 10% active ingredient. This dose corresponds to 15 mg of the psychoactive substance THC. The time
course of elimination of THC from blood is polyphasic (Fig.
51.18): a rapid absorption into blood is followed by a fast
decline of blood concentration due to a rapid distribution into
well-perfused organs, and a rapid move into the nervous system.

PART VII   TOXICOLOGY

160

100

140

90
80

120
100
80

70
THC 3.55%
THC 1.75%
THC-COOH 3.55%
THC-COOH 1.75%

60
40
20

‘High’

Plasma concentration (ng/mL)

920

60
50
40
30

11-OH-THC 3.55%
11-OH-THC 1.75%

20
10

0

1

2
Time (h)

3

4

Figure 51.18 Mean plasma Δ9-tetrahydrocannabinol (THC),
11-OH-THC and THC-COOH concentrations in six subjects after
smoking a single 1.75% and 3.55% THC cigarette, respectively.
Data modified from Huestis et al. (1992a).

In the second phase, it is deposited in the rather poorly perfused
adipose tissue. In the third phase (terminal elimination phase)
THC is released slowly; hence its blood concentration decreases
only very slowly over many days.
The THC concentration–time curve is not parallel to the
THC effect–time curve (Fig. 51.19). THC shows an effect within
a few minutes of inhalation; the subjective effect is maximum
at 15–20 minutes. A typical course of intoxication after consumption of cannabis products can be roughly divided into
three phases:
1. Acute phase: shortly following consumption, with a duration of 1–2 hours; the central depressant effect is dominant,
disturbances in motor function, walking difficulties and
slurred speech, red glassy eyes, wide light-fixed pupils, slow
reaction to events and possibly accompanied by cognitive
dysfunction.
2. Subacute phase: approximately 4–6 hours after consumption; the consumer becomes more active, is in a rather
happy mood with euphoria, cheerfulness, inner calmness
and shows lack of negative environmental impacts. The
ability to accept criticism is reduced, own performance and
abilities are overestimated.
3. Postacute phase: lasts for 12–24 hours; reduced impetus,
passivity and is often seen as dazed or doped.
If hashish is consumed on a regular basis it might lead to a
general lack of motivation and capability with reduced concentration, increased distractibility, thought disorders, interruption of thoughts and a fragmented way of thinking.
Recently, smoking preparations named ‘Spice’ have been
offered on the drug market. The central actions of these mixtures were said to be based on a combination of natural phytochemicals. As recently demonstrated ‘Spice’ preparations are
actually synthetic cannabinoid mimetic substances, such as
CP-47,497, JWH-018, HU-210 and a lot of other substances,
and so laws have been enacted to control these new drugs
(Auwärter et al. 2009).
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Figure 51.19 Feeling ‘high’ after i.v. Δ9-tetrahydrocannabinol
(THC) application (5 mg). Hysteresis: the THC concentration–time
curve is not parallel to the THC effect–time curve. After Iten
(1994), © Institut für Rechtsmedizin, Zürich, Switzerland.

Absorption
Hashish or marijuana is commonly self-administered by
smoking in a tobacco mixture as a ‘joint’ or using a ‘bong’
(Musshoff and Madea 2006). After inhalation, THC is detectable in plasma only seconds after the first puff of a cigarette
with peak plasma concentrations being reached in 3–10 minutes
after the onset of smoking (Ohlsson et al. 1980; Hollister et al.
1981; Lindgren et al. 1981; Perez-Reyes et al. 1982; Huestis
et al. 1992a). Bioavailability varies according to the depth of
inhalation, puff duration and technique. About 30% of THC is
assumed to be destroyed by pyrolysis. Additionally, sidestream
losses of 40–50% have been reported. A systemic bioavailability
of 23 ± 16% (Lindgren et al. 1981) and 27 ± 10% (Ohlsson
et al. 1982) for heavy users versus 10 ± 7% and 14 ± 1% for
occasional users of the drug has been described.
After oral use absorption is slow, resulting in maximum
THC plasma concentrations usually after 1–2 hours (Ohlsson
et al. 1980; Wall et al. 1983); in some cases, maximum plasma
concentrations were observed as late as 4 hours or until 6 hours
(Ohlsson et al. 1980; Law et al. 1984) and several subjects
showed more than one plasma peak. An extensive first pass liver
metabolism reduces the oral bioavailability of THC to 6 ± 3%
(range 4–12%) (Ohlsson et al. 1980).

Distribution
About 90% of THC in the blood is distributed in the plasma,
another 10% in red blood cells (Wahlqvist et al. 1970; Widman
et al. 1974). For interpretation of THC analysis results, it
is noteworthy that plasma cannabinoid concentrations are
approximately twice those found in whole blood samples, due
to the low partition coefficient of the drug into erythrocytes
(Owens et al. 1981; Mason and McBay 1985; Giroud et al. 2001;
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Huang et al. 2001). Within plasma THC 95–99% is bound to
plasma proteins, mainly to lipoproteins and less to albumin.
Due to the high protein binding (which complicates initial
disposition) the initial volume of distribution of THC is small
for a lipophilic drug. It was reported to be 2.55 ± 1.93 L in drugfree users and 6.38 ± 4.1 L in regular users (Hunt and Jones
1980).
The steady state volume of distribution has been estimated
to be in the range of about 10 L/kg (Lemberger et al. 1971; Hunt
and Jones 1980; Wall et al. 1983). THC rapidly penetrates highly
vascularised tissues resulting in a rapid decrease in plasma concentration (Ho et al. 1970). However, a high degree of accumulation occurs in less vascularised tissues and finally in body fat
(Agurell et al. 1970; Kreuz and Axelrod 1973; Johansson et al.
1989a), which represents the major long-term storage site,
resulting in concentration ratios between fat and plasma of up
to 104 : 1 (Harvey et al. 1982). The exact composition of the
material accumulated in fat is still unknown; but a substantial
proportion seems to consist of fatty acid conjugates of 11-OHTHC (Leighty et al. 1976; Haggerty et al. 1986).

Metabolism
THC is mainly metabolised in the liver by microsomal hydroxylation and oxidation catalysed by enzymes of the cytochrome
P450 (CYP) complex. Average plasma clearance rates have been
reported to be 11.8 ± 3.0 L/h for women and 14.9 ± 3.7 L/h for
men (Wall et al. 1983). Others have determined mean clearance
rates of about 36 L/h for naive cannabis users and about 60 L/h
for regular users.

Time course of plasma concentrations
The course of plasma THC concentrations following inhalation
resembles that after intravenous administration. Smoking a
single cigarette containing about 16–34 mg of THC caused
average peak concentrations of 84 ng/mL (50–129 ng/mL) for
the lower dose and 162 ng/mL (range 76–267 ng/mL) for the
higher dose, respectively (Huestis et al. 1992a). The THC concentrations rapidly decreased to 1–4 ng/mL within 3–4 hours.
After inhalation, the maximum THC plasma concentration was
reported to exceed the maximal THC-COOH concentration by
three-fold and the maximum 11-OH-THC concentration
by 20-fold. However, THC/11-OH-THC ratios declined and
reached a ratio of about 2 : 1 after 2–3 hours. Peak concentrations for THC were observed approximately 8 minutes (range
6–10 min) after the onset of smoking, whereas 11-OH-THC
peaked at 15 minutes (range 9–23 min) and THC-COOH at
81 minutes (range 32–133 min). After oral administration,
maximal THC plasma concentrations were 4.4–11 ng/mL after
20 mg THC (Ohlsson et al. 1980) and 2.7–6.3 ng/mL after 15 mg
THC (Law et al. 1984). Much higher amounts of 11-OH-THC
are formed than with inhalational use, and the ratio of THC
and 11-OH-THC plasma concentrations was about 2 : 1 to 1 : 1
(Wall et al. 1983).

The mean window of detection for THC-COOH in plasma
samples was 3.5 days (range 2–7 days) after smoking a cigarette
containing 16 mg THC and 6.3 days (range 2–7 days) after a
34 mg dose (Huestis et al. 1992a). In 52 volunteers admitted to
a detoxification unit, THC-COOH could be detected in serum
from 3.5 hours up to 74.3 hours with initial concentrations
between 14 and 49 ng/mL (Reiter et al. 2001). This was considerably less than the THC-COOH detection time of 25 days in
a single chronic user with an initial concentration of 350 ng/mL
(Daldrup et al. 1988).
Huestis et al. (1992b) developed two mathematical models
for predicting time scales of cannabis use. Model I determines
time estimates from plasma THC concentrations and Model II
from plasma concentration ratios of THCCOOH/THC.
Model I
log T = −0.698 × log[THC] + 0.687
CI = log T ± 1.975 × 0.030(1.006 + {(log[THC] − 0.996)2 /89.937})
Model II
log T = −0.576 × log[THC − COOH]/[THC] − 0.176
CI = log T ± 1.975 ×

0.045(1.006 + {(log[THC − COOH]/[THC]
− 0.283)2 /123.420})

where T represents the elapsed time in hours between commencing smoking cannabis and blood collection and CI represents the 95% confidence interval for the estimate of T.
Validation of these predictive models including estimation
of the time of use after multiple doses of THC and at low THC
concentrations (0.5–2 ng/mL) showed that Model I was less
accurate with primary overestimates that benefit the accused
(Huestis et al. 2005). Model II was more accurate and had no
underestimates for multiple doses. The most accurate approach
applied a combination of both models by predicting a single
time interval by the lowest and highest 95% confidence limits.
However, caution has to be applied using these models for
chronic users.

Elimination
About 6 hours after intravenous administration of THC, a
pseudoequilibrium is reached between plasma and tissues
(Chiang and Rapaka 1987) and usually the THC concentration
in plasma has dropped below 2 ng/mL at this time and then
decreases more slowly with increasing time from intake. The
slow elimination is based on slow rediffusion of THC from
body fat and other tissues into the blood. After smoking a low
dose THC cigarette (16 mg), a common limit of detection of
0.5 ng/mL of THC in plasma is reached after 7.2 hours (range
3–12 h), and following a high dose cigarette (35 mg) the limit
of detection is reached after 12.5 hours (range 6–27 h) (Huestis
et al. 1992a). THC-COOH is detectable for a considerably
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longer period of time of 3.5 days (range 2–7 days) following
the low dose and of 6.3 days (range 3–7 days) after smoking the
high dose. The half-life of the terminal phase (t½β) ranged from
25 to 36 hours for THC, from 12 to 36 hours for 11-OH-THC
and from 25 to 55 hours for THC-COOH after oral or intravenous administration (Wall et al. 1983). However, as in similar
reports, the plasma concentrations were not measured long
enough to determine the half-life accurately. The elimination
half-life for THC metabolites from plasma is longer than that
for THC itself. In a further study, the mean t½β of THC for
frequent users was about 19 hours and that of the overall
metabolites 53 hours (Hunt and Jones 1980). In a further study
the mean t½β for THC-COOH and conjugated THC-COOH
was 5.2 days and 6.8 days, respectively, for frequent users and
6.2 days and 3.7 days, respectively, for infrequent cannabis users
based on data collected over 12 days (Kelly and Jones 1992).
The differences were not statistically significant.
The high lipophilicity of THC results in high tubular reabsorption and explains the low renal excretion of unchanged
drug. Furthermore, excretion is delayed by an extensive enterohepatic recirculation of metabolites and the high protein
binding of cannabinoids, resulting in a predominant excretion
in faeces. A urinary excretion half-life of THC-COOH of about
30 hours was observed with a 7-day monitoring period and one
of 44–60 hours with a 14-day period (Huestis and Cone 1998).
Others calculated similar average urinary excretion half-lives of
about 2 days with a 12-day monitoring period (Kelly and Jones
1992) and one of about 3 days (range 0.9–9.8 days) when THCCOOH was measured for 25 days (Johansson et al. 1989b). Free
THC-COOH is not excreted in significant concentrations; the
main compound is the glucuronide of THC-COOH. Significant concentrations of neutral cannabinoids were found by
using an enzymatic hydrolysis step in the extraction procedure,
with THC concentrations peaking at 21.5 ng/mL (range 3.2–
53.3 ng/mL) 2 hours after smoking 27 mg THC in a cigarette,
11-OH-THC peaking at 77.3 ± 29.7 ng/mL after 3 hours and
THC-COOH peaking at 179.4 ± 146.9 ng/mL after 4 hours
(Manno et al. 2001).
In some situations, positive urine or blood findings have
been argued to be due to passive consumption of the drug (e.g.
by staying in a room where cannabis had been consumed). In
recent studies carried out in a coffeeshop in the Netherlands, it
could be proven that no relevant concentrations of THC or
THC-COOH could be detected in people who stayed in the
coffeeshop without smoking (Röhrich et al. 2010; Toennes et al.
2010).
A common defence in court is that the accused was not
aware that he or she was still under the influence of the drug
when driving. In cases of single or occasional cannabis consumption, THC can be found in blood for 4–8 hours or after
high doses up to 12 hours after consumption. Thus, the consumer would have known that there was not much time between
intake and driving. Only in people who consume cannabis on
a regular basis THC can be found in blood for more than 24
hours after consumption with concentrations of 1 ng/mL to a

maximum of 4 ng/mL (Toennes et al. 2008; Karschner et al.
2009).

51.2.2 Opioids
The term ‘opioids’ refers to a group of natural, semisynthetic
or synthetic alkaloid compounds prepared from opium with
the prototypic drug morphine. Natural compounds like morphine and codeine are usually denoted as ‘opiates’; synthetic
and semisynthetic compounds include drugs such as oxycodone, buprenorphine, fentanyl, methadone, tramadol and
others.
Morphine, codeine and some other related opiates are
extracted from the milky exudate (latex), which is obtained
from incised unripe seed capsules of the opium poppy (Papaver
somniferum). When dried this exudate is called raw opium.

Morphine
Opioids produce their pharmacological effects by binding to
one or more of the three main opiate receptors. The μ-receptor
is the most important where morphine and other similar drugs
exert their effects but some also affect κ and δ opioid receptors.
The effects of morphine are dependent on dose, route of
administration and previous exposure. In healthy people, single
morphine injections do not produce any further sensation than
a pleasant pain relief. Generally, the euphoric effect of morphine does not occur until multiple morphine injections have
been administered. Repeated exposure to morphine (and other
opioids) can lead to dependence, particularly to mentally labile
people. Morphine-induced euphoria is characterised by an
even-tempered, composed, light-hearted, happy and indifferent
mood. Additionally, an increased self-confidence and intensified perception can be observed while fearfulness and strain
disappear. At the same time, the state of awareness is dulled and
sensation is reduced. Morphine can also cause miosis and CNS
depression which can lead to respiratory depression. Opioid
intoxication is therefore characterised by miosis and respiratory
depression leading to low PO2 and eventual coma and sudden
death.
Heroin consumption has the same effects but additionally
there is an intensive feeling of happiness. The effects begin
within seconds of parenteral absorption. Following intravenous
injection (primary phase) the consumer is not able to act for a
few minutes. After this acute flush the person fades to a second
phase of mild euphoria. The effects of the drug are characterised by (Madea et al. 2012):
• Pain relief.
• Sedation, reduced mental activity, difficulties in concentration, apathy, drowsiness, torpidity, indifference towards
external stimuli and increase of reaction time.
• Changes in mood, lability, partially with increase of selfconsciousness: euphoria, feeling of relaxation and warmth,
but also dysphoria, feeling of anxiety and stress.
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• Inhibition of the respiratory centre and the cough reflex.
• Miosis.
• In the early phase: emetic effect, in the late phase: antiemetic
effect.

• Increase of the tonus of intestines, bladder and sphincter
muscles.

• Decrease of tonus of vascular muscles and tendency towards
orthostatic hypotonia.
Repeated consumption of heroin or morphine leads to physical and mental addiction. Chronic abuse causes changes in
personality, disinterest and psychomotor slowdown. After cessation of regular consumption, drug tolerance wanes increasing
the risk of overdose if heroin use resumes. Withdrawal symptoms in opioid addicts can, like acute intoxication, cause driver
impairment.
Heroin or other opioid deaths are caused by the acute toxic
effects of high doses of the drug causing CNS depression and
arrest of breathing leading to hypoxia with (irreversible) brain
damage and cardiovascular collapse. Quite frequently, centrally
induced vomiting with inhibition of the coughing reflex leads
to an additional mechanical obstruction of respiration and
aspiration of gastric contents.

Absorption
Morphine can be given orally, by suppositories, or by subcutaneous, intramuscular or intravenous injection (Jenkins 2007).
The oral bioavailability of morphine is quite low due to extensive hepatic first pass metabolism. A 10 mg bolus given to
healthy volunteers produced peak blood concentrations of
200–400 ng/mL 5 minutes after injection (Berkowitz et al.
1975). After either intramuscular or subcutaneous injection,
morphine peaks within 10–20 minutes. In healthy volunteers,
a dose of 10 mg/70 kg given intravenously resulted in a free
morphine concentration of 80 ng/mL at 5 minutes with the
same dose given as intravenous bolus producing a peak concentration of 74 ng/mL at 15 minutes (Stuart-Harris et al.
2000). Oral administration to produce acceptable analgesia in
the management of patients with cancer is in the order of 18 ng/
mL with roughly equal concentrations of the active metabolite
morphine-6-glucuronide (Klepstad et al. 2000).

Distribution
The volume of distribution of morphine ranges from 2 to 5 L/
kg in humans and in rare cases up to 7 L/kg (Lotsch et al. 1996;
Milne et al. 1996). The wide variation could be explained by the
health of the patients. Higher values can be expected in patients
with incompletely compensated heart failure and increased
body water from any cause. Otherwise in patients with renal
failure lower values would be expected. Plasma protein binding,
mainly to albumin, ranges from 12% to 35% and the plasma
half-life is similar for intravenous, intramuscular, subcutaneous
and oral routes of administration. Following a single intravenous dose in volunteers (0.10–0.14 mg/kg), the mean elimina-
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tion half-life ranges from 1.4 to 3.4 hours (Lugo and Kern
2002). The blood : plasma ratio for morphine averages 1.02
(Milne et al. 1996). The relative hydrophilic morphine distributes slowly into tissues and crosses the blood–brain barrier not
as freely as heroin. The passage is mediated by P-glycoprotein
and therefore drugs that interfere with P-glycoprotein can alter
morphine uptake and disposition.

Metabolism and excretion
The major metabolic pathway is conjugation to form morphine3-glucuronide (M3G) and morphine-6-glucuronide (M6G).
The latter is pharmacologically active and contributes to clinical opioid (side) effects, especially when it is accumulated in
patients with renal failure. However, after short-term administration of morphine the contribution of M6G to analgesia
and side effects is negligible. A small amount of morphine
is N-demethylated by hepatic CYP3A4 and to a lesser extent
CYP2C8 to form normorphine. This metabolite has pharmacological activity itself, but it is less potent than morphine and
is present in lower concentrations. According to Osborne et al.
(1990) mean plasma levels of M3G and M6G exceeded those
of morphine at 0.1 and 0.5 hours after intravenous application.
Peak metabolite levels occurred early for M3G (0.25 ± 0.13 h),
but the maximum plasma concentration of M6G occurred significantly later (0.73 ± 0.22 h). The mean plasma area under the
curve (AUC) ratio of M3G to morphine was 7.9 : 1, and for
M6G to morphine the ratio was 1.4 : 1. The volume of distribution of morphine glucuronides was measured to be 0.28 L/kg
and a plasma half-life was described to be between 2.4 and 5.4
hours for M3G and 1.9 and 3.3 hours for M6G (Hofmann
1996). Generally, the half-lives of glucuronides are higher than
those of morphine and the distribution phase of the molar
concentration ratios of glucuronide to morphine can be distinguished from early to terminal elimination. The ratios increase
with the time since the last application and a molar M3G/
morphine concentration ratio less than 2 indicates that the
distribution of heroin or morphine and its glucuronides was
not complete, as can be seen when patients die shortly after the
last application (Osborne et al. 1990; Aderjan and Skopp 1998).
In such cases the M6G/M3G ratio usually is less than 1. In Fig.
51.20 metabolite concentration profiles in serum are shown
after administration of morphine.
Approximately 87% of a dose of morphine is excreted in the
72-hour urine, 10% as free morphine, 75% as M3G and the
remainder as M6G, morphine-3-sulfate, normorphine and
conjugates. The plasma clearance of morphine was found to
vary between 15 and 20 mL/min per kg and for newborn infants
between 0.8 and 6.4 (mean 2.4) mL/min per kg (Mazoit et al.
1987).

Heroin
Heroin, a semisynthetic opioid drug synthesised from morphine, is the 3,6-diacetyl ester of morphine (diacetylmorphine)
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Figure 51.20 Plasma morphine, morphine-3-glucuronide and
morphine-6-glucuronide concentrations after i.v. application of
10 mg morphine sulphate. After Iten (1994), © Institut für
Rechtsmedizin, Zürich, Switzerland.

and was advertised as an antitussive by the Bayer Company in
Germany in 1898. Heroin is 2–3 times more potent than morphine and the estimated minimum lethal dose is 100–200 mg,
but addicts may be able to tolerate up to 10 times as much.
However, fatalities have occurred after doses of 10 mg. Compared to morphine, heroin is a more lipophilic compound and
crosses the blood–brain barrier within 15–20 seconds and
achieves relatively high brain levels; 68% of an intravenous dose
is absorbed into the brain. This causes the so-called ‘flash’ or
‘kick’ which is desired by the consumers.
Heroin can be injected, smoked or sniffed/snorted. Injection
is the most efficient way to administer low purity heroin. Oral
administration is an uncommon route since hydrolysis in the
gastrointestinal tract and loss due to first pass metabolism
results in slow and inefficient delivery to the brain. Peak heroin
concentrations in blood are achieved within 1–5 minutes after
snorting or smoking and within 5 minutes after intranasal and
intramuscular administration (Cone et al. 1993; Jenkins et al.
1994). The volume of distribution of heroin is described with
approximately 25 L/kg with a plasma half-life of about 3 minutes
(Moffat et al. 2004). Heroin is rapidly deacetylated to the active
metabolite 6-acetylmorphine (6-AM), which is hydrolysed with
a plasma half-life between 6 and 25 minutes to morphine (Fig.
51.21). Because of its rapid hydrolysis, heroin is difficult to
detect in plasma (Fig. 51.22).
Up to 80% of a dose is excreted in urine within 24 hours,
mainly as M3G, approximately 5–7% as free morphine, 1% as

Figure 51.21 Mean plasma heroin concentration in four subjects
after i.v. application of 4.5 mg heroin-hydrogen chloride.
Between minute 2 and 10, the concentration decreased
approximately 90%. Data modified from Inturrisi et al. (1984).

6-AM and 0.1% as unchanged heroin (Moffat et al. 2004).
Urinary elimination half-lives of 0.6, 3.6 and 7.9 hours were
reported for 6-AM, morphine, and total morphine, respectively,
after intramuscular administration of 6 mg of heroin (Cone
et al. 1991).

Codeine
Compared to morphine, codeine is approximately 60% as effective, both as an analgesic and as a respiratory depressant orally
and parenterally (Jenkins 2007). The greater oral efficacy is due
to less first pass metabolism in liver. The drug is metabolised
in the liver and excreted in urine largely in inactive forms. A
small fraction of approximately 10% of administered codeine
is demethylated to form morphine (Fig. 51.23). Codeine has a
low affinity for opioid receptors and the analgesic effect is due
to its conversion to morphine, although the relative contributions of morphine and the metabolite codeine-6-glucuronide
to analgesia are discussed (Srinivasan et al. 1997). Its antitussive
actions probably involve distinct receptors that bind codeine
itself. The volume of distribution of codeine is about 2.5–3.5 L/
kg with a plasma elimination half-life between 2 and 4 hours
(Moffat et al. 2004).
The conversion of codeine to morphine occurs in the liver
and is catalysed by the cytochrome P450 enzyme CYP2D6, but
approximately 6–10% of Caucasians, 2% of Asians and 1% of
Arabs are ‘poor metabolizers’ and codeine is less effective for
analgesia in these patients. Some medications with CYP2D6
inhibitors also reduce or even completely block the conversion
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CYP2D6, resulting in ultrarapid metabolism of codeine into
morphine (Musshoff et al. 2010).

Buprenorphine
Buprenorphine is derived from thebain, is a partial μ-agonist
with κ-antagonist activity and has 25–50 times the potency of
morphine. About 0.4 mg buprenorphine is equianalgesic with
10 mg morphine. Longer lasting analgesia as well as subjective
and respiratory depressant effects are based on slower release
from μ-receptors compared to morphine. For example, peak
miosis is observed about 6 hours after intramuscular injection,
while maximal respiratory depression occurs at about 3 hours.
Buprenorphine is relatively well absorbed by most routes
(Jenkins 2007). Sublingual doses of 0.4–0.8 mg produce satisfactory analgesia in postoperative patients. It is also useful as a
maintenance drug for opioid-dependent subjects alone or in
combination with naloxone in 2 or 8 mg doses administered
sublingually. Concentrations in blood peak within 5 minutes
after intramuscular injection and within 2 hours after sublingual administration. After an intravenous dose of 0.3 mg,
plasma concentrations are typically less than 1 ng/mL. After
sublingual administration of 16 mg/70 kg daily mean plasma
concentrations of 0.67 ng/mL were attained 24 hours after each
dose. Different thrice-weekly dosing scheduled with doses of
16–44 mg/70 kg resulted in plasma concentrations between 0.9
and 1.69 ng/mL at 24 hours and 0.41–0.96 ng/mL at 48 hours
(Chawarski et al. 1999). Plasma protein binding of buprenorphine mainly to α- and β-globulin is approximately 96%. The
plasma half-life is 1.2–7.2 hours with a volume of distribution
of 1.4 L/kg (Moffat et al. 2004). The drug is metabolised mainly
by N-dealkylation via CYP3A4 to norbuprenorphine, a pharmacologically active metabolite, and both are subject to glucuronidation. However, buprenorphine is primarily eliminated
in the faeces with low concentrations occurring in urine.

Figure 51.22 Metabolism of heroin and codeine.
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Figure 51.23 Plasma codeine concentration and concentration
of its metabolite morphine after oral application of 60 mg
codeine phosphate. Data modified from Findlay et al. (1978).

of codeine to morphine. Many of the adverse effects will still
be experienced in such poor metabolisers. Conversely, in ‘rapid
metabolisers’ life-threatening intoxications, including respiratory depression requiring intubation, can develop over a matter
of days in patients who have multiple functional alleles of

The synthetic opioid methadone exists in the dextro and levo
forms with the l-isoform possessing approximately 8–50 times
more pharmacological activity. The drug acts on the CNS and
cardiovascular system to produce respiratory and circulatory
depression and is used clinically for the treatment of severe pain
as well as in maintenance programmes for morphine and
heroin addicts.
Methadone is typically administered orally (Jenkins 2007).
After a single 15 mg oral dose a peak plasma concentration of
75 ng/mL was observed 4 hours following ingestion (Inturrisi
and Verebely 1972a). Concentrations declined with a half-life
of 15 hours reaching 30 ng/mL by 24 hours. Chronic oral admin
istration of 100–200 mg daily resulted in an averaged level
of 830 ng/mL (570–1060 ng/mL) and declined to 460 ng/mL
(range 280–790 ng/mL) 24 hours after the last dose (average
plasma half-life 25 hours) (Inturrisi and Verebely 1972b). In
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general the plasma half-life after a single dose ranges between
10 and 25 hours (mean of 15 hours) and increases during longterm maintenance therapy to about 13–55 hours (mean 30
hours) with a volume of distribution of 4 L/kg and a plasma to
whole blood concentration ratio of 1.3 (Moffat et al. 2004).
Methadone is metabolised in the liver by N-demethylation
to produce unstable metabolites, which undergo cyclisation
to form 2-ethylidine-1,5-dimethyl-3,3-diphenylpyrrolidine
(EDDP) and 2-ethyl-5-methyl-3,3-diphenylpyrroline (EMDP),
neither of which is active. In subjects undergoing methadone
maintenance, about 20–60% of a dose is excreted in urine
within 24 hours, with up to around 33% of the dose appearing
as unchanged drug and up to about 43% as EDDP and 5–10%
as EMDP.
Medically prescribed methadone is diverted into the illicit
market. In Germany, only a minority of methadone-associated
deceased people had participated in substitution treatment
(Musshoff et al. 2003). This indicates that individual physicians
do not comply with the regulations particularly when prescribing take-home dosages. In particular, physicians should use
special caution during the first week of substitution treatment.
Intravenous injection of methadone syrup increases the risk
in general. Furthermore, physicians often fail to detect consumption of additional drugs. Benzodiazepines, ethanol and
further opioids are most frequently involved, particularly when
craving for heroin occurs. There is a serious risk of methadone
enhancing the CNS depressant effects of these substances which
can lead to a lethal respiratory depression. Regular checks for
the consumption of other drugs (e.g. urine tests) must be
performed.
Driving while participating in a methadone maintenance
programme can be justified in individual cases as long as the
road user fulfils his or her associated duty to exercise due diligence. In Germany, this suggests that permission should not be
given before successful methadone substitution for at least 1
year. Additional drug abuse has to be excluded, and selfresponsibility as well as therapeutic compliance and absence of
personality disorders have to be confirmed.

Tramadol
Tramadol is a centrally acting synthetic analgesic with about
one-tenth the pain-relieving effect of morphine. In clinical
practice, it is used as the racemate of the trans-isomer, the latter
being more active than the cis-isomer. Furthermore, (+)-transtramadol exhibits a 10-fold higher analgesic activity than the
(–)-enantiomer; (+)-tramadol exerts opioid effects and inhibits
serotonin reuptake, whereas (–)-tramadol is a noradrenaline
reuptake inhibitor (Raffa et al. 1993). Tramadol is mainly used
for the management of postoperative, gynaecological, obstetric
and cancer pain. The drug provides relief from moderate to
severe pain at oral doses of 50–100 mg administered every 4–6
hours, normally not to exceed 400 mg/day. Using controlled
release preparations in doses between 100 and 200 mg applications are necessary approximately every 12 hours. Analgesia

peaks at a blood concentration of 0.308 mg/L, 1.5–3 hours after
administration of a single oral 100 mg dose (Scott and Perry
2000). The terminal elimination half-life of the parent drug is
approximately 5.5 hours. The half-life values for the main
metabolite O-desmethyltramadol following single and multiple
oral 100 mg doses are 6.69 and 6.98 hours, respectively (Liao
et al. 1992).
Analysis of the influence of the CYP2D6 genotype and
CYP2D6 inhibitors with respect to enantiomeric plasma levels
of tramadol and O-desmethyltramadol as well as a response
to tramadol treatment revealed that concentrations of the
(+)-O-desmethyltramadol differ in the four genotype groups
(poor metabolisers < intermediate metabolisers < extensive
metabolisers < ultrarapid metabolisers) and comedication with
CYP2D6 inhibitors decreased concentrations (Stamer et al.
2007). In poor metabolisers, non-response rates to tramadol
treatment were increased four-fold compared with the other
genotypes, allowing the conclusion that the CYP2D6 genotype
determines O-desmethyltramadol concentrations and influences efficacy of tramadol treatment. This corresponds to the
observation of an opioid-related respiratory depression in a
patient receiving tramadol (Stamer et al. 2008). Analysis of the
patient’s genotype revealed a CYP2D6 gene duplication resulting in ultrarapid metabolism of tramadol to its active metabolite and concomitant renal impairment resulting in decreased
metabolite clearance further enhancing opioid toxicity.

Fentanyl
Fentanyl is a highly lipophilic and fast-acting potent synthetic
opioid, crossing the blood–brain barrier rapidly (Jenkins 2007).
It is used for pain relief and sedation, but is also prescribed
clinically to treat chronic pain (also available as skin patches).
In opioid naive individuals effective analgesia occurs at blood
concentrations of 1–2 ng/mL, surgical anaesthesia occurs at
concentrations of 10–20 ng/mL. Fentanyl is approximately 80%
bound to plasma proteins, the volume of distribution being
about 4 L/kg, and the plasma half-life being 3–12 hours (dose
dependent and increased in the elderly) (Moffat et al. 2004).
The drug is primarily excreted in the urine with up to 85% of
a single dose eliminated over 3–4 days and norfentanyl is the
principal compound detected in urine comprising 26–55% of
a single dose (Poklis and Backer 2004).
Epidemics related to illicit fentanyl abuse and a lot of fentanyl fatalities have been reported in recent years.

51.2.3 Cocaine
Cocaine is a white crystalline powder and is produced by
extraction of its hydrochloride salt from leaves of the coca bush
Erythroxylum coca. This centrally stimulating drug is usually
sniffed or administered intravenously and metabolised in the
system in different ways. The effective medium intoxication
dose depends on the actual type of application. For intravenous
application, approximately 10 mg of cocaine hydrochloride are
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needed, for nasal application approximately 20–50 mg. A
maximum single dose is about 100 mg. The first doses of
cocaine are usually rather low but can be increased rapidly up
to several grams per day. Cocaethylene can be formed as an
additional active metabolite if cocaine and alcohol are consumed together.
Physiological effects of cocaine stimulation include tachycardia, vasoconstriction, mydriasis and hypothermia. CNS
stimulation results in increased alertness, diminished appetite
and increased energy. Euphoria or psychological stimulation
produced by cocaine is thought to be related to the inhibition
of serotonin and dopamine reuptake. Cocaine also acts as a
local anaesthetic due to its ability to block sodium channels in
neuronal cells. Cocaine intoxication can develop differently
depending on individual psychological state and personality
structure and is not always predictable. Usually there are three
phases of intoxication:
1. Euphoric intoxication stage (seconds or minutes to hours):
the euphoric ‘high’ feeling is accompanied by feelings of
power and happiness and excessive self-esteem. There are
strong positive feelings, courage and increased readiness to
assume risks. Additionally, impetus is generally increased
while signs of exhaustion or fatigue are missing. Thinking
processes are accelerated, inhibitions are reduced and a lack
of distance can be noticed. At the same time, there is a
restriction of the ability to perceive criticism and capacity
of discernment.
2. Intoxication stage: euphoria decreases, external stimuli
might be sensed as negative, stressful or frightening. Illusions and/or paranoid-hallucinatory states of paranoia,
especially of visual or tactile nature, can be observed. Additionally, coordination can be disturbed and tremor might
occur.
3. Depressive stage: this state is characterised by a loss of
drive, extreme fatigue, melancholy, exhaustion, irritability
and anxiety including depression. While there is an agonising feeling of hopelessness, often accompanied by paranoid
ideas, a tremendous urge to consume cocaine again
develops.
The second and third stages of intoxication usually develop if
cocaine is rapidly absorbed in blood and brain (intravenous
consumption or smoking crack or free base). Sniffing cocaine
usually does not lead to these stages of intoxication. Only if
cocaine is sniffed frequently and/or excessively might stages 2
and 3 occur.

Absorption
According to Wilkinson et al. (1980) peak plasma concentrations of cocaine were reached 50–90 minutes after intranasal
application (‘snorting’). Intravenous administration of 32 mg
cocaine hydrochloride resulted in an average peak plasma concentration of 308 ng/mL at 5 minutes following intake (Javaid
et al. 1983). Also possible is the administration by the route of
smoking in the form of cocaine base, commonly called ‘crack’,
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or by a process known as ‘free-basing’ in which powdered
cocaine hydrochloride is converted into its base form. After
smoking of 50 mg of cocaine, an average peak plasma cocaine
concentration of 203 ng/mL was achieved at 5 minutes (Jeffcoat
et al. 1989). Cocaine plasma concentrations after intravenous
administration of 25 mg of cocaine hydrochloride compared to
those observed following smoked administration of 42 mg
cocaine base indicated that the two doses produced nearly equal
plasma concentrations (Cone 1995). Average peak plasma
concentrations reached within 5 minutes were 230 ng/mL
(98–345 ng/mL) and 227 ng/mL (154–345 ng/mL), respectively.
After intranasal application of 32 mg of cocaine hydrochloride,
peak plasma concentrations ranged from 40 to 88 ng/mL after
0.39–0.85 hours. The bioavailability was 70% by the smoked
route and 94% by the intranasal route.

Distribution
The steady state volume of distribution of cocaine is relatively
high (1–3 L/kg), reflecting extensive extravascular distribution
(Moffat et al. 2004). The main metabolite benzoylecgonine
is much more polar, explaining a volume of distribution of
only 0.71 (Ambre et al. 1991). Cone (1995) proposed a twocompartment model with bolus input and first order elimination for the intravenous and smoked routes and first order
absorption and first order elimination for the intranasal route.
The average elimination half-life was 244 minutes after intravenous, 272 minutes after smoked and 299 minutes after intranasal administration.

Metabolism and elimination
Cocaine is rapidly inactivated in vivo either by the action of
hepatic esterases and plasma cholinesterase to ecgonine methylester or by spontaneous hydrolysis to benzoylecgonine (Cone
et al. 1994). Both metabolites are further hydrolysed to ecgonine (Fig. 51.24). In the presence of ethanol, cocaine is also
converted to cocaethylene by a transesterification reaction in
the liver, with cocaethylene being further transformed into norcocaethylene and ecgonine ethyl ester. The presence of ethanol
also increases cocaine demethylation to the active metabolite
norcocaine. Heating of cocaine, as occurs when crack cocaine
is smoked, results in the production of anhydroecgonine methyl
ester which is hydrolysed to anhydroecgonine.
Due to a relatively short half-life of approximately 1 hour,
cocaine is detectable in blood plasma for roughly 5–6 hours
after the peak concentration has been reached (Javaid et al.
1983; Isenschmid et al. 1989; Jeffcoat et al. 1989; Cone 1995).
Figure 51.25 shows serum concentrations of cocaine and benzoylecgonine after nasal application. The peak plasma concentration of benzoylecgonine occurs about 90 minutes after
intravenous administration or smoking of cocaine and 3 hours
after snorting. Compared to the parent drug, the elimination
half-life of 4–6 hours permits a longer window of detection.
Additionally, cocaine is degraded in unstabilised blood or
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Figure 51.25 Plasma cocaine and benzoylecgonine concentrations after intranasal application of 106 mg cocaine-hydrogen chloride.
Data modified from Jeffcoat et al. (1989).

plasma samples until analysis. Therefore benzoylecgonine is
considered as the target analyte when investigating blood
samples with the suspicion of previous cocaine abuse. For
interpretation in forensic cases, such an in vitro degradation of
cocaine-like compounds has to be taken into consideration. In
samples without additives, cocaine is rapidly enzymatically
hydrolysed to ecgonine methyl ester (Isenschmid et al. 1989)
and also, but only to a minor extent, to benzoylecgonine
(Stewart et al. 1979; Toennes and Kauert 2001). Ecgonine
methyl ester is further hydrolysed by plasma cholinesterase to
ecgonine, but reports on the stability of benzoylecgonine are
controversial. An enzymatic hydrolysis to ecgonine could be
expected, but some authors have suggested that benzoylecgonine is stable in unpreserved serum (Isenschmid et al. 1989;
McCurdy et al. 1989; Logan and Peterson 1994). Stewart et al.
(1979) described a constant, but slow hydrolysis in unstabilised
samples which was explained by a low affinity of benzoylecgonine to plasma cholinesterase. Others reported a substantial

decrease of benzoylecgonine concentrations even in blood
samples stabilised with fluoride for inhibition of esterase activity (Giorgi and Meeker 1995; Moody et al. 1999). Toennes and
Kauert (2001) described a massive degradation of benzoylecgonine in unstabilised samples. Degradation of cocaine as well as
of benzylecgonine to ecgonine esters was inhibited in fluoridecontaining samples and also benzoylecgonine was demonstrated to be stable. Previously, Baselt et al. (1993) demonstrated
that benzoylecgonine was stable in blood for 1 year in evacuated
collection tubes containing 100 mg of sodium fluoride and
20 mg of potassium oxalate.
Cocaine crosses the blood–brain barrier rapidly and accumulates in the CNS. In the CNS, it is catabolised more slowly
than in blood. The concentration ratio of brain/blood is 4 : 1
when the blood maximum level is reached 20 minutes after
application. The concentration ratio can increase up to 20 : 1.
Thus, even at low cocaine concentrations in blood or at negative cocaine concentrations, an acute effect is possible when
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Figure 51.26 Structures of amphetamine, methamphetamine and methylene dioxyamphetamines.

benzoylecgonine findings are clearly positive. Therefore, for
evaluation purposes, the time of last intake of cocaine has to be
taken into consideration.

51.2.4 Amphetamine and amphetamine-like
drugs
Amphetamine and its derivates and homologues are fully synthetic products which are available mostly as salt, powder,
capsule or tablet form (Fig. 51.26). Amphetamine is related to
methamphetamine. The central stimulant effect of methamphetamine and, thus, its potential for abuse is nearly double
that of amphetamine. In addition, there are a number of drugs
that can be regarded as precursors to amphetamine (including
amphetaminil, benzphetamine, clobenzorex, dimethylamphetamine, ethylamphetamine, famprofazone, fencamin, fenethyllin, fenproporex, furfenorex, mefenorex, mesocarb, prenylamine
and selegeline) (Musshoff 2000). The effects of these drugs
(partly psychostimulants and doping agents) are mainly based
on the release of methamphetamine and amphetamine during
body passage.
In addition to amphetamine, there are other drugs
with combined stimulant and hallucinogenic effects which
are of importance. The most important drugs are methylene
dioxyamphetamines (collective term: ecstasy). These include
amongst others 3,4-methylenedioxy-methylamphetamine
(MDMA), 3,4-methylenedioxy-ethylamphetamine (MDEA)
and 3,4-methylendedioxy-amphetamine (MDA) (Kraemer and
Maurer 2002). While these and other substances are subject to
the laws governing the use and trafficking of drugs, new derivatives which are not yet subject to the laws are being synthesised.
These derivatives (e.g. piperazine derivatives) are subject to the

German Medicines Act until they are classified as illegal
drugs. Typical substances include para-methoxyamphetamine
(PMA), para-methoxymethamphetamine (PMMA) and
4-methylthioamphetamine (4-MTA) (Staack and Maurer
2005).
Furthermore,
N-benzylpiperazine
(BZP),
1-(3,4-methylenedioxybenzyl)piperazine
(MDBP), 1-(3trifluoromethylphenyl)piperazine (TFMPP), 1-(3-chlorophenyl)
piperazine (mCPP) and 1-(4-methoxyphenyl)piperazine
(MeOPP) were considered as derivatives of the class
of piperazine-derived designer drugs, as well as
α-pyrrolidinopropiophenone
(PPP),
4′-methoxy-αpyrrolidinopropiophenone (MOPPP), 3′,4′-methylenedioxyα-pyrrolidino-propiophenone
(MDPPP),
4′-methyl-αpyrrolidinopropiophenone (MPPP), and 4′-methyl-αpyrrolidinoexanophenone (MPHP) as derivatives of the class
of α-pyrrolidinophenone-derived designer drugs (Meyer
and Maurer 2010). Furthermore cathinone-derived designer
drugs like 3-bromomethcathinone (3-BMC) and 3fluoromethcathinone (3-FMC) as well as β-keto amphetamines
like mephedrone, butylone and methylone are of interest
(Meyer et al. 2010; Meyer et al. 2012).
Amphetamine is usually consumed orally, sometimes nasally
(Jenkins 2007). The concentration curve of amphetamine is
shown in Fig. 51.27. Orally ingested doses of 5–15 mg increase
motivation and physical performance for 5–10 hours while
sleep requirement is suppressed. The d-form of amphetamine
has a 3–4-fold higher centrally active effect than the l-form.
Mean doses of 10–20 mg cause additional psychic effects (strong
euphoria); doses of about 50 mg have to be considered as high
doses and the dose of tolerant consumers can be several grams
per day. Following a 10 mg oral dose, peak serum concentrations of 35 ng/mL were achieved at 2 hours and declined with
a half-life of 11–13 hours (Rowland 1969). The plasma half-life
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Figure 51.27 Amphetamine concentration curve after oral
application of 10 mg amphetamine sulphate. Data modified from
Rowland (1969).

for the l-isomer is approximately 39% longer, indicating a
slower metabolism than the d-form. Furthermore half-lives of
both isomers are reduced to about 7 hours due to enhanced
elimination via acidification of the urine (Matin et al. 1977;
Wan et al. 1978). Amphetamine metabolism includes deamination, oxidation and hydroxylation. Following administration of
5 mg, 90% of the dose was excreted in the urine within 3–4 days
(Dring et al. 1970; Sever et al. 1973). In the 24-hour urine, 70%
of the dose was excreted with 30% as unchanged drug. The
amount excreted unchanged within 24 hours may increase to
74% of the dose in acidic urine and decrease to 1–4% in alkaline urine.
Similar to amphetamine, the d-form of methamphetamine
has reportedly greater central stimulant effects than the l-form,
which has greater peripheral sympathomimetic activity. Therefore the d-form is the commonly abused isomer while the lform is typically found in inhalers as a decongestant. Following
a single 12.5 mg oral dose a mean peak plasma concentration
of 20 ng/mL was observed within about 2 hours (Driscoll et al.
1971). The plasma half-life is about 9 hours (Moffat et al. 2004).
Amphetamine is the major active metabolite of methamphetamine, which undergoes hydroxylation and N-demethylation.
Methamphetamine is readily absorbed after oral administration and about 70% of a dose is excreted in urine within 24
hours. Under normal conditions, 43% is excreted as unchanged
drug and about 4–7% as amphetamine. In acidic urine, up to
76% is excreted as unchanged drug compared to 2% under
alkaline conditions (Lebish et al. 1970; Moffat et al. 2004).
Amphetamine-like substances under the term ‘ecstasy’ are
usually consumed as tablets, sometimes as powder, nasally or
dissolved in juice. Effective single doses of MDMA, MDEA or
MDA in the case of oral consumption are between 50 and
150 mg (1–1.5 mg/kg of body weight). Contrary to consumption of amphetamine, consuming such similar drugs does not
seem to cause pronounced tolerance. Nevertheless, frequent
intake of several doses every day might be a sign of developing
tolerances. Following an oral dose of 75 mg mean peak plasma

Figure 51.28 Plasma 3,4-methylenedioxy-methylamphetamine
(MDMA) concentration and concentration of its metabolite MDA
after oral application of 50 mg MDMA. Data modified from
Verebey et al. (1988).

MDMA concentration of 180 ng/mL was observed at 1.8 hours
with an MDA peak of 78 ng/mL 5 hours after administration
(Farre et al. 2004). The concentration curves of MDMA and its
metabolite MDA in blood after oral ingestion are shown in Fig.
51.28. Following application, 65% of the dose is excreted as
parent drug within 3 days. Both MDMA and MDA are hydroxylated to mono- and dihydroxy derivatives and subsequently
conjugated before elimination. The plasma half-life has been
reported with about 6–7 hours (Moffat et al. 2004).
High doses do not increase euphoria but lengthen the state
of exhaustion after drug intake. The mere psychic addiction
potential is presumably comparable to that of amphetamine.
Apart from stimulation, sympathomimetic and euphoric effects
as well as effects similar to a release of adrenaline from the
adrenals, these effects are similar to those of amphetamine.
Consumers feel an improvement of their emotional condition.
Emotional disinhibition, an increase of self-esteem and a
decrease of communication barriers are the positive effects of
such drugs. Additionally, users like the increased intensity of
music and light and so on. About 15–30 minutes after oral
intake of usual doses, nausea, sweating, headache and tachycardia can frequently be observed. About 45–60 minutes after drug
consumption, the user experiences an easy-to-control and
comforting feeling of euphoria. This feeling is accompanied by
an increase of perception, emotionality, activity and willingness
to communicate while consciousness is preserved. About 1–3
hours later, this state of mind fades and might be replaced by a
state of exhaustion. A normal mental and physical state is
achieved after 6–8 hours. However, the experiences observed
during intoxication might be remembered vividly. A state of
exhaustion might occur and remain for up to 2 days. The effects
of the various methylene dioxy amphetamines show only mar-
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ginal differences. MDMA, which is often described as a
‘harmony drug’, causes mild euphoria and an equilibrium
lasting for several hours. Additionally, increased interpersonal
skills can be observed. The drug affects relaxation and improvement of motivation. The effects of MDMA are not as severe as
the effects of MDEA. Nevertheless, impetus, visual and acoustic
perception are higher than with MDEA.
MDA can cause perception disorders regarding space and
time as well as synaesthesia – these disorders disappear when
minor plasma concentrations are reached. Side effects are a
dysphoric state with depression, anxiety, hallucinations with
psychotic reactions and confusion.
Additionally, restlessness, nausea, visual and hearing impairment, muscle cramps and impaired movement might be
observed. An increased heart rate and blood pressure with the
risk of hyperthermia and cerebral haemorrhage up to central
circulatory failure might occur, too.
A general model concerning the effects of stimulants was
described by Ellinwood and Nikaido (1987) and can be applied
to amphetamine and amphetamine-like drugs as well as to
cocaine abuse. A single small dose of stimulants can actually
have an initial arousal and performance enhancing effects (Fig.
51.29). Higher plasma drug concentrations can result in a
hyperarousal state and degenerated performance. Toxic doses
of stimulants generate hyperexcitability and probably toxic hallucinatory delirium-type states with overwhelming degradation of performance. Finally, drug withdrawal can produce
hypersomnolence and fatigue with a different type of performance impairment.
Recently, more so-called ‘legal highs’ have been available on
the ‘market’, especially on the party scene. These products are
said to be a legal alternative to illegal drugs and are named, for
example, ‘bath salt’, ‘air freshener’ or ‘mixed herbs’. Nevertheless,
these products usually contain narcotics or similar chemical

substances that are not mentioned on the package. Well-known
ingredients are mephedrone, methylcathinone or piperazine
derivatives (see above). The handling of such products is punishable under the German Narcotics Act, provided that they
contain narcotics. For substances that are not classified as narcotics but have similar pharmacological effects, the regulations
and penal provisions of the Medicines Act come into force.

51.2.5 Other drugs of interest
Besides the drugs described above several other substances can
be of interest depending on availability, trends in the drug scene
and other aspects. Lysergic acid diethylamide (LSD) is the most
potent hallucinogenic drug especially used in the 1960s and
1970s but is not commonly used in the community. Other relatively common hallucinogens are herbal and fungal sources of
psychedelics and include especially psilocybin mushrooms
(largely species in the Psilocybe genus), but also various ingredients of Ayahuasca preparations (e.g. Psychotria viridis) and
peyote (Lophophora williamsii).
Commonly abused inhalants are butane, diethyl ether or
other anaesthetics (e.g. propofol), freon, nitrous oxide, toluene
and xylene.
Since the late 1990s in particular, γ-hydroxybutyric acid
(GHB) has come into more common use as a party drug
(so-called ‘Liquid ecstasy’, ‘Liquid E’, ‘Liquid X’ and ‘Fantasy’)
(Madea and Musshoff 2009). It is available on the black market
as a hygroscopic solid or as a colourless or coloured liquid
(aqueous solution of GHB salts). At low doses (0.5–1.5 g), the
stimulating effect of the drug dominates: it has an anxiolytic,
mildly euphoric, and socially potentiating effect, although, like
alcohol, it can impair motor control (Table 51.7). When taken
in higher doses (up to 2.5 g), it leads at first, like alcohol, to a
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Figure 51.29 Relationship between the drug concentration and the behavioural effects of stimulants: an initial improvement in
performance is followed by performance impairment. After Ellinwood and Nakaido (1987).
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Table 51.7 Consequences of inappropriate use of γ-hydroxybutyric
acid. Reproduced with permission from Madea and
Musshoff (2009), © Deutsches Ärzteblatt, ÄrzteVerlag GmbH.
Dose (oral) (g)

Effect

1.0–2.0

Relaxation, anxiolysis, euphoria, sedation

2.5–3.0

Nausea, vomiting, myoclonus, bradycardia,
amnesia

3.0–4.0

Unconsciousness

>4.0

Respiratory depression, coma

heightening of mood and drive, sometimes also of sexual desire.
At higher doses, it is heavily sleep-inducing. Overdoses can
cause a sudden, deep sleep from which the affected person can
hardly be aroused. GHB overdoses cause an undesired, narcotised sleep, which is relatively unproblematic as long as other
drugs have not been taken at the same time. It is dangerous to
combine GHB with alcohol, and other CNS depressant drugs
such as benzodiazepines. Nausea and vomiting may occur, and
this, in combination with the narcotic effect of the drug, can
lead to death by aspiration of vomitus and suffocation. Moreover, life-threatening respiratory depression and cardiac arrhythmias may arise. Because GHB shares its sleep-inducing property
with a number of other substances, the correct diagnosis of
GHB intoxication is often missed by emergency medical personnel and other people trying to help. A benzodiazepine or
opioid overdose is usually suspected at first, but neither flumazenil nor naloxone is an effective antidote to GHB. The possible
reversibility of the effects of GHB with physostigmine is currently a matter of debate (Andresen et al. 2008).
Butyro-1,4-lactone, also called γ-butyrolactone (GBL), is a
colourless liquid with a faint intrinsic odour. It is widely used
as an industrial solvent and as a paint remover, graffiti remover,
nail polish remover and cleaning agent. It is also used as a
reagent for the manufacture of pharmaceuticals and agricultural chemicals. Unlike GHB, it has not yet been classified as an
illegal narcotic agent, even though it is used as a knock-out
drug. It is hydrolysed to GHB in the body through the action
of 1,4-lactonase. The plasma half-life of GBL is less than 60
seconds because of its rapid metabolism to GHB; thus, 5
minutes after GBL is consumed, only about 3% of the original
amount is still present in the body. 1,4-Butandiol (BDO) is used
in industry as an emollient and is also an important intermediate product in the synthesis of other substances, including GBL.
BDO is also metabolised in the body to GHB through the action
of alcohol dehydrogenase and aldehyde dehydrogenase. Its
effect begins about 5–20 minutes after it is taken by mouth and
lasts for about 2–3 hours. Doses above 4 mL have a sleep promoting effect, like GHB. Again like GHB, BDO in very high
doses can cause coma and death.
There is a substantial regional variability in patterns of
illicit drug use and some drugs that are specific or unspecific

to the demographic area. Not all drugs of interest can be specified here.

51.3 Sedatives and hypnotics
Thomas Kraemer and Andrea E. Schwaninger

51.3.1 Toxicology
Sedatives and hypnotics form a heterogeneous group of substances. According to the World Health Organization (WHO)
Anatomical Therapeutic Chemical (ATC) index, they can be
divided into the following subgroups: barbiturates, aldehydes
and derivatives, benzodiazepine derivatives, piperidinedione
derivatives, benzodiazepine-related drugs, melatonin receptor
agonists, and other hypnotics and sedatives (WHO 2011). In
this ATC classification system, the active substances are divided
into different groups according to the organ or system on which
they act and their therapeutic, pharmacological and chemical
properties. This system was therefore adopted for this chapter.

Pharmacodynamics
Sedative-hypnotics are drugs that lead to sedation by limiting
excitability, and/or induce drowsiness and sleep (hypnosis). All
sedative-hypnotics induce CNS depression. They include agonists at the GABA-A receptor, thus enhancing the function of
GABA-mediated chloride channels which are the primary
mediators of inhibitory neurotransmission in the brain (Lee
and Ferguson 2011). These receptors are members of the Cysloop pentameric ligand-gated ion channel (LGIC) superfamily
with GABA as endogenous ligand. The active site of the GABA-A
receptor is the binding site for GABA. The activity of the receptor can also be modulated via other allosteric binding sites at
the protein (Barnard et al. 1998; Olsen and Sieghart 2008). They
are therefore targets of sedative-hypnotic drugs such as barbiturates, benzodiazepines, benzodiazepine-related drugs or piperidinedione derivatives. Benzodiazepines also interact with
specific benzodiazepine receptors that are not associated with
the GABA receptor. These receptors had been labelled omega
receptors (ω-receptors), a term that is now obsolete. Instead, it
has been recommended to use benzodiazepine omega site
(BZ/ω site). In fact, the heteromeric LGICs offer much greater
heterogeneity than other known receptor subtypes. More details
can be found in the references (Barnard et al. 1998; Olsen and
Sieghart 2008). Some sedative-hypnotics also act by inhibiting
excitatory neurotransmission via glutamate-mediated NMDA
receptors. Newer sleep aids, such as melatonin and ramelteon
are agonists at melatonin receptor subtypes MT1 and MT2 in
the suprachiasmatic nucleus of the brain. Dexmedetomidine,
used by intensive care units and anaesthetists is relatively
unique in its ability to provide sedation by acting as an agonist
of α2-adrenergic receptors similar to clonidine.
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Pharmacokinetics
Most sedative-hypnotics are rapidly absorbed via the gastrointestinal tract. Some of them are also used intravenously for
rapid onset such as thiopental or midazolam. When taken
orally, barbiturates and benzodiazepines are primarily absorbed
in the small intestine. Because they act at receptors in the brain,
they must cross the blood–brain barrier. For that purpose, they
must be lipophilic which in turn means that they usually have
to be metabolised to be ready for excretion. Being that lipophilic
they are redistributed to other (fatty) body tissues, explaining
rapid loss of clinical effects, for example, of ultra-short acting
barbiturates or intravenously used benzodiazepines such as
midazolam. Another consequence of their lipophilicity is that
they are often highly protein bound. Thus being not filtered by
the kidneys they have to be eliminated via metabolism (Lee and
Ferguson 2011). There are also exceptions such as the more
water-soluble drugs chloral hydrate or meprobamate and the
longer-acting barbiturates. In Table 51.8 some pharmacokinetic
parameters for sedative-hypnotics discussed in this chapter are
given (taken from Ratz et al. 1999; Aktories et al. 2004; Baselt
2008; Sweetman 2009).

Poisoning
With most of them being centrally depressing agents, overdoses
with sedative-hypnotics lead to typical symptoms such as
altered level of consciousness, difficulties in thinking, drowsiness, faulty judgment, incoordination, shallow breathing,
slurred speech, sluggishness, staggering or at larger doses even
coma. In some cases, CNS depression parallels respiratory
depression. Having similar mechanisms of action (e.g. prolongation of the opening of the chloride channel of the GABA
receptor by barbiturates and increasing of the ionophore
opening by benzodiazepines), the combination of different
sedative-hypnotics leads to synergistic effects aggravating the
intoxication. Especially, combination of ethanol with sedativehypnotics is a typical complication (Buckley et al. 1995; Verstraete and Buylaert 1995; Wilkinson 1995; Treweek et al. 2010).

Clinical and forensic toxicological aspects
Sedative-hypnotics are often the cause of unconsciousness in
medical emergencies and should therefore be included in
typical toxicological screening analyses (i.e. general unknown
or systematic toxicological analysis (STA)) (Sauvage et al. 2006,
2009; Maurer 2007, 2009; Peters et al. 2009; Sturm et al. 2010;
Johnson and Botch 2011). An additional field for determination
of sedative-hypnotics is the diagnosis of brain death, that is
the exclusion of effective plasma concentrations of drugs
that might mimic a flat-line electroencephalogram (EEG). A
minimum consensus for toxicological analysis in this context
includes relevant analytes (thiopental, pentobarbital, methohexital, phenobarbital, diazepam, nordazepam, midazolam and
propofol) (Peters et al. 2005a, 2005b). The determination of
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sedative-hypnotics is often an issue in forensics, for example,
the question of penal responsibility of a criminal after ingestion
of sedative-hypnotics must be answered. They may also reduce
the driving ability or the ability to work at machines (Kraemer
and Maurer 2007). Furthermore, in cases of drug-facilitated
sexual assault, determination of sedative-hypnotics might be
necessary (Elliott 2008; Butler and Welch 2009; Shbair and
Lhermitte 2010; Shbair et al. 2010a, 2010b).

Tolerance, dependence and withdrawal
Drug tolerance occurs with sedative-hypnotics and is defined
as a progressive diminution of the susceptibility to the effects
of a drug, resulting from its continued administration. Higher
doses of the drug are necessary to achieve the same effect. Tolerance happens when adaptive neural and receptor changes (plasticity) occur after repeated exposures. These changes can be of
different kind: downregulation may lead to a decrease in the
number of receptors, receptor desensitisation may lead to a
reduction of firing or receptor shifting may lead to changes in
the receptor. Another possibility is the reduction of coupling of
sedative-hypnotics from their respective GABA-A receptor site
(Lee and Ferguson 2011). It is also known that, for example,
chronic use of benzodiazepines decreases the activity of the
benzodiazepine site on the GABA receptor and at the same time
decreases the binding affinity of the barbiturate sites. This phenomenon is called cross-tolerance.
The WHO defines dependence syndrome as a cluster of
behavioural, cognitive and physiological phenomena that
develop after repeated substance use and that typically include
a strong desire to take the drug, difficulties in controlling its
use, persisting in its use despite harmful consequences, a higher
priority given to drug use than to other activities and obligations, increased tolerance and sometimes a physical withdrawal
state (WHO 2001, 2011). The dependence syndrome may be
present for a specific psychoactive substance (e.g. tobacco,
alcohol or diazepam), for a class of substances (e.g. opioid
drugs or the sedative-hypnotics) or for a wider range of pharmacologically different psychoactive substances.
Withdrawal state is defined as a group of symptoms of variable clustering and severity occurring on absolute or relative
withdrawal of a psychoactive substance after persistent use of
that substance. It may be complicated by convulsions. Some of
the sedative-hypnotics, classically the barbiturates, benzodiazepines and ethanol, are associated with characteristic potentially life-threatening withdrawal syndromes.

51.3.2 Barbiturates
Barbiturates were introduced at the beginning of the 20th
century. This class of medications prevailed the sedativehypnotic market for more than 50 years. Having a narrow
therapeutic-to-toxic ratio, and as given above a high poten
tial for abuse, barbiturates became a health problem in many
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Table 51.8 Some pharmacokinetic parameters of sedative-hypnotics.
Substance

Bioavailability
(%)

Volume of distribution
(L/kg)

Protein binding
(%)

Clearance
(mL/min)

Half-life, t1/2
(h)

Extrarenal
fraction, Q0

Alprazolam

90

0.8

70

60

14

0.9

8–12

1.5–3

Strong

Hepatic

20–24

40

8–12

7–15

30

Bromisoval
Camazepam

100

Carbromal
Chlordiazepoxide

100

Choral hydrate

0.3

97

0.6

35

12–(70)

Clobazam

90

1.4

90

50

18 (50)

Clomethiazole

90

7.9 ± 1.1

60–70

40 ± 10

2.3–5

130 (CL/F)

2.0 (70)

Clorazepate

0.33 (V/F)

Dexmedetomide

3–7

94

1.0

4 min (6–10 TCE)
1.0

1.0

3–10

Diazepam

100

1.1

98

30

40 (70)

1.0

Diphenhydramine

55

5

80

800

6

0.9

174–240

7–13

Doxylamine

2.7

Eszopiclone

1.1–1.7

52–59

4–9

Ethchlorvynol

2.4–3.2

62

19–32

Flumazenil

1

50

1200

0.9

1.0

3 (V/F)

80

200 (CL/F)

16

1.0

2.7

54

5–22

93

1.5

Flunitrazepam

85

Glutethimide
Ketazolam

>90

1–2 (40–100)

Melatonin

1.8–2.5

61–78

40–50 min

Meprobamate

0.7

20

6–17

Methaqualone

6

80

20–60

2

80

0.6–1.5

60

1

95

Medazepam

Methohexital

49–76

25

Methyprylon
Midazolam

45

800

6 min (2)

1.0

7–11
400

2 (1)

1.0

Nitrazepam

80

2

90

60

26

1.0

Nordazepam

c. 100

1

98

10

70 (8)

1.0 (1.0)

Oxazepam

>90

0.6

95

70

8

1.0

Hepatic

3–10

Paraldehyde

0.9

Pentobarbital

80

0.6

50

Phenobarbital

c. 100

0.54

50

1.0–1.1

82

>80

1.4

97

2.5

85

240

11 (22)

1.0

45

1

90

400

2.5

1.0

Ramelteon
Temazepam
Thiopental
Triazolam

4.4

30

1.0

100

0.7

0.5–2.4
100/60

Triclofos

12/17

1.0

7–11 (Trichloroethanol)

Zaleplon

1.0–1.5

60

0.9–1.2

Zolpidem

70

0.5

92

300

2.5

1.0

Zopiclone

80

1.3

45

230

5

0.95

CL/F, clearance/bioavailability (relative from 0 to 1); TCE, trichloroethanol; V/F, volume of distribution/bioavailability (relative from 0 to 1).
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countries. This was a major cause for the efforts of pharmaceutical companies to find less toxic alternatives. Barbiturates were
the number one suicide pills for several decades (Sandberg
1953; Locket 1954; Long 1960; Barraclough et al. 1971). Barbiturate mortality was even used as an index for its use (Richman
and Orlaw 1965) and the addition of emetics had been proposed to prevent suicides (Sandberg 1953). Barbiturates have
again gained questionable fame as the drug of choice for assisted
suicide endorsed by right-to-die societies (Flanagan and Rooney
2002; Bosshard et al. 2003; Nordentoft et al. 2007; Ogden et al.
2010). Barbiturates are still used in therapy, but with decreasing
frequency. Phenobarbital and its precursor primidone are still
used as anticonvulsants for which drug monitoring is necessary.
Thiopental is widely used as short-time intravenous anaesthetic. Besides other central depressing substances, thiopental
and its metabolite pentobarbital are often to be monitored for
the decision over brain death.
Barbiturates are 5,5-disubstituted barbituric acid derivatives
which itself has no CNS depressing activity (Fig. 51.30). In
contrast to barbituric acid, which is five times more acidic (pKa
4.0) than acetic acid (pKa 4.75), the 5,5-disubstituted derivatives are only weak acids (pKa about 8). This is of importance
for their biological effects and for their analytical behaviour.
Under physiological conditions, barbituric acid is deprotonated, while 5,5-disubstituted analogues are mainly unionised
and can cross the blood–brain barrier to develop their central
activity. The addition of various side chains influences pharmacological properties of the barbiturates. Lipophilicity increases
with longer side chains leading to easier crossing of the blood–
brain barrier, higher potency and slower rates of elimination.
However, the duration of action of barbiturates does not correlate well with their biological half-lives, because pharma
cokinetic processes such as absorption, (re)distribution and
metabolism to active metabolites also influence their clinical
effects. When given orally, barbiturates are readily absorbed

Figure 51.30 Common chemical structure of barbiturates.
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from the small intestine. Elimination takes place via the liver
and kidneys. Barbiturates with higher lipophilicity are more
protein bound and are mainly metabolised in the liver. Phenobarbital as one of the few barbiturates still in use that is also
excreted into urine as unchanged drug. Urinary excretion can
be significantly increased by urine alkalinisation which is a
treatment regimen that should increase poison elimination by
the administration of intravenous sodium bicarbonate to
produce urine with a pH ≥7.5. The term urine alkalinisation
emphasises that urine pH manipulation rather than diuresis is
the prime objective of treatment. Therefore, the use of the
terms forced alkaline diuresis and alkaline diuresis are obsolete.
Urine alkalinisation cannot be recommended as a first-line
treatment in cases of phenobarbital poisoning, as multiple-dose
activated charcoal is superior (Proudfoot et al. 2004). Barbiturates are known to be inducers of cytochrome P450 (CYP)
enzymes in the liver. CYP2B6, CYP2C9 and CYPs 3A4, 5, 7 are
affected (Flockhart 2010). Thus they can accelerate their own
metabolism and that of other medicaments such as anticoagulants, corticoids, lamotrigine, doxycycline, chloramphenicol,
antimycotics of the azole-type and oral contraceptives, leading
to partial or complete loss of therapeutic effects.
As explained in the introduction, overdoses with sedativehypnotics lead to typical symptoms such as altered level of
consciousness, difficulties in thinking, drowsiness, faulty judgment, incoordination, shallow breathing, slurred speech, sluggishness, staggering or at larger doses even coma. Despite being
named after barbiturates, the so-called ‘barb blisters’, cutaneous
bullae, are also present in intoxications with other sedativehypnotics. Therefore, the name ‘coma blister’ is more common
today. Coma blisters are lesions that occur in the setting of a
variety of neurological diseases. They develop 48–72 hours
after the onset of unconsciousness. Their aetiology is complex
and cannot simply be explained by pressure effects (Kato
et al. 1996; Maguiness et al. 2002; Waring and Sandilands 2007;
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Basu et al. 2009; Rocha et al. 2009). Another common sign of
sedative-hypnotics overdose is hypothermia, but together with
the coma blisters these signs may be more pronounced with
barbiturates.
In severe intoxication cases with barbiturates, death is caused
by respiratory arrest and cardiovascular collapse. If the patient
survives the initial overdose, death may result from other complications such as acute renal failure, pneumonia, acute lung
injury, cerebral oedema and multiorgan system failure as a
result of prolonged cardiorespiratory depression.

51.3.3 Aldehydes and derivatives
Aldehydes, such as chloral hydrate or paraldehyde, were introduced as sedative-hypnotic drugs into therapeutics more than
120 years ago.

Chloral hydrate
Chloral hydrate is the oldest known synthetic sedative-hypnotic
drug. However, it is still used today, especially in paediatrics.
Chemically, it is the hydrate of trichloroacetaldehyde. Formulations contain either chloral hydrate alone or combinations with
acetylglycinamide or antipyrine, named as acetylglycinamide
chloral hydrate or dichloralphenazon, respectively. Trichloroethanol, its glucuronide, dichloroacetic acid and trichloroacetic acid have been identified as chloral hydrate metabolites
as shown in Fig. 51.31. Trichloroethanol, as an active metabolite
also contributes to the pharmacologically active principle of
chloral hydrate therapy.
Acute toxicity includes liver disease, gastric irritation, cardiac
irritability and CNS depression. Physical dependence and tolerance as well as withdrawal symptoms have been observed after
chronic ingestion. Deaths due to chloral hydrate overdose were
reported, and cause of death was mainly attributed to cardiac
arrhythmias (Steinberg 1993). Application of flumazenil was
shown as a suitable therapy for chloral hydrate poisoning in
some cases, resulting in improved consciousness, and increased
respiratory rate and blood pressure (Donovan and Fisher 1989).

Possible carcinogenic properties of chloral hydrate are the
subject of many discussions. Trichloroethylene, formerly used
as a general anaesthetic and disinfectant, is known to form
chloral hydrate as its main metabolite. It was removed from the
drug market due to its genotoxic properties observed in rodent
studies. Very high doses of chloral hydrate were also demonstrated to alter the number of chromosomes. However, the
impact of such studies on genotoxicity of chloral hydrate in
humans is still controversial (Steinberg 1993; Salmon et al.
1995).
Coadministration of chloral hydrate and ethanol leads to a
significant potentiation of the hypnotic effect (Gessner and
Cabana 1970; Owen and Taberner 1980). Various mechanisms
have been discussed aiming to explain this phenomenon: a
general additive effect due to the central depressant actions of
both drugs, induction and inhibition of their metabolism, as
well as coupling of oxidation and reduction of ethanol and
chloral hydrate, respectively (Owen and Taberner 1980). This
synergism provoked particular interest, partly as a result of the
efficacy of a ‘Mickey Finn’ (Inciardi 1977). Even today, chloral
hydrate should still be considered as a possible ingredient of
knockout drops, for example, in the context of drug-facilitated
crimes.

Paraldehyde
Paraldehyde is the cyclic trimer of acetaldehyde and was used
as a sedative-hypnotic drug and in therapy of delirium tremens
in the first half of the 20th century. Now it has been replaced
by newer sedative-hypnotic drugs, such as benzodiazepines or
z-drugs, but is still used as a reserve drug in epileptic therapy
in pediatrics (Gessner and Shakarjian 1985; Ahmad et al. 2006).
One major drawback was its offensive taste and odour resulting
from its degradation to acetic acid. Despite the impression
gained from smelling the breath of paraldehyde-treated patients,
the drug is mostly metabolised, not excreted by the lungs
(Lasagna 1972). Generally, paraldehyde was considered as a
rather safe hypnotic.

51.3.4 Benzodiazepine derivatives

Figure 51.31 Metabolic pathway of chloral hydrate to
trichloroacetic acid and the active metabolite trichloroethanol.

The benzodiazepines were discovered in the late 1950s. Leo
Sternbach had found that the new compounds had hypnotic,
anxiolytic and muscle relaxant properties. In the early 1960s,
chlordiazepoxide (Librium) followed by diazepam (Valium)
had then been introduced. Today, dozens of different benzodiazepines are used as tranquillisers, hypnotics, anaesthetics,
anticonvulsants or muscle relaxants and belong to the most
frequently prescribed drugs. In less than 1% of patients, paradoxical reactions to benzodiazepines may occur, characterised
by increased talkativeness, emotional release, excitement and
excessive movement. The exact mechanism of paradoxical reactions remains unclear (Gutierrez et al. 2001; Robin and Trieger
2002; Mancuso et al. 2004; McKenzie and Rosenberg 2010).
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Figure 51.32 Structures of classic 1,4-benzodiazepines: (a) triazolo, (b) andimidazo, (c) benzodiazepines (clobazam as 1,5
benzodiazepine), (d) flumazenil, and (e) as benzodiazepine receptor antagonist.

The classic benzodiazepines have a 5-aryl-1,4-diazepine
structure, characterised by a benzene ring condensed to the
10- and 11-positions of the 1,4-diazepine ring. The aryl substituent at position 5 is usually phenyl or a 2-halogenated
phenyl ring (Fig. 51.32). Annulation of an imidazole ring in
1,2-position leads to imidazo- or diazolo-benzodiazepines such
as midazolam, alprazolam or triazolam. The primary benzene
ring can be replaced with a thienyl ring to give compounds such
as brotizolam, clotiazepam and bentazepam. There are also
some 1,5-benzodiazepines such as clobazam. Flumazenil is a
benzodiazepine receptor antagonist, which is structurally
related to the benzodiazepines (Fig. 51.32).
Most benzodiazepines are lipophilic and therefore highly
protein bound which prevents renal excretion. This means, that
they must first be metabolised in the liver before they can be
eliminated from the body. During phase I metabolism, benzodiazepines are N-dealkylated, hydroxylated at the phenyl ring
in C-5 and/or hydroxylated at C-3. Metabolism can lead to
common metabolites, that is oxazepam is a common metabolite
in urine for many 1,4-benzodiazepines, such as diazepam,
nordazepam, temazepam, clorazepate, chlordiazepoxide,
ketazolam, camazepam or medazepam (Fig. 51.33a). Other
1,4-benzodiazepines have a nitro-substituent at C-7 (e.g. flunitrazepam, clonazepam, nitrazepam, etc.). They are metabolised
to 7-amino metabolites. Alprazolam, midazolam, triazolam
can additionally be hydroxylated at the methyl group of the
annulated imidazole ring (Fig. 51.33b). Only phase II metabolism (mainly glucuronidation) leads to inactive metabolites.

However, the resulting glucuronides may undergo an enterohepatic circulation which may be responsible for the second peak
of diazepam plasma concentration (Ma and Sun 1993). Again,
because of the individual pharmacokinetics of sedativehypnotics and the production of active metabolites, there is
often little correlation between the therapeutic and biological
half-lives.
Benzodiazepines are considered to be safe drugs. Even after
large overdoses, fatalities after mono-intoxications with them
are rare. Typically, patients with overdoses of benzodiazepines
only need supportive care. Most often deaths occur with combinations of benzodiazepines with other centrally depressing
substances with the most common one being ethanol (Karavokiros and Tsipis 1990; Koski et al. 2002). Even long-term use
of benzodiazepines is usually not associated with specific organ
toxicity or any other systemic injury.
The biggest problem associated with the use of benzodiazepines is their distinctive ability of producing tolerance and
dependence in patients. Psychological and physical dependence
can develop within a few weeks or years of regular or repeated
use (Ashton 2005; Authier et al. 2009; Hidalgo and Sheehan
2009; Liebrenz et al. 2010). Discontinuation after long-term use
often leads to severe withdrawal symptoms such as perceptual
distortions, paraesthesia, feelings of unreality or depersonalisation, pain, visual disturbances, depression, paranoid thoughts
and feelings of persecution, gastrointestinal symptoms, in
creased sensitivity to light, noise, taste and smell, anxiety,
tension, agitation, restlessness and sleep disturbance (Authier
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Figure 51.33 Main metabolic steps of classic 1,4-benzodiazepines to common metabolites of (a) imidazo- and (b) triazolobenzodiazepines.

et al. 2009). Switching a chronic user of a particular benzodiazepine to another benzodiazepine with different receptor activity may also lead to withdrawal. Even fatal outcomes of
withdrawal are reported (Lann and Molina 2009).
Benzodiazepines are commonly administered to medical
critical care patients. Propylene glycol (1,2-propanediol) is the
solvent used to deliver lorazepam and diazepam intravenously.
After prolonged doses of these benzodiazepines the diluent
may accumulate and may also be associated with toxicity such
as metabolic acidosis and hyperosmolar state (Wilson et al.
2005).
Drug–drug interactions may also occur with benzodiazepines and may prolong the half-life of them or change their
potency or duration of action. It is well known that CYP3A4
inhibitors such as ketoconazole, ritonavir and others can significantly inhibit midazolam metabolism leading to a several
hundred times longer half-life (Ahonen et al. 1999; Hamaoka
et al. 1999; Oda et al. 1999; Wang et al. 1999, 2000; Kanazu
et al. 2005; Vossen et al. 2007; Sugiyama et al. 2011). The interand intraindividual expression of CYP3A4 is highly variable (as
much as 40-fold) in humans (Wojnowski 2004). CYP3A4 overexpression might be the reason for high metabolite rates after
midazolam therapy in some patients.
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Figure 51.34 Chemical structures of piperidinediones.

51.3.5 Piperidinedione derivatives
Piperidinedione derivatives such as glutethimide, methyprylon
and pyrithyldion (Fig. 51.34) were first marketed as sedativehypnotic drugs in the 1950s. Initially developed as nonbarbiturate drugs, and aimed to produce less undesired effects
like respiratory depression and hypotension, they are rarely
prescribed today. Some derivatives were even withdrawn from
the market in different countries. Chemically, they have structural resemblance to barbitals, being slightly acidic compounds,
and also act through interaction with GABA-A receptors. As
such, they also lead to addiction and withdrawal symptoms
(Tyrer 1993).
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Because of their low solubility in aqueous fluids, absorption
from the gastrointestinal tract is retarded which should be considered in cases of overdoses (Maher et al. 1962).
Piperidinedione derivatives are extensively metabolised to
various, partly active metabolites. The main metabolites of glutethimide are 1′-hydroxyglutethimide, 4-hydroxyglutethimide,
2-phenylglutarimide, 2-ethyl-2-phenyl-glutaconimide and
α-phenyl-gammabutyrolactone.
At
least
for
4hydroxyglutethimide, 2-phenylglutarimide and α-phenylgammabutyrolactone pharmacological effects were shown
(Baselt 2008). The same is true for 5-methylpyrithyldione
(methylpersedon), the active metabolite of methyprylon.
Pharmacokinetic interactions of glutethimide with codeine
were described, resulting in increased morphine plasma concentrations and therefore potentiation of the pharmacological
codeine/morphine effects. Abuse of this combination, so-called
‘loads’, is described to produce euphoric effects similar to heroin
(Khajawall et al. 1982; Popa et al. 2003), but also increase the
risk of central depression and addiction. Part of the underlying
interaction mechanism was assumed to be a competitive inhibition of morphine glucuronidation by glutethimide or one of its
metabolites. Furthermore, glutethimide showed induction of
various enzymes, however, systematic investigations of drug
metabolising enzymes are not available (Popa et al. 2003).
Typical symptoms of glutethimide overdoses are tachycardia, coma, hypothermia in early stages switching to fever in later
stages, infrequent respiratory depression, sudden apnoea,
hypotension and anticholinergic effects. Compared to barbiturates, piperidinedione derivatives were described to have a
lower risk for respiratory depression, but a higher incidence of
shock. Cause of death in cases of lethal overdoses was attributable to irreversible shock, cardiac arrest and sudden apnoea.
A typical characteristic of piperidinedione overdoses are
often long-lasting comas, persisting in some cases for up to
seven days. Cyclically varying degrees of CNS depression over
this time were observed (Hansen et al. 1975). Accumulation of
reactive metabolites has been postulated as the main reason for
the described symptoms (Kennedy and Fischer 1979). Due to
poor water-solubility, gastric lavage, which is usually performed
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with aqueous liquids, is not effective in the treatment of glutethimide poisoning. Usefulness of haemodialysis is controversially discussed (Maher et al. 1962; Baselt 2008).

51.3.6 Benzodiazepine-related drugs
Zopiclone, zolpidem, zaleplon and eszopiclone are hypnotic
agents that act at the benzodiazepine recognition site of
GABA-A receptors, namely the BZ/ω 1 site. They are often
summarised as z-drugs. Unlike benzodiazepines, they have
weak myorelaxant and anticonvulsant effects, which is explained
by their receptor selectivity. This receptor selectivity was also
claimed to be the key to the alleged absence of potential for
dependence. They belong to the most commonly prescribed
hypnotics (Joester et al. 2010; Rust et al. 2012). They have rapid
onset of action and short elimination half-life (zolpidem 2
hours, (es)zopiclone 5–6 hours and zaleplon 1–2 hours).
Z-drugs have little effect on sleep architecture and do not
shorten rapid eye movement (REM) sleep stages (Besset et al.
1995; Hemmeter et al. 2000; Uchimura et al. 2006).
Zolpidem (Fig. 51.35) is metabolised mainly by CYP3A4 to
inactive metabolites via oxidation of each of the methyl groups
on the phenyl moieties and via hydroxylation of the imidazopyridine moiety (Pichard et al. 1995; von Moltke et al. 2002).
Zaleplon (Fig. 51.35) is extensively metabolised also via CYP3A4
to inactive metabolites, mainly via oxidation to 5-oxo-zaleplon
with less than 1% of dose excreted unchanged in urine (Renwick
et al. 1998). Zopiclone (Fig. 51.35) is extensively metabolised
by CYP3A4 and CYP2C8 via three major pathways: decarboxylation, oxidation and demethylation (Becquemont et al. 1999).
As eszopiclone is claimed to be the active enantiomer, dosage
is lower (1–3 mg) than that for the racemate zopiclone.
Various pharmacokinetic interactions of z-drugs with other
xenobiotics have been reported. They seem to be less clinically
important than those of the conventional benzodiazepines. An
explanation may be a difference in CYP metabolism. While
benzodiazepines such as triazolam and midazolam are biotransformed almost entirely via CYP3A4, the newer z-drugs are

Figure 51.35 Chemical structures of the z-drugs zaleplon, zolpidem, zopiclone and eszopiclone.
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biotransformed by several CYP isoenzymes in addition to
CYP3A4, resulting in CYP3A4 inhibitors and inducers having
less effect on their biotransformation.
Mono-intoxications with z-drugs lead to drowsiness and
CNS depression but prolonged coma with respiratory depression are markedly rare. Severe intoxications or even fatalities
are described but in most (not all) cases there had been concomitant intake of other drugs (Garnier et al. 1994). The benzodiazepine antagonist flumazenil might also work for the
z-drugs.
Even if the z-drugs were thought to be a less dangerous
group of drugs than the benzodiazepines, it has turned out that
tolerance, dependence and withdrawal are also common with
them (Baruch et al. 2007; Cubala and Landowski 2007; Huang
et al. 2007; Sharan et al. 2007; Cubala et al. 2008; Jana et al. 2008;
Spyridi et al. 2009; Aggarwal and Sharma 2010; Hsieh et al.
2011; Mattoo et al. 2011; Wang et al. 2011). The WHO Expert
Committee on Drug Dependence has already taken a close look
on z-drugs. For zopiclone, they have stated that it has some
abuse potential together with the capacity to produce withdrawal syndrome upon its discontinuation. In terms of the
number of adverse drug reaction reports related to abuse
received by the international drug monitoring programme,
zopiclone ranks higher than nitrazepam and temazepam.

51.3.7 Melatonin receptor agonists
Melatonin (N-acetyl-5-methoxytryptamine) is a physiological
substance produced in the pineal gland. As a hormone, its
physiological roles in humans are thought to embrace diurnal
rhythm, sleep, mood, immunity, reproduction, intestinal motility and metabolism mediated by three specific melatonin receptor subtypes, namely MT1, MT2 and the putative MT3 binding
site (Ma et al. 2005). Melatonin secretion is associated with
darkness resulting in higher levels and light in lower levels.
Therefore, increased melatonin concentrations, usually present
in the evening, are responsible for inducing sleep and regulation of the sleep–wake cycle. When MT1 is occupied by a ligand,
neuronal firing is restrained and, hence, sleep is induced (Mets
et al. 2010).
Lacking interactions with GABA receptors like typical
sedative-hypnotic drugs, melatonin was thought of as a versatile alternative sleeping pill without the typical side effects.
Melatonin is available as a dietary supplement in North America,
but was also marketed as a therapeutic drug in Europe in 2007.
However, the efficacy of melatonin is inconclusive, and a recent
meta-analysis failed to show a significant effect on sleep onset
latency (Mets et al. 2010).
Melatonin is mainly metabolised by hydroxylation to
form 6-hydroxymelatonin and to a minor extent Odesmethylmelatonin. They are excreted mainly as the respective
sulphates or glucuronides. CYP1A2 represents the major CYP
enzyme catalysing the initial metabolic steps, with minor contribution of CYP1A1, 1B1 and 2C19 (Ma et al. 2005).

Figure 51.36 Structures of melatonin receptor agonists.

As a potential sedative-hypnotic drug, several attempted suicides have been reported, but no severe clinical outcomes were
observed (Chung 2001). However, the use of melatonin as a
drug is limited by its short biological half-life, poor bioavailability, and the fact that it has numerous other actions. Therefore
chemical modifications were performed in order to synthesise
derivatives of melatonin with more receptor selectivity and
better pharmacokinetic properties (Miyamoto 2009). Ramelteon, first marketed in 2005, was synthesised as part of a programme aimed at limiting the conformational flexibility of the
methoxy group of melatonin, whose orientation is important
for optimal binding to the melatonin MT1 receptor (Uchikawa
et al. 2002). Chemical structures of melatonin and ramelteon
are given in Fig. 51.36.
Compared to melatonin, ramelteon has a six-fold higher
binding potency for the human MT1 and a three-fold higher
affinity for the human MT2, acting via shortening the latency
to sleep onset and by maintaining sleep. However, no impact
on sleep quality was observed. Furthermore, reduction of the
pharmacological effects was seen after 6 months of chronic
ingestion (Mets et al. 2010). Ramelteon is well tolerated and has
no impact on breathing. Neither apnoea nor other depressant
effects on the CNS were observed. Its abuse potential is low and
no next-day residual effects have been demonstrated. However,
its oral bioavailability is less than 2% due to extensive first-pass
metabolism, which includes oxidation of the furan ring, sidechain hydroxylation and ketone formation (Obach and Ryder
2010). Only the side chain hydroxyl metabolite showed slight
pharmacological activity, but the impact is still unclear. It is
discussed that because of its longer half-life and accumulation
in plasma, contribution to the overall effects is possible.
CYP1A2, CYP2C19 and CYP3A4 (Obach and Ryder 2010) were
the main isoenzymes involved. In vivo, fluvoxamine was found
to raise serum ramelteon levels by 70-fold indicating potential
risk for drug–drug interactions. Still, intoxications with ramelteon have been described. Adverse side effects observed were
mild ranging from nausea to dizziness and somnolence (Baselt
2008).

51.3.8 Other hypnotics and sedatives
Several other substances, belonging to a large diversity of different chemical drug classes were or are still used as sedatives
and hypnotics. Some chemical structures are given in Fig. 51.37.
Although meprobamate and the antihistaminic drugs diphen-
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Figure 51.37 Chemical structures of other sedative-hypnotic drugs.

hydramine and doxylamine are not enclosed in the ATC classification system, they still represent important sedative-hypnotic
drugs and are therefore discussed in this section of the chapter.

Methaqualone
Methaqualone (Fig. 51.37) is a powerful sedative, which was
widely used. It has a high potential for addiction and misuse
and was therefore scheduled. In the USA, methaqualone was
removed from the market in 1984, but it is still available in
European countries in combination with diphenhydramine.
However, since modern sedative-hypnotics show much less
toxicity, its use in pharmacotherapy has decreased. Common
symptoms of methaqualone overdose include depressed levels
of consciousness, tachycardia, dysarthria, hyporeflexia and
mydriasis (Bailey 1981).

due to its intake are described (Klug and Schneider 1984).
Compared to clomethiazole, combined carbamazepine and
tiapride alcohol detoxification treatment shows lower level of
sedation and lack of addictive potential (Diehl et al. 2007).

Niaprazine
Niaprazine is a phenylpiperazine derivative (Fig. 51.37), mainly
prescribed to adolescents (Mancini et al. 2006). Pharmacological binding affinity to dopaminergic, noradrenergic, histaminergic and muscarinic cholinergic receptors was described.
The main metabolite of niaprazine, p-fluoro-phenylpiperazine
additionally exhibit affinity to serotonin receptors (Scherman
et al. 1988). Development of adverse side effects have not been
observed (Ottaviano et al. 1991) and no literature is available
on overdoses concerning the ingestion of niaprazine.

Clomethiazole

H1-antihistaminics

Clomethiazole (Fig. 51.37) has sedative, hypnotic and anticonvulsive effects. It is used in the treatment of the alcoholwithdrawal syndrome including delirium tremens. Fatalities

H1-antihistaminics like diphenhydramine and doxylamine were
initially used in the therapy of hypersensitivity reactions.
However, their central depressant side effects changed their
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field of application to more sedative-hypnotic indications.
Furthermore, diphenhydramine is therapeutically used for its
antiemetic effects. Diphenhydramine and doxylamine are nonprescription drugs, but can still lead to severe poisonings and
have also been abused in drug-facilitated crimes (Pragst et al.
2006).
Overdoses of antihistamines lead to anticholinergic effects
and also to blockade of fast sodium channels, which can result
in cardiac conduction problems including sinus tachycardia,
ventricular tachycardia and torsades de pointes (Jeffery and
Lytle-Saddler 2008). Rhabdomyolysis and prolonged QT intervals have been described as further, rare complications (Ramachandran and Sirop 2008). Already 3 years after its introduction,
the first fatality due to diphenhydramine toxicity was reported
in 1949. The most common symptoms for most fatalities in
literature were cardiac dysrhythmias, seizure activity and/or
sympathetic pupil responses (Nine and Rund 2006). Sodium
channel blockade should be recognised as a complication of
paediatric diphenhydramine overdose and hypertonic sodium
bicarbonate has been proposed as treatment (Cole et al. 2011).

Bromides and bromine-containing
sedative-hypnotics
Bromisoval, also known as bromvalerylurea is a sedativehypnotic drug first marketed in 1908. Chronic use of bromisoval has been associated with bromine poisoning. The same
applies for carbromal (Maes et al. 1985). Several acute intoxications with patients being comatose have been described.
Bromide salts itself, particularly potassium bromide were
popular sedatives in the 19th and early 20th century. Due to
their chronic toxicity they were removed from the market.
Acute bromide poisoning mainly lead to gastrointestinal symptoms, with nausea, vomiting and diarrhoea. Chronic intoxications are difficult to diagnose and to differentiate from other
CNS diseases as only more or less unspecific symptoms like
fatigue, loss of appetite, stomach pain, rapid respiration, stupor
and delirium with hallucinations occur (Baselt 2008).

Meprobamate
Meprobamate is a mild tranquilliser, which has been used since
the early 1950s. It is also a metabolite of the centrally acting
muscle relaxant carisoprodol. It has lost its significance, since
more modern medicaments such as benzodiazepines or
benzodiazepine-related drugs (z-drugs) show less side effects.
Nevertheless, it is still in use and intoxications still occur
(Charron et al. 2005; Daval et al. 2006). Typical symptoms of
overdose include CNS depression, weakness, clonus and hyperreflexia, tachycardia, hypotension and respiratory depression.
Serious and sometimes fatal developments are known, resulting
from haemodynamic disturbance and circulatory collapse, secondary to severe acute cardiac failure (Buire et al. 2009). The
benzodiazepine antagonist flumazenil might also work for
meprobamate overdoses (Roberge et al. 2000).

Triclofos
Triclofos is a prodrug, which is metabolised in the liver to
trichloroethanol and hence displaying similar effects as chloral
hydrate (see Section 51.3.3).

Ethchlorvynol
Ethchlorvynol was first introduced to the pharmaceutical
market in 1955. Intoxication leads to effects similar to those of
barbiturates, mainly characterised by a prolonged deep coma
(Gustafsson et al. 1989; Baselt 2008). When taken orally at
therapeutic doses, it is rapidly absorbed with a distribution
half-life of 1–3 hours. Maximal serum concentrations are
attained within 60–90 minutes. Only 10% of ethchlorvynol is
excreted unchanged via the urine or faeces, or as the volatile
alcohol through the lungs (Yell 1990). Ethchlorvynol produces
psychological dependence, tolerance and physical dependence.
Blood levels greater than 38 mg/L are associated with coma,
hypotension, areflexia and respiratory depression requiring
intubation (Yell 1990). Haemoperfusion has been proposed for
treatment of severe cases (Tozer et al. 1974).

Dexmedetomidine
Dexmedetomidine is a central α2-adrenergic agonist that
decreases central presynaptic catecholamine release. It was
approved by the American Food and Drug Administration
(FDA) in 1999 for short-term use in the critical care setting. In
a recent review (Afonso and Reis 2012), it has been concluded
that dexmedetomidine offers a unique ability of providing both
sedation and analgesia without respiratory depression. It is a
new agent with a wide safety margin, excellent sedative capacity
and moderate analgesic properties. Although its main use is
currently in patients of surgical and non-surgical intensive care
units, dexmedetomidine seems to have promising future applications in neuroprotection, cardioprotection and renoprotection (Afonso and Reis 2012). Nausea, dry mouth, bradycardia
and varying effects on blood pressure (usually hypertension
followed by hypotension) are described as the most common
adverse effects.

51.3.9 Summary
Sedatives and hypnotics form a heterogeneous group of xenobiotics with varying mechanisms of action. They are drugs that
lead to sedation by limiting excitability and/or induce drowsiness and sleep (hypnosis). All sedative-hypnotics induce CNS
depression and can be the cause of unconsciousness in medical
emergencies. Besides their importance in clinical toxicology,
they are also targets for the forensic toxicologist, for example,
in the question of penal responsibility, for driving under the
influence of drugs or drug-facilitated sexual assault cases, as
well as for investigations about cause of death. Tolerance,
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dependence and withdrawal are also quite common with
sedative-hypnotics and must be considered.

51.4 Narcotics and other analgesics
Dimitri Gerostamoulos and Olaf H. Drummer
Narcotic drugs have traditionally derived from natural and synthetic morphine derivatives possessing morphine like actions.
The most common of these include such drugs as morphine,
heroin, codeine, and so on, and are collectively known as
opioids or narcotic analgesics. The global consumption of
opioids more than tripled during the period 1991–2010 and
rank third in terms of community prevalence and use behind
cannabis and stimulants. Legitimate opioids, such as morphine,
codeine, oxycodone, hydrocodone and hydromorphone, are
being consumed at an ever-increasing rate. According to the
International Narcotic Control Board, approximately 50 countries have increased their consumption of opioid analgesics by
more than 100% during the last decade (INCB 2012). The
increase is particularly evident in Europe and North America.
Other narcotics such as tilidine, diphenoxylate and fentanyl
have all increased substantially over the last few years while
conversely dextropropoxyphene and pethidine have declined in
use (Soumerai et al. 1987).
The estimated annual prevalence of opioids in 2010 was
0.6–0.8% of the population aged 15–64 years (between 26
million and 36 million opioid users worldwide), nearly half of
whom used opioids, particularly heroin (UNODC 2012). In
many countries, the majority of heavy drug users seeking treatment are primarily addicted to heroin; however, it is of increasing concern that legitimate opioids, such as oxycodone and
methadone, are being diverted for illegal use.
According to the 2010 (USA) National Survey on Drug Use
and Health there were 140 000 people aged 12 or older who had
used heroin for the first time within the past 12 months (Substance Abuse and Mental Health Services 2011). This estimate
was similar to the estimate in 2009 (180 000) and to estimates
during 2002–2008 (ranging from 91 000 to 118 000 per year).
Of concern was that the average age at first use among recent
initiates aged 12–49 was 21.3 years, significantly lower than the
2009 estimate (25.5 years).
Scientific reports published by the United Nations Drug
Control Program (UNODC 2012) have showed that the world’s
consumption of heroin has stabilised following increases in the
1980s and 1990s. Consumption has however increased significantly in Afghanistan and a number of countries involved in
the transit of heroin.
An indicator of the stabilisation of heroin consumption in
Europe and other traditional markets such as Australia is the
number of heroin-related drug deaths as those deaths are predominantly linked to heroin use. Deaths due to heroin rose
strongly in the 1980s and the 1990s, and then declined slightly
in the 2000s. Improvements in measures aimed at reducing the
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negative outcomes have also resulted in fewer deaths due to
heroin. However, world events including the political changes
in Afghanistan, the world’s largest producer of heroin, led to
significant decline in the supply and subsequent demand for
the drug.
The use of heroin continues to cause widespread health and
social problems in many countries especially in Europe and
Asia where heroin injectors who regularly consume large
amounts of different drugs face a risk of death, which may be
20–30 times higher than non-drug users in the same age range.
However, more recently reports from European countries such
as Estonia and Finland suggest that fentanyl and buprenorphine may have displaced heroin use while reports from Russia
suggest that opioids such as desomorphine (dihydrodesoxymorphine) have been in high demand (UNODC 2012).

51.4.1 Use of narcotic drugs
This primary use of legal opioids is for the relief of pain. The
will depend on the severity of pain as different opioids can be
used to diminish or relieve pain. Opioids such as fentanyl,
hydromorphone, methadone, morphine, oxycodone, tramadol
and pethidine can be used to relieve severe pain, while mild-tomoderate pain can be treated with codeine, dihydrocodeine and
dextropropoxyphene.
Some opioids such as fentanyl and the fentanyl analogues
alfentanil, remifentanil, and so on, can be used to induce or
supplement anaesthesia. Opioids such as codeine, dihydrocodeine and, to a lesser extent, pholcodine can also be used as
cough suppressants (antitussives). Synthetic opioids such as
methadone, buprenorphine, naltrexone and naloxone can be
used for the treatment of addiction to opioids. Combinations
of pharmaceuticals, which include opioid and non-opioid
drugs, can be used to enhance analgesia (e.g. analgesicantipyretic preparations and use with some phenothiazines).
There are substantial region-to-region differences in the availability and usage of opioids. For example, the USA accounts for
more than 99% of the global consumption of hydrocodone.

51.4.2 Sources of opioids
Morphine and codeine are naturally occurring alkaloids that
are extracted from the milky juice and stalks of the opium
poppy, Papaver somniferum. The content of morphine in these
plants can vary from as little as 5% to as high as 25%. Codeine
is usually found in much smaller amounts (c. 0.2%) and
the content of other naturally occurring opioids, such as thebaine (c. 0.1–0.3%), narcotine (c. 0.3%), narceine (c. 4–10%)
and papaverine (c. 1%), can also vary depending upon the
quality and origin of the plant (UNODC 2012). Many semisynthetic opioid derivatives are made by relatively simple modifications of the morphine or thebaine molecule, for example,
heroin (diacetylmorphine) is a semisynthetic opioid produced
from the acetylation of morphine. Other semisynthetic drugs
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produced from morphine or thebaine molecules include hydromorphone, oxycodone and naloxone (Fig. 51.38).

Morphine

51.4.3 Opioid pharmacology
Opioids bind to opioid receptors throughout the central and
peripheral nervous system to exert their diverse effects. Analgesia or the reduction in pain is the primary reason for prescribing opioids; they provide relief as the sensation of pain is
reduced and the stress becomes less intense. In therapeutic
doses opioids relieve pain without causing general CNS depression as compared with general anaesthetics. In larger doses,
opioids are more general depressants and all are subject to
misuse and addiction. Opioids also exhibit a range of unwanted
side effects, which include nausea, vomiting and drowsiness.
People prescribed opioids may experience euphoria and as
doses increase side effects become more pronounced along with
sedation, muscle rigidity and respiratory depression. As opioid
doses increase respiratory rates fall and progressively become
shallower and irregular. This is due to the reduced sensitivity
of the brain’s medullary centres to CO2. The respiratory depression and CO2 retention have important consequences; in high
doses breathing may fall to 3 or 4 breaths per minute instead
of 12–16. Reduction in breathing can lead to hypoxia, coma and
death. Heart rate can also be slowed by large doses of opioids.
Opioids also depress the cough reflex by exerting a direct
effect on the medulla. There seems to be no relationship
between the analgesic, respiratory depressant action of opioids,
and cough suppression; however, some opioids are more effective in depressing the cough reflex than others. Codeine and, to
a greater extent, pholcodine are more effective than morphine
in depressing the cough reflex.
Another important effect of opioids is the varying effects on
the gastrointestinal tract. Morphine causes a marked increase
in tone and reduced motility, resulting in constipation. Constipation is a frequent side effect of repeated doses and diarrhoea
can effectively be treated with opioids. The smooth muscle of
the biliary tract including the sphincter of Oddi is stimulated
following administration of opioids. Other pharmacological
effects of opioids include a decrease in pupillary size, often
demonstrated in those using opioids.

51.4.4 Tolerance and dependence
Tolerance is a condition whereby after repeated administration,
a given dose of a drug produces a decreased effect and increasingly larger doses must be taken to obtain the pharmacological
effects observed with the original dose. Tolerance to opioids
develops much more quickly and to a much greater degree than
tolerance to other drugs subject to abuse.
Heroin addicts who have access to repeated and progressively larger doses are soon able to tolerate many multiples of
the usual lethal doses. Tolerance is thus defined as a state where
larger doses are required to elicit the same effect or when a fixed
dose exerts a decreasing effect.

Codeine

Thebaine

6-Acetylmorphine

Diacetylmorphine (heroin)

Hydrocodone

Oxycodone

Buprenorphine
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2
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Figure 51.38 Chemical structures of some common opioids.
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The rate at which tolerance develops depends upon several
factors, including especially the interval between doses and the
amount of drug provided. The development of tolerance in
heroin addicts is limited by the difficulty and expense involved
in obtaining the drug and many are able to continue more or
less indefinitely on a fixed dose, continuing to experience the
rush at the time of injection but showing little depression later.
In the therapeutic situation, if constant and severe pain forces
the administration of potent narcotics at 4–6-hour intervals,
the analgesic effect may decrease within a few days. If the interval between therapeutic doses can be lengthened well beyond
the duration of action of the drug, i.e. given two times per day,
tolerance may not be apparent after several weeks. In humans,
for example, an initial dose of 100–200 mg of morphine would
be sufficient to cause profound sedation, respiratory depression, anoxia and death; however, tolerant subjects can handle
this and much more. Tolerance diminishes rapidly (few days)
after withdrawal so that a previously tolerated dose may prove
fatal if a period of abstinence of some days (or longer) occurs.
Tolerance to other opioids can also occur depending on the
potency of the drug.
Parallel to the development of tolerance and independent
of any psychoactive dependence, people addicted to opioids
develop a need for the continued administration of opioids to
prevent what is commonly known as withdrawal syndrome.
Abrupt discontinuation of opioids in people physically dependent on opioids precipitates a withdrawal syndrome, the severity
of which depends on the individual, the drug used, the size and
frequency of the dose, and the duration of drug use. Opioid
analgesics with some antagonist activity, such as buprenorphine, butorphanol or pentazocine, may also precipitate withdrawal symptoms in patients who are dependent on opioid
narcotics.

The onset and duration of withdrawal symptoms also vary
according to the duration of action of the specific drug. Withdrawal symptoms may be terminated by a suitable dose of
morphine or another opioid. Methadone and buprenorphine
are currently the most widely used pharmacotherapeutic agents
for maintenance treatment of heroin addicts (Christrup 1997).
Methadone and buprenorphine are effective in the suppression
of withdrawal symptoms and in the reduction or elimina
tion of an addict’s compulsion to take heroin. The major
objective of an opioid maintenance programme is to achieve
long-lasting stabilisation of the user’s drug dependence by providing the drug indefinitely in doses large enough to produce
a level of cross-tolerance that is sufficient to diminish the effects
of ordinary doses of heroin.

51.4.5 Absorption, metabolism
and excretion
The extent of absorption depends on the type of opioid and the
route of administration. All opioids are well absorbed when
given intravenously; however, the bioavailability of opioids
when given orally varies between different compounds. For
example, morphine has a greatly delayed onset of action
following oral administration and must be several times the
intravenous dose. This is due to incomplete absorption and
metabolism of the drug as it passes through the liver and leads
to a significant reduction of available drug (first pass metabolism) at approximately 25–35% of the same dose if given intravenously. Other opioids have higher bioavailability when given
orally (Table 51.9).
Some opioids are also available as sustained release preparations (i.e. slow or controlled release such as some oxycodone

Table 51.9 Elimination half-life, volume of distribution, typical dose, duration of action and action at drug receptor for selected opioids.
Opioid

T1/2 (h)

Vd (L/kg)

Dose (mg)

Duration of action (h)

Receptor action

Naturally occurring
Morphine

2–3

3.2

5–20

4–5

Agonist

Codeine

2–4

2.6–5

30–60

2–4

Agonist

0.03–0.05

–

5–10

–

Agonist

2–4

1.5–4

Agonist

4–5

Agonist

Semisynthetic
Heroin
Hydromorphone
Oxycodone

1.5–4

3

3–6

1.8–3.7

10

Buprenorphine

2–4

1.4–6.2

0.05–0.2

0.3–0.6

Partial agonist

Fentanyl

3–12

3–8

0.05–0.2

0.5–1

Agonist

15–55

4–7

5–100

Synthetic

Methadone

T1/2, half-life; Vd, volume of distribution.

6–8

Agonist
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and morphine preparations). This means that a patient suffering from chronic pain may only have to take a tablet once or
twice per day, which results in stable blood concentrations as a
consequence of the drug’s more predictable pharmacokinetics.
Methadone and oxycodone rectal suppositories are useful alternatives to oral sustained release morphine preparations.
Opioids undergo extensive metabolism in humans. There
are three main biotransformation pathways that have been
established for the metabolism of opioids: hydrolysis, glucuronidation and oxidation. For example, following intravenous
injection, heroin is rapidly converted (within seconds) to
6-acetylmorphine (6-AM), which is subsequently hydrolysed
(within minutes) to morphine. The conversion of heroin to
6-AM occurs both as a result of enzymes and spontaneous
hydrolysis. The majority of opioid metabolism in humans
occurs in the liver through a process called glucuronidation;
this occurs mainly in the liver and to a lesser extent in the
intestine and kidneys (Regnard and Twycross 1984). Morphine
is conjugated primarily to morphine-3-glucuronide (M3G)
and to a lesser extent the biologically active morphine-6glucuronide (M6G). There are also opioids considered to be
prodrugs; these are drugs that are administered in a biologically
inactive form and are biotransformed into an active metabolite.
Hydrocodone and tramadol are prodrugs that are converted
to active forms by CYP450 isoenzymes (Overholser and
Foster 2011).
Most opioids are excreted in the urine usually within the first
24 hours following administration. The concentrations of conjugated metabolites usually exceed those of the parent drug and
can be present for longer periods of time (Christrup 1997). As
with most pharmacokinetic parameters, there is great individual variation in the elimination half-life. This value is greatly
prolonged in renal failure resulting in drug accumulation. Some
opioids with long half-lives such as methadone can accumulate
in tissues. Such accumulation can be toxic or even fatal if doses
are not appropriately administered and the drug not given
enough time to be cleared by the body. This can lead to prolonged respiratory depression and pronounced enterohepatic
recirculation (excretion into the gastrointestinal system through
bile followed by reabsorption) (Hanks et al. 1988).

51.4.6 Toxic effects of opioids
Opioids exhibit a remarkable absence of direct toxic effects.
Much of the toxicity to opioids is typically combined with the
use of other drugs including alcohol and/or benzodiazepines.
Other factors which contribute to the overall poor health of
opioid addicted people include crime, unsterile drug administration leading to disease such as the suppression of immune
systems, family disruption, undernourishment, vomiting, diarrhoea leading to marked weight loss, unsafe sex practices, dehydration, ketosis and disturbance in acid–base balance.
The manifestation of infectious diseases in intravenous drug
users plays a critical role in life-threatening complications for

addicts. Needle sharing, unsafe sexual practices, poor hygiene,
devastation of skin barrier and the injection of unfamiliar substances into the body all increase the risk of human immunodeficiency virus (HIV) transmission, viral hepatitis, pneumonia
and tuberculosis. Infectious complications as a result of all
these factors include endocarditis and septicaemia, viral hepatitis, liver cirrhosis, meningitis and tetanus (Hanks et al. 1988).
Many opioid dependent women who are pregnant also carry
additional risks that may include abortion, low birth weight
infants with intrauterine growth retardation and high rates of
preterm birth. Infants of addicted women are often preterm,
and suffer from significant jaundice and neonatal opioid withdrawal. Signs of withdrawal in infants include irritability,
rhythmic tremors, shrill and high pitch crying, and poor
feeding.
Much more important is the growing number of people
addicted to prescription opioids. The worldwide epidemic of
oxycodone-related deaths accounts for a growing number of
fatalities every year (Okie 2010). From 1999 to 2007, the number
of US poisoning deaths involving any opioid analgesic (e.g.
oxycodone, methadone or hydrocodone) more than tripled,
from 4041 to 14 459, or 36% of the 40 059 total poisoning
deaths in 2007 (Warner and Makuc 2009).
Toxic effects of opioids can be exacerbated with combined
use of other drugs. Drugs such as alcohol and benzodiazepines
enhance the depressant effects of opioids on the CNS (Moffat
2004). Opioid users frequently take benzodiazepines (e.g.
diazepam, nitrazepam, etc.) to reduce anxiety and to minimise
the unpleasantness of any withdrawal symptoms. Drug combinations are therefore potentially serious complications in
opioid users, particularly for heroin users. Data from a review
of deaths in Victoria, Australia (Gerostamoulos et al. 2001)
show that benzodiazepines were the most prevalent drug
group (c. 55%) and alcohol was present in c. 30% of all heroinrelated deaths. Drugs such as the sedating antihistamines can
prolong morphine metabolism, leading to increased respiratory
depression.
One of the problems confounding the forensic toxicologist
and pathologist is the relevance and interpretation of drug
concentrations in different specimens following the use of
opioids.
The mechanism of death in opioid users is often uncertain,
and is often due to many factors. For example, the use of heroin
results in a wide range of adverse effects due to a variety of
pharmacological and physiological responses to heroin, hypersensitivity reactions to the cutting agents or contaminants, and
diseases associated with intravenous use. The largest numbers
of deaths have been attributed to an acute reaction, whereby
death occurs shortly after injection (Spitz et al. 2006). Three
overdose syndromes are recognised: death from profound respiratory depression, death from arrhythmia and cardiac arrest,
and death as a consequence of severe pulmonary oedema
(Robbins et al. 2010).
Death may also occur indirectly as a complication of unconsciousness. This is caused by a non-fatal dose, leading to airways
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51.4.7 Postmortem toxicology:
Interpretation of opioid
concentrations
Understanding postmortem toxicology results is difficult and
requires knowledge of postmortem processes that can affect
interpretation (see also Chapter 49). Consideration must be
given to the regularity of opioid use (i.e. acute vs chronic).
Concentrations of drug may be typically higher in those who
are regular users, and hence may not be toxic compared to naïve
users. The route of administration is also important as oral
ingestion of opioids means that the liver removes some of the
efficacy of the dose before the drug enters the blood stream
(first pass metabolism). Other factors include the presence of
natural disease, which can impact metabolism, and excretion
of opioids and metabolites as well as contribute to compromised respiratory function caused by the opioid. The accumulation of opioids may result in adverse effects and even death.
Concurrent natural disease may predispose individuals to cardiovascular collapse and even unpredictable responses such as
convulsions (Goodman et al. 2001).
Drugs that interfere with the pharmacokinetics of opioids
generally do so by altering their elimination and hence the presence of other drugs, the possibility of antagonism for one drug
by another, and more often the additive or synergistic effects
produced by the interaction of two or more depressant drugs
must all be considered (Cone et al. 2004). The consideration of
drug interactions involving opioid prodrugs is important
because they can be clinically manifested in the opposite
manner from an active parent drug. For example, the decreased
metabolism of a prodrug would result in a decreased analgesic
effect and potential treatment failure, whereas the decreased
metabolism of an active parent drug would enhance an analgesic effect and potentially lead to opioid toxicity (Overholser and
Foster 2011).
Tissue distribution and redistribution of opioids and its
metabolites are also important in assessing postmortem contributions of opioids to adverse effects and death, as blood concentrations increase after death for the more lipid soluble
opioids, even when blood is taken from a peripheral source.
As tolerance develops with opioids, there are enormous differences in the doses administered between those receiving acute
postoperative pain relief and those in palliative care. Studies
reporting the findings in living and deceased heroin addicts
illustrate the extent of overlap between concentrations measured in opioid related and opioid caused deaths (Kennedy
2010).

Essential
Mn+
Biological response

obstruction in a setting of diminished respiratory function.
Respiratory disease can also reduce the ability of person to
tolerate a dose of opioid. Fentanyl, methadone, oxycodone,
hydrocodone and morphine are the most common legal opioids
known to cause death if misused.

+

Marginal
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Figure 51.39 Dependence of the biological response (i.e. effect)
on the concentration of an essential trace element (solid line)
and of a non-essential element (broken line). Reproduced with
permission from Seiler et al. (1994), © Springer; for the original
figure, see Drasch (2003, p. 199).

51.5 Toxic elements
Gustav Drasch
Chemical elements and their ions can interact with a living
organism in different ways: as electrolytes (like sodium or
calcium), essential trace elements (like cobalt or nickel) or in a
toxic way. In principle, all elements are toxic: it is only a question of the dose. Nevertheless, the term ‘toxic elements’, often
used synonymously with ‘toxic heavy metals’, is frequently used.
Which elements are described in these terms depends mainly
on the individual toxicity of an element and how often toxic
concentrations of this element occur in the environment (in
addition, in forensic toxicology, how often the element is used
for suicide or homicide). To complicate the situation, some
essential trace elements like selenium may also be toxic in
higher concentrations.
Figure 51.39 shows these correlations schematically. Typically, lead (Pb), cadmium (Cd) and mercury (Hg) are indicated
as toxic heavy metals. Arsenic (As) is often included, even
though it is a transition element. The concentrations of essential trace elements are regulated in the body within narrow
limits by homoeostasis. In contrast, non-essential elements are
not subject to such regulation. Therefore, their concentrations
in tissues and body fluids differ much more intraindividually
and are often caused by the body mistaking toxic with essential
elements (e.g. Pb2+ with Ca2+, Tl+ with K+ or AsO43– with PO43–).
With recent progress in trace analysis (‘speciation’), the special
importance of the binding form of an element (‘species’) for its
toxicity has been recently recognised.
In the last few decades, the toxicological importance of elements has changed from classic acute and occupational intoxications to chronic exposure. Nevertheless, serious acute
intoxications, such as accidental, iatrogenic, suicidal or homicidal, still occur worldwide. Moreover, the question of third
party foul play rises much more often in the case of a severe
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intoxication with a toxic heavy metal than in the case of intoxication with pharmaceutical or addictive drugs. Therefore, it is
still indispensable for the forensic toxicologist to be able to
recognise such intoxications.
A special problem in forensic toxicology is the interpretation
of human tissue concentrations of toxic heavy metals. Recently,
numerous data on background concentrations of elements have
been published by environmental medicine specialists, but
almost exclusively in so-called biomonitors like blood, serum,
urine or hair (i.e. analytes which can easily be obtained from a
living individual). In contrast, reference values for human
tissues are rare to find in recent publications. The use of tissue
concentrations from older publications is critical for the following reasons. Firstly, for many toxic metals the background
pollution has changed in the last decades. In contrast to received
opinion, most of them have not increased but decreased. A
further large problem is the accuracy of older reference values.
For a valid comparison it should be aimed to take only reference
values measured under strict quality control with matrixmatched reference samples. Moreover, in older publications
tissue concentrations are often referred to as dry-weight or ashweight, while more recently wet-weight concentrations have
been preferred. A conversion is critical due to individual variations like different water contents.
Several threshold values have been proposed for toxic
element concentrations in water, soil, air and foodstuff, but also
in human biomonitors. The strict consideration of the definition of such a limit and the application of its last revised version
is crucial for the correct interpretation of contaminant concentrations. In Germany, for toxic element concentrations in biomonitors different approaches exist: reference values, human
biomonitoring (HBM) values and biological threshold values
(the Biologische Grenzwerte or BGW in German). German
‘reference values’ were derived from the upper 95% confidence
interval of the 95% percentile of large cohort studies with some
1000 volunteers. These reference values are not toxicologically
defined, but give the upper limits of the actual background
pollution.
In contrast, HBM values are toxicologically defined. The
HBM-I value is defined as a ‘check value’, while HBM-II is an
‘intervention value’. This means that with an excess of HBM-I
no adverse effect is to be expected, but the source of the
increased burden should be detected and, as far as possible,
eliminated. At values above HBM-II adverse health effects
cannot be excluded. A medical investigation for such effects
and, if necessary, a medical treatment should be performed
(HBM Commission 2007a, 2007b; Schulz et al. 2011). Similarly
defined, but internationally more common are the terms no
observed adverse effect level (NOAEL) and lowest observed
adverse effect level (LOAEL). Whereas the LOAEL can be calculated statistically from epidemiological studies on burdened
populations, the NOAEL must be extrapolated from the LOAEL
with a safety factor. From these limits, valid for the total population, limits for an occupational pollution (BGW limits) must
be strictly separated. BGW limits are only valid for healthy,

adult workers under occupational medical supervision. Beside
the well-known Biologischer Arbeitsstoff-Toleranzwert (BAT)
values, for carcinogenic agents so-called Biologischer Leitwert
(BLW) values are given; furthermore, a Biologischer Arbeits
stoff Referenzwert (BAR) value, which is not toxicologically
defined (DFG 2012).
Other countries have and use other limits and other definitions, for example, the Reference Dose (RfD) given by the
Environmental Protection Agency of the USA represents toxicologically defined limits.
The interpretation of metal concentrations, determined in
autolytically changed tissues raises special problems in forensic
toxicology. Postmortem element concentrations in tissues do
not decrease by putrefaction similar to organic compounds like
drugs. But for some relevant toxic metals, the living organism
sustains an extreme gradient between different compartments.
For example, the cadmium concentration in the kidney cortex
of a merely background polluted person can exceed 100 mg/kg,
while the cadmium blood concentration of the same person
will just reach 1 μg/L. This is a gradient of five orders of magnitude, which causes a postmortem redistribution and therefore an increase of cadmium in postmortem blood up to values
which can be misinterpreted as an acute intoxication (Götz
et al.1993). Similar problems arise with histologically fixed
material. Moreover, some fixation fluids still contain mercuric
salts for conservation, what may result in totally unrealistic high
mercury concentrations in tissues, embedded in such fluids.
Caused by spectacular cases in the past, a recurring question is
the exclusion of arsenic intoxication in an exhumed corpse or
even urn ash. For this some details are given in Drasch (2003).
Due to their specific relevance in forensic toxicology, the
following is limited mainly to acute intoxications with lead,
cadmium, mercury, thallium (Tl) and arsenic.

51.5.1 Lead
Exposure
In most industrial countries, background pollution with lead
has been decreasing for decades due to the phasing out of lead
in many products like wall paint or water pipes (both prohibited in Germany for decades, but still a problem in old houses
in other countries like the USA), tin-lead solders or car petrol.
Regionally, there are some hot spots of lead in drinking water,
especially from domestic wells with strong acidic water. Normally, approximately 80% of total lead intake originates from
food, especially vegetables. Most lead in (or better: on) vegetables is superficial and can be removed almost completely by
peeling or washing. For toddlers, the oral intake of lead contaminated soil via hand-to-mouth activities may contribute
more to their total lead contamination than food. A special
problem in forensic toxicology was the recent occurrence of
severe lead adulterated marijuana in Germany (Busse et al.
2008). Further unexpected – and therefore often misdiagnosed
– lead intoxications have been reported with traditional Chinese
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medicine (TCM) or Ayurveda drugs, lead glazed and too-low
fired ceramics, especially from markets in the developing world,
and lead shots or bullets which were not removed from the
body (Seiler et al. 1994; Drasch 2003; Meißner et al. 2011).

Toxicokinetics
Approximately 10% of soluble lead compounds are absorbed
in the adult gastrointestinal tract, but up to 50% in the infant.
In the lungs, lead containing particles <1 μm diameter are
deposited in the alveolar cavities and lead from these particles
is absorbed completely in the blood stream. Highly lipophilic
organo-lead compounds, such as lead-tetraethyl, will be excellently absorbed in the gastrointestinal tract, the lungs and also
via the skin. From the blood stream, lead is distributed to the
different body tissues. Three main compartments can be differentiated: blood with a half-life of c. 20 days and soft tissues
with a half-life of c. 40 days. In contrast, the half-life of lead in
bones is in the range of 5–20 years; quicker in trabecular bones
like the pelvic bone or the sternum, slower in cortical bones like
the femur or the cranial bone. This results in deposition of lead
in bones over the whole lifetime. In an adult, approximately
90% of the total body burden of lead is stored in the skeleton.
Most of the absorbed lead is renally excreted.

Toxicity
As a typical heavy metal, lead interacts with sulphhydryl groups
of many enzymes by blocking them. Moreover, lead affects
calcium-dependent physiological functions. In bone, lead is
incorporated in the form of hardly soluble lead phosphate
(which does not harm the bone).

Acute intoxication
Even for well soluble inorganic lead compounds like lead
acetate, lethal doses for an adult are relatively high, approximately 20–50 g. Typical symptoms of an acute intoxication with
inorganic lead compounds are heavy stomach colics (lead colic)
with nausea and vomiting, constipation and diarrhoea. More
characteristic is a sweet metallic taste in the mouth. Damage to
liver and kidneys and hypertension may occur. Adverse effects
on the CNS follow; at the end, lead encephalopathy develops.
In the case of lead intoxicated children, often the CNS symptoms dominate. The target tissue for intoxication with organolead compounds is also the brain with hallucinations and
hyperreflexia. Should the victim survive the acute phase, in
many cases a chronic intoxication develops.

Chronic intoxication
Formerly, with chronic lead intoxications, the focus was set on
disturbances in haematopoiesis and of the peripheral nervous
system. Typical of this is a unilaterally flaccid drop of the hand.
Today, most attention worldwide is drawn to the lead burden
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of children. Several large epidemiological studies show concurrently negative effects of just moderate increased lead burden
on the IQ and the classroom behaviour of children. Many theories are being discussed for this higher susceptibility of the
infant brain.

Reference concentrations
In a living person, the whole blood concentration reflects best
the internal burden. More than 90% of the lead in blood is
bound to the erythrocytes. Therefore, a determination of lead
in serum or plasma will be of little value. After several decreases
in the past (HBM Commission 2002), in 2009 the HBM Commission of the German Umweltbundesamt (UBA, Federal Environmental Agency) totally suspended the HBM values for lead
for two reasons. Firstly, because of recent studies the Commission was not any longer able to give an effect threshold; and
secondly, a classification of lead as a potential carcinogenic
(category IIa) by the International Agency for Research on
Cancer (IARC) in 2006 forbids the setting of any limit below
which no negative effects may occur. Similarly, the BAT value
for lead was suspended. For children (aged 3–4 years) in
Germany, a reference value of 35 μg Pb/L of whole blood was
set, for females 70 μg/L and for males 90 μg/L (HBM Commission 2009a, 2009c). Adverse effects on the haematopoietic
system may occur at lead blood levels exceeding 200 μg/L; above
800 μg/L, negative effects on the kidney function and peripheral
neuropathy, but also acute and chronic encephalopathy, may
occur. In soft organ tissues like liver or kidney, the lead background burden is in the range of 5–200 μg/kg (wet-weight)
(Drasch et al. 1997).
In the case of an acute, lethal lead intoxication especially in
the liver, lead concentrations in the range of 1 to 50 mg/kg can
be expected (Drasch 2003; Baselt 2011). In a study from 1993/94
on 150 adults, the 90% percentile of ‘normal’ concentrations of
lead in the spongy pelvic bone was 2.6 mg/kg and in the hard
petrosal bone 10.5 mg/kg (wet-weight) (Drasch et al. 1997).
Meanwhile, the lead burden of men has decreased. Therefore,
it can be expected that recent background concentrations are
lower.
Lead in the deciduous teeth of children is an interesting
long-term indicator for childhood lead burden. In the year
2000, ‘normal’ values did not exceed 7 mg/kg (Drasch 2003). As
in bone, today lower Pb concentrations can be expected in
teeth. Lead concentration in hair must be interpreted with great
caution, especially because in the case of an external burden
with lead containing dust most lead ‘in’ the hair may originate
from external contamination. Washing procedures to remove
the external lead contamination were not successful (Kijewski
1993). In most cases, the lead concentration in urine is approximately 20% of the whole blood concentration and its interpretative power is limited. An exception is an acute intoxication
with lead tetraethyl. In this special case, the lead concentration
in urine exceeds the concentration in blood by far (Drasch
1993; Meißner et al. 2011).
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51.5.2 Cadmium

Acute intoxication

Exposure

Almost all acute intoxications which cadmium are caused by
occupational inhalation of cadmium containing aerosols and
dusts, for example, from smelting or welding, resulting in a
‘cadmium-fever’ with irritations of the nose and pharynx,
cough, tasting metal in the mouth, dyspnoea, headache and
fever. A delayed pulmonary oedema may develop and cause
death. As little as 4 mg of inhaled cadmium may be lethal. Survival of an acute inhalative cadmium intoxication often results
in severe and persistent damage of the lungs. Oral intake of
cadmium causes strong vomiting, diarrhoea and stomach
colics. The acute lethal oral dose of a soluble cadmium salt is
estimated to be c. 100 mg. Some cases were reported in which
cadmium was leached out in acute toxic doses of yellow (CdS)
or red (CdSe) low fired glazes of ceramics by acidic beverages
like fruit juices.

Most cadmium in the environment is anthropogenically gen
erated. Main sources of emission are zinc, iron and lead smelters, coal combustion and waste incineration. The restriction
of cadmium application since the 1990s has markedly reduced
cadmium emissions into the air. Beside these air-borne sources,
cadmium input into the soil (and by this pathway into food)
originates from cadmium burdened phosphate fertilisers and
sewage sludge. Normally, vegetable foods are low in cadmium
(5–10 μg/kg wet-weight). Some plants, especially foliage plants
like spinach or lettuce, but also wheat, potatoes and some
mushrooms, absorb cadmium efficiently from acid soils. In
contrast to lead, washing and cleaning of vegetables do not
lower the cadmium burden markedly, as cadmium is bound
within the plant. Farmed animals fed with cadmium rich plants
accumulate cadmium especially in the kidney and liver (100–
500 μg/kg). The cadmium burden of milk, eggs and muscle is
lower (10–50 μg/kg). A further major source for cadmium is
smoking. Tobacco is not higher burdened with cadmium than
other foliage plants, but the absorption of cadmium in the
lungs is much higher than in the gastrointestinal tract (Seiler
et al. 1994; Drasch 2003; Arndt 2012a).

Toxicokinetics
Normally, in the gastrointestinal tract only 5–10% of the
administered cadmium is absorbed. In case of an iron, calcium
or protein deficiency, the absorption rate may be increased to
15%. In the lungs, the absorption rate depends on the particle
diameter. Cadmium from tobacco smoke is well absorbed. In
blood, absorbed cadmium is bound mainly to albumin and
transported to the liver, where it induces the production of
metallothioneine (MT), a low molecular protein, which chelates
and therefore detoxicates the cadmium. The cadmium–MT
complex is transported to the kidneys, reconverted to another
cadmium–MT complex and stored in this form in the proximal
tubuli. Cadmium kinetics can be described adequately by a
two-compartment model: one with a half-life of 50–100 days,
and a second one with a half-life of 10–30 years, which comprises mainly the kidneys. These toxicokinetics result in a continuous increase of cadmium in the kidney up to an age of c.
50 years. Approximately half of the total cadmium burden of
an adult is stored in the kidney. In liver and muscle, the cadmium
concentrations increase with age too, but much slower than in
the kidneys. The renal excretion of cadmium is low. Almost no
cadmium is excreted biliary (Seiler et al. 1994).

Toxicity
Because of its toxicokinetics, cadmium is a typical storage
poison. Therefore, acute and chronic toxicity must be strictly
distinguished.

Chronic intoxication
The main problem of chronic toxicity of cadmium is that the
kidneys are not only its storage tissue but also the critical organs
of life: that is, the organs which are first affected in increased
external burden. Caused by the slow but steady accumulation,
the negative renal effects occur in a strongly time delayed
fashion, beginning with slight tubular changes and ending with
cell necroses and apoptosis. Powerful diagnostic tools include
the early increase of ß2-microglobulin and retinol-binding
globulin. An excess of the individual critical level of cadmium
in the kidneys results in a massive increase of urinary cadmium
excretion. If the cadmium concentration exceeds 50 μg/g in the
kidney cortex, 10% of the population show negative renal
effects. In the 1990s, a low percentage of the normal population
in Germany, especially senior smokers, exceeded this limit
(Drasch et al. 1997). Compared to its nephrotoxicity, the negative effects of cadmium on the cardiovascular system and the
bones seem to be of lower relevance. Cadmium is also classified
as a carcinogen (category I).

Reference concentrations
Cadmium in whole blood represents predominantly the actual
cadmium exposure during the last weeks of life, and is therefore
best suited for the interpretation of an acute cadmium burden.
On average, cadmium levels in the blood of smokers are 4–5
times higher than in non-smokers. In Germany, reference
values (see above for definition) are set by the German HBM
Commission exclusively for non-active smokers: 0.3 μg/L for
children, and 1.0 μg/L for adults (HBM Commission 2011a). In
the German Environmental Survey of 1998 (Wilhelm et al.
2004), the 50% and 95% percentiles of cadmium levels in the
blood of smokers were 1.2 μg/L and 3.3 μg/L, respectively. As
shown by Götz et al. (1993), postmortem cadmium concentration in blood increases extremely (up to a factor of 100) by
diffusion of cadmium from the tissues to the blood. This has
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to be taken into consideration when interpreting cadmium
concentrations of postmortem blood samples.
Cadmium levels in urine are statistically correlated to the
general cadmium body burden and therefore it can be taken
as an indicator for the long-term burden in the case of
chronic intoxication. The reference values are set to 0.2 μg/L
for children and 0.8 μg/L for non-active adults who smoke. In
adult smokers, 50 and 95% percentiles of 0.3 and 1.2 μg Cd/L
of urine were reported in the German Environmental Survey
1998. The HBM-I has been lowered to 0.5 μg Cd/L of urine for
children and 1.0 μg/L for adults. The according HBM-II values
are 2 μg/L for children and 4 μg/L for adults. The BAT values,
and in 2010 even the BLW, for cadmium in urine were recalled
(HBM Commission 2011a). Postmortem urine concentrations
should be interpreted very critically. It should always be kept in
mind that the renal cadmium concentrations may be higher by
a factor of 105 than the urine concentrations in the adjacent
bladder.
In 1993, the following cadmium concentrations (μg/g wetweight) were found in 150 German tissue samples (median and
90% percentiles): kidney cortex 15.8 and 42.2; liver 0.90 and
2.27; muscle 0.025 and 0.090; hair 0.037 and 0.19. In the renal
cortex of elder individuals non-occupational burdened smokers’
peak values of 200 μg/g were determined (Drasch et al. 1997).
In one case of lethal cadmium intoxication, cadmium concentrations of 15 μg/g of liver and approximately 6 mg/g of kidney
cortex were reported (Arndt 2012a).
The cadmium concentrations in hair do not reflect the
cadmium concentrations in the liver or kidneys, or the total
interior cadmium burden of human individuals (Drasch et al.
1997).

51.5.3 Mercury
Exposure
One of the main anthropogenic sources of mercury release is
coal burning. Large quantities of mercury have been used in
chlor-alkali plants, the electrical industry and medical devices
like thermometres. Dental amalgam has been identified as a
significant source of mercury release, including as origins
dental surgeries and cremation. Worldwide, the use of mercury
in small scale gold mining has strongly increased within the last
decades. Recently, the Commission of the European Community has banned mercury for several applications. The European Union (EU) was the major exporter for mercury
worldwide, but has prohibited its mercury export completely.
A global Mercury Treaty, the ‘Minamata Convention’, was actuated by the EU, and was signed in October 2013 (UNEP 2013).
Despite these efforts and the success in the reduction of any
new pollution by mercury to the environment, there is still a
large and mobile mercury pool within the environment with a
complex global cycle of different mercury species (i.e. binding
forms) in air, water and soil. A new application using mercury

951

is compact fluorescent lamps (CFL), which will be banned in
2020 in the EU.
The mercury burden of the population originates mainly
from two sources: food and dental amalgam. Most food from
plants and terrestrial animals has a relatively low mercury
content (<0.02 mg/kg). In contrast, seafood can be burdened
much higher, especially with high toxic methyl-mercury
(MeHg). This organomercury compound accumulates in the
multistage aquatic food chain by factors of up to 105. The most
highly contaminated are large predators like tuna or shark, with
mercury concentrations of 0.5–1.0 mg/kg in their edible parts.
Dental amalgam contains c. 50% mercury. Amalgam fillings
continuously release mercury vapour. Chewing of hot dishes
increases this release. For people with a moderate fish consumption, dental amalgam represents the main source for
mercury (Seiler et al. 1994; Drasch 2003; Arndt 2012b).

Toxicokinetics
The different lipophility and solubility of diverse mercury
species strongly influences their toxicokinetics (and by this
their toxicity). The absorption rate of highly lipophilic mercury
vapour in the lungs is estimated to be approximately 80%. In
spite of a rapid oxidation of zerovalent mercury in blood, most
of the inhaled mercury vapour reaches the brain and crosses
the blood–brain barrier. Subsequent oxidation in the brain
results in trapping of mercury in the brain. After oral ingestion,
lipophilic MeHg is absorbed for more than 90% in the gastrointestinal tract and can easily cross the blood–brain barrier too.
Moreover, MeHg and mercury vapour can readily be absorbed
via the dermal and mucosal surfaces.
In contrast, the absorption rate of inorganic mercury ions
depends on their solubility. It is estimated that less than 10%
of inorganic mercury from food is absorbed. Inorganic mercury
is predominantly stored in the kidneys. Absorbed mercury is
eliminated via the faecal and renal pathway. For MeHg, a simple
one-compartment model with a half-life of 40–70 days describes
sufficiently the elimination. The elimination of inorganic
mercury is much more complex. Apart from compartments
with a relatively short half-life of only some days or weeks
(which contains most of the mercury), there are deep compartments with a half-life of several years.
A special form of elimination is the transplacental crossing
of mercury to the fetus. This occurs after exposure of the
mother to MeHg as well as to mercury vapour.

Toxicity
Acute intoxication
Typically after a delay of some hours following inhalation
of a toxic dose of mercury vapour, the following symptoms
occur: nausea, strong metallic taste in the mouth, fever, headache, drowsiness, vomiting, colic and diarrhoea, chest pain,
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cough and dyspnoea. An interstitial pneumonia develops. An
intravenous injection of liquid mercury is similarly toxic, and
also comprises a high embolic risk. In contrast, oral ingestions
even of large quantities of liquid mercury have been survived
and in most cases without severe complications.
Acute oral ingestion of inorganic mercury ions causes chemical burns to the mouth, pharynx, oesophagus and stomach,
ranging from inflammation to massive necrotic ulcerations.
The kidneys react first with polyuria, then oliguria and anuria.
After untreated ingestion of a lethal dose (for an adult: 0.2–1 g
HgCl2 or 5–10 g Hg2Cl2 or Hg(NH2)Cl) death generally occurs
within a few weeks due to kidney or heart failure. Exceptionally,
sudden death may be caused by glottis oedema.
A dose of 100 mg of MeHg can be lethal for an adult. But
even after ingestion of high toxic doses, no acute effects occur.
After a long period of latency, strong negative effects on the
central nervous system develop. Normally, death does not occur
within the first or second month after ingestion.

Chronic intoxication
The target tissue for chronic burden with lipophilic mercury
species like MeHg or mercury vapour is the CNS. But chronic
exposure to inorganic mercury salts can result in CNS damage
too. Often the onset is characterised by a fine muscle tremor of
the hands (tremor mercurialis), later followed by an intentional
tremor over the whole body. A loss of smell, taste and hearing
may occur, as well as paraesthesia and neuralgia. Chronic
mercury burden often causes severe emotional changes too.
Even in cases not that severe it takes years after removal of the
external exposure for the symptoms to disappear. The developing brains of the fetus and children are much more susceptible
to a mercury burden than those of adults.
In the case of chronic burden with inorganic mercury salts,
the kidneys are the target tissue. Damage of the proximal tubuli
results in tubular necroses and renal failure. A special type of a
subchronic mercury burden in small children is the so-called
acrodynia (‘pink disease’ or Feer’s disease) (HBM Commission
2009b).
Recently, there is an ongoing debate about whether or not
dental amalgam fillings are harmful. On the one hand, it is
known that dental amalgam releases mercury in the mouth,
especially in the highly toxic vapour form, and many people
have claimed several adverse effects of dental amalgam on their
physical and mental condition. There are many individual
reports of an improvement of these complaints some months
after the removal of the amalgam fillings. On the other hand,
the mercury concentration in biomonitors of people even with
many fillings rarely exceeds the HBM-I limit. An attempt by the
German Commission Methods and Quality Control in Environmental Medicine in 2007 to find a joint commitment resulted
in dissent (Arndt 2012b). At least for the deciduous teeth of
children and teeth of females before and during childbearing
age dental amalgam should be avoided (BGA 1992).

Reference concentrations
Total mercury in whole blood and urine are both valid biomonitors for the internal mercury burden. A MeHg burden
seems predominantly to increase mercury blood concentration,
while mercury from dental amalgam is better reflected by the
concentration of mercury in urine. A speciation (e.g. a determination of MeHg in blood) is highly sophisticated and should
be carried out in special cases only.
The actual reference concentrations of mercury in the blood
of children and adults without dental amalgam and moderate
fish consumption are 0.8 and 2.0 μg/L, respectively (HBM
Commission 2009c). The HBM values for mercury in blood for
children and for adults are 5 μg/L (HBM-I) and 15 μg/L (HBMII), respectively (HBM Commission 2009c). In the case of
severe intoxications, mercury in the blood may exceed 1 mg/L
(Drasch 2003; Baselt 2011; Arndt 2012b).
In urine, the actual mercury reference concentration for
people without dental amalgam is 0.4 μg/L for children and
1.0 μg/L for adults (HBM Commission 2009c). Amalgam fillings may increase these limit concentration four times or even
more in the case of bad fillings. Actual HBM values, for both
children and adults are 7 μg/L or 5 μg/g creatinine (HBM-I) and
25 μg/L or 20 μg/g creatinine (HBM-II), respectively (HBM
Commission 2009c). In the case of acute severe intoxications,
mercury concentrations in the mg/L region can be found in
urine (Drasch 2003; Baselt 2011; Arndt 2012b).
In 1993 the following total mercury concentrations (ng/g
wet-weight) were found in German tissue samples (median and
90% percentile): kidney cortex 56 and 480; liver 32 and 100;
and cerebrum 5 and 12. People with many amalgam fillings
showed mercury peak concentrations up to 2500 ng/g in kidney
cortex (Drasch et al. 1997). In the case of an acute lethal
mercury intoxication, the mercury concentrations in the
kidneys, liver and brain usually markedly exceed 1000 ng/g. In
the case of an intoxication with Hg2+ salts the order of concentrations (kidneys > liver > brain) usually remains constant. In
the case of an intoxication with MeHg, mercury in the brain
may be as high as in the liver or kidneys (Drasch 2003; Baselt
2011; Arndt 2012b).
Total mercury in hair correlates relatively well with total
mercury in the brain. In Germany, median values of c. 250 ng/g
in hair were found. Normally, total mercury in hair is below
1000 ng/g. Toxic effects from MeHg in children were reported
if total mercury in hair exceeded 5000 ng/g (HBM Commission
2009b).

51.5.4 Thallium
Exposure
Thallium is a rare element and of no ecotoxicological relevance.
Previously, higher exposures have been reported in the vicinity
of cement plants and lead, zinc and cadmium smelters.
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Thallium-I-sulphate was the active ingredient of the common
rodenticide Zelio, which has not been available for some
decades. Nevertheless, some old packages may still be found
stored and may therefore cause further acute intoxications, if
ingested orally.

Toxicokinetics
Soluble thallium compounds are quickly and almost completely
absorbed in the gastrointestinal tract. The toxicokinetics of
thallium are triphasic: In the first 4 hours, a quick distribution
from the blood into a central distribution compartment (liver,
muscles, kidneys), followed by a second phase with redistribution to peripheral compartments like the brain (4–24 hours
after application). In a third phase, a further redistribution to
the bones, teeth and skin occurs. Thallium is eliminated renally
with a half-life of some days. Biliary excreted thallium is partially subject to an enterohepatic circulation (Seiler et al. 1994;
Drasch 2003; Klemm and Meißner 2012).

953

declining to 1–10 mg/L at the onset of alopecia (Drasch 2003;
Baselt 2011; Klemm and Meißner 2012).
In blood, similar background concentrations (<1 μg/L) and
peak concentrations after an acute ingestion (>1 mg/L) can be
found. However, thallium levels in blood declines much quicker
than those in urine.
Typical background concentrations of thallium in tissues are
in a range of 1 ng/g in kidneys, and in bones and teeth up to
10 ng/g (Drasch 2003). In the case of a lethal thallium intoxication, tissue concentrations in the range of 10–100 μg/g, after a
longer time of survival 1–10 μg/g will be found (Baselt 2011).
In hair, normal thallium concentrations are in the range of
5–15 ng/g. Acute thallium intoxication may increase the thallium concentration in hair to more than 1 μg/g. The interpretation of thallium concentrations in hair, which was lost due to
the intoxication, can be problematic. The supply of this hair
may already be altered days before. If any storage of thallium
can be expected at all, it is in the roots (Drasch 2003).

Toxicity

51.5.5 Arsenic

Acute intoxication

Exposure

Even after the intake of a lethal dose of thallium-I-sulphate
(0.5–3 g), the first 1 or 2 days are usually free of symptoms. Not
until 3–5 days after intake will the following symptoms develop
slowly, reaching their maximum not before the second or third
week: abdominal and especially retrosternal pain and polyneuropathy, ascending to the extremities. Often a psycho-organic
syndrome (POS) develops. Other massive toxic damage of the
central and peripheral nervous system, the optic nerves, the
cardiac muscle, the lungs, the liver and the kidneys may follow.
Some days following the ingestion, in black papillose scalp hair,
light-tight inclusions may be seen microscopically, known as
Widy’s phenomenon. At 3–4 weeks after ingestion, a characteristic alopecia starts. But note that intoxication with arsenic also
causes alopecia in a similar time interval from ingestion. One
month following ingestion, pale transverse stripes appear
usually on the nails, again similar to arsenic intoxication
(Drasch 2003; Klemm and Meißner 2012).

Arsenic is a typical accompanying element in many ores like
copper, gold, zinc or lead. Increased arsenic concentrations may
be found in special geogenic hot spots in water and soil, but
also in the vicinity of smelters and waste dumps. Al-Ga-arsenide is used in the semiconductor industry. Most former applications of arsenic as in paints, pesticides, rodenticides or
pharmaceuticals have been phased out due to its toxic and
carcinogenic potentials. Fish is the highest arsenic burdened
food. But this organic ‘fish-arsenic’ (arsenic-betaine, -choline
and -lecithin) is much less toxic than inorganic arsenic species.
Until the First World War, arsenic was undoubtedly the classic
homicide poison, because its symptoms were easily mistaken
for food poisoning. Nevertheless, acute homicidal and suicidal
intoxications with arsenic compounds have been described in
the recent past, almost all with arsenic oxide (As2O3) or potassium arsenite (KAsO2). Of special interest in forensic toxicology
are arsenic containing chemical warfare agents (alkyl-arsines
like lewisite) (Croddy and Wirtz 2005).

Chronic intoxication
Chronic thallium intoxications have rarely been reported. The
symptoms are similar to the acute form. However, the characteristic alopecia may not occur.

Reference concentrations
Reference values for thallium in urine of 0.5 μg/L (adults) and
0.6 μg/L (children) have been published by the German Environmental Agency. An HBM-I of 5 μg/L is proposed (HBM
Commission 2011b). In the case of severe thallium intoxications, peak concentrations of 25 mg Tl/L of urine were found,

Toxicokinetics
Soluble arsenic compounds like As2O3 or KAsO2 will almost
be quantitatively absorbed in the gastrointestinal tract. The
absorption rate after inhalation ranges widely according to the
particle diameters. Absorbed As5+ is partially metabolised to
the more toxic and carcinogenic As3+. This is slowly detoxified
in the human body by methylation to monomethylarsonic
acid (MMAA) and dimethylarsinic acid (DMAA). Approximately 35–75% of absorbed arsenic is eliminated predominantly renally within the first 1–2 days. In a second phase with
a half-life of 8–10 days increasingly MMAA and DMAA are
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eliminated, the rest very slowly renally or incorporated in the
skin, hair and nails.
For organic arsenic compounds from fish a biphasic elimination is reported: a first phase with a half-life of 7–11 hours
and a terminal one with approximately 75 hours duration.
Arsenic crosses the placenta (Drasch 2003; Baselt 2011).

Toxicity
The toxicity of arsenic compounds depends strongly on their
binding forms. Inorganic arsenic compounds can be put in the
following ascending order of toxicity: metallic arsenic > As5+
compounds > slightly soluble As3+ compounds > readily soluble
As3+ compounds > arsine (AsH3). Some organoarsenic compounds like ‘fish-arsenic’ have relatively lower levels of toxicity,
while alkyl-arsines like 2-chlorovinyl-dichloroarsine (lewisite)
are extremely toxic and, therefore, used as chemical weapons.

Acute intoxication
The acute lethal oral dose of As2O3 or soluble arsenites is in the
order of 60–300 mg for an adult. Normally after oral ingestion,
the symptoms start rapidly with vomiting increasing until the
onset of systemic effects. In some cases, a latency of several
hours between first vomiting and systemic effects has been
reported. These are abdominal pain and colic, mostly massive,
and bloody diarrhoea, thirst, an inflammation of the throat,
cyanosis, convulsions of the extremities, renal failure and blood
circulation failure. As a rule, death occurs within 4–24 hours
after ingestion. In some cases, the gastrointestinal symptoms
have only been transient and the nervous system symptoms like
confusion, cramps, somnolence and coma have begun immediately. If the acute intoxication is survived, long and painful
aftereffects of the peripheral nervous system like polyneuropathies, motoric paralysis and cramps in the extremities follow.
Sometimes the CNS is affected too. At 2–4 weeks after ingestion,
a relatively characteristic massive loss of hair begins (very
similar to a thallium intoxication). One month after ingestion,
pale transverse stripes usually appear on the nails, again similar
to thallium intoxication. Later changes of the skin follow such
as hyperkeratosis, melanosis and basal cell carcinoma (Drasch
2003).
Approximately 10 ppm of arsine (AsH3) inhaled for 1 minute
is markedly toxic; 250 ppm for 1 hour is lethal. Typical of arsine
intoxication is a latency period of up to 24 hours. Predominant
is a massive intravascular haemolysis. Death occurs within
a few hours after the onset of symptoms by internal asphyxiation, caused by a lack of erythrocytes.
Arsenic halides like the chemical warfare agent lewisite are
even more toxic than AsH3 and react strongly corrosively on
skin and mucous membranes. A toxic oedema of the lung
develops rapidly. Inhaled in high doses, death occurs within
minutes by suffocation caused by mucus in the bronchi (Croddy
and Wirtz 2005).

Chronic intoxication
Several cases from the past have shown that chronic arsenic
intoxication is even more often misdiagnosed than its acute
form. The symptoms may be similar to an acute intoxication,
but their onset is quite gradual and their sequence may be
changed. A chronic arsenic intoxication may last for months or
even years until death occurs by common cachexia (Drasch
2003).

Reference concentrations
A reference value for arsenic in urine of 15 μg/L was given for
people without fish consumption within the last 2 days prior
to sample collection (Wilhelm et al. 2004). In some cases, highly
organoarsenic burdened seafood may increase arsenic in urine
for a short term up to 200 μg/L. For a differentiation between
such a harmless increase of arsenic in urine by organoarsenic
from seafood and the suspicion of an inorganic arsenic intoxication, a second urine sample, taken 3 or more days later after
seafood abstinence, should be analysed. In the first days after a
severe intoxication, arsenic concentrations in urine are often in
the mg/L range, independent from the ingested arsenic species.
Usually, it remains increased for at least 14 days (Drasch 2003;
Baselt 2011).
The determination of arsenic in the blood is less suitable to
assess an arsenic intoxication than arsenic in urine. Arsenic is
distributed quite equally between plasma and the corpuscular
parts of the blood. In most cases, arsenic levels in the blood are
somewhat lower than in urine. After an acute ingestion of toxic
quantities of arsenic compounds, arsenic level in the blood may
be in the range of 100–1000 μg/L, declining rapidly within a few
days (Drasch 2003; Baselt 2011).
In hair, background levels of 10–100 ng As/g are usually
found. Normal upper limits are up to 1 μg/g. In the case of a
suspected intoxication, a sectioned investigation of the hair
should be performed, not only to obtain information on the
date and duration of the burden, but also on the individual
background level of unburdened sections. For the reliable diagnosis of an arsenic intoxication, arsenic in hair must markedly
exceed 1 μg/g.
Principally, nails store arsenic as good as hair. But in the case
of a suspected survived arsenic intoxication, the investigation
of nails is difficult because from a living person only the foremost part of the nail can be cut. But arsenic is like other substances incorporated in the nailbeds and grows slowly forward
with the nails (c. 5 mm/month).
Background levels of arsenic in internal tissues are normally
low, approximately 10–100 μg/kg wet-weight. In any case of
lethal arsenic intoxication, the arsenic concentrations in the
internal tissues are in the mg/kg range. Besides the stomach,
after an acute intoxication, the highest concentrations can be
found in the liver, spleen and kidneys. Brain concentrations are
usually somewhat lower (Drasch 2003; Baselt 2011). As arsenic
is radiopaque, a conspicuous radiograph of the stomach region,
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taken early in the hospital, is often of crucial diagnostic importance to detect an unknown arsenic intoxication.
The interpretation of arsenic concentrations in exhumed
corpses raises special problems. In principle, the following
shifts may occur: leaching of arsenic out of the corpse into the
environment (e.g. into the pall under the corpse); or an immigration of arsenic from outside into the corpse. The latter is
especially suspect if the coffin has already collapsed and is filled
with soil. Even unburdened soil can contain up to 20 mg As/kg
dry matter (i.e. a concentration 2–3 orders of magnitude higher
than in human tissues). The determination of the arsenic concentrations in different soil samples, collected according to the
scheme of Specht and Katte (1954) from around and in the
coffin is irremissible in such situations. A further common possibility for arsenic contamination are grave goods like crosses
made from metal alloys, etc. Mould and keratin of hair and
nails may enrich arsenic from groundwater. Arsenic intoxication is one of the few intoxications that can be proven even after
cremation by the analysis of urn ash. Indispensable in such a
case is the investigation of several other ash samples from
corpses, incinerated in the same crematorium under the same
conditions (i.e. temperature, heating material, etc.) for comparison. Moreover, arsenic contamination from coffin nails and
so on must be considered (Drasch 2003).

51.6 Solvents and gaseous poisons
Marie A. Balíková
Acute or chronic poisonings caused by some gases or solvents
occur with various incidences worldwide and can be associated
with environmental or occupational pollution, or industrial
accidents. They can cause serious intoxications in the criminal
or suicidal context, and they can be misused by mistake. Those
substances likely to be seen in forensic toxicology are discussed
in this chapter.

51.6.1 Gases
Carbon monoxide
Carbon monoxide is an odourless, colourless and combustible
gas which does not irritate respiratory ways. Its density is
approximately of the same value as air. It is produced by incomplete combustion of various organic material. Its common
sources are from cigarette smoke, fire and automobile exhaust.
Suprisingly, it can be generated in the biotransformation of
dichloromethane.
Carbon monoxide (CO) is generated in small amounts
endogenously by the catabolism of heme, and is capable
of establishing background haemoglobincarboxyhaemoglobin
(COHb) saturation levels up to c. 0.5%. In ill patients with
blood disorders, COHb level can rise up to 3% (Neuhaus 1986).
Smokers can achieve saturation level up to 10%. Levels exceed-
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ing 50% saturation are considered life threatening (Neuhaus
1986; Baselt 2011). In forensic situations, the level of COHb can
indicate whether the deceased was alive and died in the fire or
died before the fire. In deceased subjects without spontaneous
respiration, practically no carbon monoxide elimination occurs,
therefore the level of COHb can be determined for a long time
after the death. However, the analysis should be performed
without delay after blood sampling because COHb level tends
to decrease with time (Neuhaus 1986; Flanagan et al. 2007).
Various spectrophotometric or or gas chromatography methods
are described in the literature (Goldbaum et al. 1986; Van Dam
and Daenens 1994; Widdop 2002; Boumba and Vougiouklakis
2005; Flanagan et al. 2007).
Carbon monoxide affinity to haemoglobin is in the same
molar ratio as oxygen but its binding is approximately 220
times stronger. Even traces of carbon monoxide in air can be
bound to haemoglobin causing potentially toxic blood level of
COHb after some time depending on the carbon monoxide
concentration in air. The degree of intoxication of an individual
correlates with the time of exposure and physical activity.
COHb levels attained rapidly are reported to result in less dangerous effects than the same levels attained gradually (Baselt
2011). Dissolved carbon monoxide in plasma enters into cells
and inhibits the function of haem proteins such as cytochromes
and myoglobin with adverse impacts on heart and brain function. The prolonged enzyme inhibition has more severe toxic
impacts including neuropsychological disorders (e. g. memory
defects, parkinsonism) (Neuhaus 1986; Lüllmann et al. 2002;
Sevela et al. 2002).
Carbon monoxide is oxidised to carbon dioxide to less than
1% with the major part eliminated unchanged by pulmonary
excretion. After interrupton of carbon monoxide exposure,
COHb levels drop by about 30–50% per hour (Neuhaus 1986).
The elimination can be accelerated by administration of pure
oxygen achieving a half-life of 1.5 h approximately (Lüllmann
et al. 2002). The replacement of bonded CO by oxygen and its
elimination can be accelerated by administration of hyperbaric
oxygen (Sevela et al. 2002; Patocka et al. 2004; Baselt 2011).
The symptoms of intoxication at levels of COHb 20–40%
are manifested by headache, dizziness, disorientation, vomiting
and nausea. In subjects with some physiological dysfunction
dysrhythmias can also appear, and children and elderly people
are at higher risk. COHb is a cherry-red pigment which is
apparent in the skin colour of intoxicated subjects. COHb
blood levels higher than 50% are associated with deep coma,
cramps, metabolic acidosis, cardiovascular failure with fatal
lung and brain oedema, circulation failure and heart arrest.
Bleeding into the brainstem cannot be excluded due to necrosis
in the CNS generated during hypoxia (Neuhaus 1986; Niesink
et al. 1996; Sevela et al. 2002).

Carbon dioxide
Carbon dioxide is a colourless odourless non-combustible gas,
with a faint acid taste, with density higher than air c. 1.5 times.
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It is a part of the respiration process of plants and animals, and
it is the product of biotransformation of various compounds.
Expired air in humans contains c. 4% CO2. It is a constituent
of volcanic gases, mineral waters and can accumulate at the
bottom of caves and other closed spaces. As a product of
burning organic material and a waste industrial product, it is
of public concern with respect to air pollution and potential
climatic adverse impacts. Carbon dioxide is usually marketed
under pressure as liquid or in solid form as dry ice. Its toxicity
is generally low. The environmental or workplace threshold
limit is close to the physiological value of expired air. At higher
concentrations respiratory stimulation and hyperventilation
take place, with headache, faintness, cramps and circulation
failure. Humans cannot breathe air containing more than 10%
carbon dioxide without adverse symptoms and at higher concentrations above 20% asphyxia and death occur (Moeschlin
1986).

Ozone
Ozone, or triatomic oxygen is found in the atmosphere in
various concentrations. It belongs to the group of photooxidants which are formed either naturally or by electrical discharge from lightning and from excessive smog at lower
atmospheric layers (photosmog). The normal concentrations
in air are reported within the range 0.02–0.04 mg/m3. In laboratory lamps, it is produced by ultraviolet (UV) radiation. It is a
bluish explosive gas with a characteristic odour. Its usage is as
a disinfectant due to its oxidative power. Concentrations higher
than 0.2 mg/m3 may cause irritation of the eyes, skin and respiratory tract, causing bronchitis or asthma (Wagner 1984;
Moeschlin 1986).

Nitrogen oxides
Dinitrogen oxide (N2O), or nitrous oxide, is a non-toxic colourless gas that is heavier than air. Its content in atmosphere is of
ecological interest since it belongs to the greenhouse gases. It is
produced naturally in the soil during microbial processes.
When inhaled, it has analgesic effects and it has application in
medicine as a mild general anaesthetic, mainly in paediatrics.
Its initial and transient excitation effects can be the reason for
recreational use to achieve euphoria and slight hallucination.
Nitric oxide (NO) is a colourless gas that reacts with oxygen
to form nitrogen dioxide (a brown gas). It is used in the manufacture of nitric acid, and as a bleaching or stabilising agent in
industry. On contact with air, it is converted immeadiately to
the more toxic nitrogen dioxide. Nitric oxide and nitrogen
dioxide occur together as air polluting gases.
Nitrogen dioxide (NO2) is a reddish brown gas with an irritating odour, perceptible at 0.11 ppm in air, and is poisonous.
Nitrogen dioxide forms nitric acid upon contact with water, it
is the intermediate in nitric acid manufacture; it can be used as
a nitration agent in the industrial production of various organic
compounds. Acute toxic effects may appear with some time

delay causing inflammation of the lungs leading to oedema
several days later that may be fatal (Merck Index 1996; TOXNET
NLM HSDB 2013).
Nitric oxide in variable ratios with nitrogen dioxide are irritating and polluting gases in the atmosphere and their contents
are of environmental concern. Exposure to these oxides results
in pulmonary function impairment and possibly to development of methaemoglobinaemia and other adverse impacts.

Sulphur dioxide
Sulphur dioxide is a colourless gas with a typical suffocating
odour. It has antimicrobial properties and it is used as a preservative in vegetables and fruits, and as a disinfectant and
antioxidant in the food industry, and as a bleaching compound.
It is also produced by volcanic eruptions. Sulphur dioxide is an
intermediate in the production of suphuric acid. In burning
sulphur-containing coal or oil, sulphur dioxide emissions are a
precursor of acid rain and contribute to air pollution with
impact on human health. Sulphur dioxide is toxic in large
amounts with long-term exposure by inhalation associated
with irritation of the eyes, skin and bronchoconstriction. The
workplace threshold air concentration is 2 ppm (Moeschlin
1986). To date, its biological role in mammals has not been
understood fully.

Ammonia
Ammonia is a colourless gas, lighter than air with an unpleasant
pungent odour. Threshold workplace concentration in air is
25–50 ppm; brief exposures to higher concentrations up to
300–500 ppm can be tolerated (Moeschlin 1986). It is soluble
in water forming ammonium hydroxide. Usually, it is marketed
under pressure in steel cylinders or as ammonia water. Vapours
have irritating effects on the eyes and respiratory tract. Inhalation of vapours is associated with alkali caustic effects on the
respiratory tract. In massive acute exposures, asphyxia and lung
oedema can occur and hepatoxicity has also been reported
(Moeschlin 1986).

Phosgene
Phosgene, or carbonyl dichloride, is a colourless highly toxic
gas with a suffocating odour. It has a boiling point of 8.2°C. Its
mean lethal concentration is 3.2 mg/min/L (Patocka et al.
2004). It is slowly hydrolysed in water forming HCl. It can be
used in chemical synthesis and was misused as a weapon of war
in the First World War. Chlorinated hydrocarbons (chloroform,
tetrachlormethane, trichlorethylene) form toxic phosgene
when burnt in the open space.
It is lipophillic, interfering with enzyme functions in the
respiratory tract, and other biological membranes causing
severe pulmonary oedema or pneumonia. Symptoms are not
apparent immediately, even when fatal concentrations are
inhaled. Initial symptoms of poisoning are only mild irritation
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in the respiratory tracts, headache, constricted feeling in the
chest and vomiting. Full development of lung oedema can
appear 6–12 hours after the dose, and death after 24–48 hours.
Inhalation of sublethal doses cause choking, constricted feeling
in the chest, coughing, impaired and painful breathing, headache and lassitude and bloody sputum. Vapours strongly irritatethe eyes. (Moeschlin 1986; Merck Index 1996; Patocka et al.
2004).

Phosphine
Phosphine or hydrogen phosphide, is a colourless poisonous
gas, heavier than air with a typical garlic or decaying fish odour.
It is spontaneously flammable in air. Toxicity is extremely high,
with threshold workplace air concentration at only 0.3 ppm.
Inhalation of 50 ppm can be immediately dangerous to life
(CDC NIOSH 2013). Phosphine can be formed in traces by
putrefaction of organic material containing phosphorus. Phosphine is also formed by decomposition of metal phosphides in
water or acid media. It is a component in acetylene manufacture
from calcium carbide which is attained by reduction of natural
carbonate. During this reduction process, traces of phosphates
present in raw material are reduced to phosphides.
Phosphine is toxic to the respiratory tract, nervous system,
liver and heart. Initial acute symptoms of intoxication resembles Salmonella or meat poisoning. Rapid coma and death may
occur at high exposure associated with respiratory failure, heart
arrest and lung oedema. Poisoned subjects who overcome the
most critical stage can be afflicted by hepatoxicity and nephrotoxicity with a latency of 24–48 hours. In chronic exposure,
cases of cardiomyopathy can develop (Moeschlin 1986).

Fluorine
Fluorine is a diatomic pale yellow gas. Fluorine is the most
electronegative element and themost reactive non-metal. In
nature, it occurs chemically bound in various compounds.
Hydrogen fluoride, or hydrofluoric acid gas is colourless,
fuming in air, at a boiling point of 19.5°C. It is very soluble in
water. Its salts, such as fluorides, are of lowtoxicity. Sodium
fluoride is used in the fluoridation of drinking water, as a preservative or disinfectant, and as an insecticide.
Acute poisoning via hydrogen fluoride inhalation is manifested with burns and necroses in the respiratory tract as for
chlorine. Hydrogen fluoride is very aggressive to skin and eyes,
causing severe burns which may not be painful or visible for
several hours (Moeschlin 1986; Merck Index 1996).

Chlorine
Chlorine is a diatomic greenish-yellow gas with a sharp suffocating odour. It is marketed in the form of compressed gas in
steel cyliders. It is used in the industrial production of various
materials, in the manufacture of chlorinated lime, as a bleaching and disinfecting agent and can be used for purifying water.
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Chlorine is a powerful irritant and can cause fatal pulmonary
oedema. However, its typical sharp odour is apparent even in
great dilution in air and this property usually prevents serious
poisoning. Threshold odour detection is reported as 0.02–0.04
ppm (Merck Index 1996). In contact with moisture such as wet
skin or the respiratory tract, it is transformed into caustic
hydrochloric acid causing burns.

Cyanides
Hydrogen cyanide is a very toxic colourless gas or liquid (hydrocyanic acid) of a bitter almond like odour, with a boiling point
of 26°C. Hydrocyanic acid and its various salts are used in
industry for various purposes, such as electroplating solutions,
metal polishes, fungicides and insecticides. The sodium or
potassium salts of hydrogen cyanide are unstable in acidic
media, and under air access and are gradually converted to
carbonates. Hydrogen cyanide is present in exhaust gases, in
tobacco and wood smoke, and in fire smoke from burning
nitrogen containing plastics. Its other potential sources are
from biotransformation of organic compounds as nitriles (e.g.
acetonitrile, acrylonitrile) or glycoside amygdaline and the
antihypertensive drug nitroprusside.
Poisoning occurs from inhalation of gaseous hydrogen
cyanide or due to ingestion of various compounds producing
hydrogen cyanide in the body. Hydrogen cyanide is formed
from ingestion of amygdaline, nitriles or cyanides bound in
various complex metal compounds (e.g. cyanocuprate, cyanonickelate, etc.). The hydrogen cyanide formation from these
chemicals is slower than from the alkali metal salts hence toxic
symptoms are delayed. After inhalation of hydrogen cyanide,
the absorption is very quick. At an air concentration of 300 ppm,
death can occur within 1 minute, while at 100 ppm death occurs
within 1 hour (Sevela et al. 2002). The workplace threshold
limit value for gaseous hydrogen cyanide is 10 ppm (11 mg/m3)
over 8 hours, and 110 ppm value can be fatal after 1 hour (Moeschlin 1986; Baselt 2008). The toxic symptoms after ingestion
of potassium or sodium salts are almost as fast as gas inhalation
due to their fast hydrolysis in the gastric environment. Lethal
doses for an adult ingesting potassium cyanide is 200–300 mg
(Sevela et al. 2002; Patocka et al. 2004); however, doses of
600 mg potassium cyanide can lead to recovery with supportive
therapy (Baselt 2011). The minimum lethal dose of sodium or
potassium cyanide is estimated to be 3 mg/kg of body weight
(Sevela et al. 2002). The reference plasma cyanide values in
healthy subjects were reported at 0.004 mg/L in non-smokers
and 0.006 mg/L in smokers, whereas in another group whole
blood levels in non-smokers were 0.016 mg/L and 0.041 mg/L
in smokers. The average blood values of 0.18 mg/L (nonsmokers) and 0.56 mg/L (smokers) were reported in chronically
cyanide exposed workers (Baselt 2011). Comatose or fatal
plasma or serum values range from 1 to 3 mg/L (Schulz and
Schmoldt 2003).
Clinical features of poisoning include coma, respiratory
arrest and cardiovascular collapse. The major part of the
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cyanide dose is metabolised in the liver to thiocyanates which
are excreted in urine. The main toxic effect is inhibition of
various enzymes including ferricytochromoxidase. Therapy for
cyanide poisoning must start as soon as possible and includes
high flow of oxygen and cardiopulmonary resuscitation.
Administration of sodium thiosulphate supports the conversion to non-toxic thiocyanates. Cobalt ethylenediaminetetraacetic acid (EDTA) or hydroxocobalamin bind cyanides
into complexes and act fast and efficiently, whereas the action
of sodium thiosulphate is rather slow. Amylnitrite, sodium
nitrite or 4-dimethylaminophenole are used as antidotes to
form methaemoglobin and bind cyanides into the complex
cyanomethaemoglobin and thus restore fericytochromoxidase
function. However, not only the efficiency of antidotes but
also their safety has been under debate (Sevela et al. 2002;
Megarbane et al. 2003; Hall et al. 2007).
Laboratory confirmation of acute cyanide poisoning is not
usually necessary since poisoning occurs so rapidly. Cyanides
are present largely in erythrocytes, therefore whole blood is
preferable to assay. After death, the concentration of cyanide is
not stable in cadavers nor in stored tissue samples. Both decrease
and increase of cyanide levels have been observed. The mechanisms include loss by evaporation, thiocyanate formation and
reaction with tissues. On the contrary, under different conditions, the conversion of thiocyanat e to cyanide has also been
reported. The addition of sodium fluoride to samples to diminish postsampling changes is recommended (Flanagan et al.
2007; McAllister et al. 2008; Baselt 2011).

Hydrogen sulphide
Hydrogen sulphide is a colourless, flammable, poisonous gas
that is heavier than air, with a typical odour of rotten eggs. It
is formed during putrefaction of sulphur containing materials
and can be produced as a byproduct of industrial processes. It
also occurs naturally in mines, volcanic gases and hot sulphur
springs.
The workplace threshold concentration is 10 ppm (Moeschlin 1986). It is an insidious poison since the sense of smell may
fail to give a warning at high concentrations. In humans, it is
extremely hazardous. Low concentrations cause irritation of
the conjunctival and mucosal membranes, and causes headache, dizziness, nausea and lassitude (Merck Index 1996). It
inhibits cytochromoxidases causing cellular asphyxia leading to
coma and death from respiratory failure within minutes of
exposure (Table 51.10).

51.6.2 Solvents
Hydrocarbons
Crude oil, petroleum or gasoline are rich sources of hydrocarbons; both aliphatic and aromatic with various molecular
structures and with a broad range of volatility. In crude oil,
the predominating ones are paraffins (alkanes), naphthenes

Table 51.10 Toxicity of hydrogen sulphide (H2S). From TOXNET
NLM HSDB (2013), © US National Library of Medicine.
H2S concentration
in air (ppm)

Biological effects

0.03

Smell threshold

0.05–30

Rotted eggs smell

50–100

Mild toxicity, respiratory tract irritation

>150

Smell sense paralysis

>500

Loss of consciousness, circulation
collapse, respiratory arrest, death
within 60 min

>1000

Immediate death within 1 min

(cycloalkanes) and aromatics in variable abundance depending
on the origin of the oil. The content of aromatics is limited in
final gasoline products. Natural gas or fuel gas is the source of
light hydrocarbons. Hydrocarbons are parts of various industrial and household solvents and are used commonly in laboratories and in industry. Hydrocarbons are strongly lipophilic
substances capable of depressing the CNS. Poisoning with volatile substances is usually associated with inhalation of their
vapours deliberately (glue or sniffing cigarette lighter refills), or
from occupational or environmental exposure . Oral consumption is rare.

Aliphatic hydrocarbons
The toxicity of aliphatic hydrocarbons is higher with more
volatile methane, propane and butane. The major intake is via
the lungs; absorption through the skin is negligible. They are
excreted mainly as unchanged compounds via the lungs associated with a typical odour in expired air, with only a minor
proportion excreted in urine. Volatile hydrocarbons can
produce dose-related CNS depressant effects, with low doses
producing euphoria or hallucinations. Higher doses may be life
threatening causing asphyxia, convulsions and coma. The direct
cause of death is cardiotoxicity or CNS toxicity. Inhalation of
n-butane may be associated with hypotonia, ventricular fibrillation, encephalopathy and myocardial infarction (Baselt 2008).
Death may occur also indirectly by aspiration of gastric contents. Oral consumption of gasoline causes gastrointestinal
mucosal membrane injury, and affects respiration through
aspiration and local toxicity in the lungs. The risk of aspiration
is associated with viscosity, surface tension and volatility of
hydrocarbons. Hydrocarbons with low viscosity and high volatility are more likely to cause aspiration pneumonia amongst
other symptoms (Moeschlin 1986).

Aromatic hydrocarbons
Aromatic hydrocarbons have a high potential for depression of
CNS due to their solubility in fat. They have lesser potential for
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cardiac disturbances and lesser risk of aspiration compared to
aliphatic hydrocarbons. Nevertheless, the acute toxic effects of
benzene are due also to myocardial sensitisation. The aromatic
hydrocarbons have significant systemic toxicity. The health risk
of chronic exposure to benzene include: haematological disturbances and carcinogenity. Benzene is oxidised to phenol and
other minor products. The majority of phenol is excreted by
urine in conjugated form. Toluene vapour exposure is associated more with CNS depressant effects rather than organ toxicity, even if long-term abuse can lead to encephalopathy,
neurotoxicity and hepatorenal damage. Toluene is oxidised to
benzoic acid, followed by conjugation with glycine or glucuronic acid. The glycine conjugate (hippuric acid) represents
the major excretory product in urine. Xylene occurs in three
structural isomeric forms. Xylenes are components of solvents
used in paints, cleaning agents, pesticides and gasoline. Their
toxicity is very similar to toluene (Moeschlin 1986; Sevela et al.
2002).

Chlorinated hydrocarbons
Chlorinated hydrocarbons are used widely in industry and
occur as components in various commercial cleaning products
which are also available in households. Poisoning may occur by
inhalation; intentional or accidental ingestions are rare. These
compounds are highly lipid soluble with significant depressive
effects on CNS and with repeated doses tend to accumulate in
adipose tissues (Moeschlin 1986). Tetrachloromethane, chloroform, tri- or tetrachloroethylene can induce hepatorenal toxicity and tetrachloromethane is a potential carcinogen in humans.
Chloroform had been used as an anaesthetic agent in surgery,
but was replaced many years ago by less toxic compounds
(halothane, 2-bromo-2-chloro-1,1,1-trifluoroethane). Dichloromethane is considered less hepatotoxic than other chlorine
substituted methanes. However, it is converted in vivo to carbon
monoxide. Trichloethylene is extensively metabolised in
humans, producing chloralhydrate as a transient metabolite
with hypnotic activity. The major urinary metabolites are
trichloroethanol and trichloroacetic acid, excreted partly as glucuronide conjugates. In an open flame many chlorinated
hydrocarbons are oxidised to highly toxic phosgene.

Glycols and their derivatives
Glycols of various structures are generally available in many
antifreeze products, as industrial solvents, in cosmetic or pharmaceutical preparations. In industry, various glycol derivatives
are used, e.g. ethylene glycol monomethylether (methylcellosolve), diethylene glycol monomethyl or monoethylether (carbitols), where the oxidative metabolic products cause toxicity
(Welsch 2005). The severity of poisoning is related to the type
of glycol in addition to other important factors, such as the
dose, the way and frequency of application, concomitant
ingestion of alcohol, individual health conditions of a subject,
and so on.
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Figure 51.40 Biotransformation scheme of ethylene glycol.

Ethylene glycol (ethane-1,2-diol)
The boiling point is 197.3°C, and it is an odourless, colourless,
viscous, sweet-tasting, relatively non-volatile liquid. After ingestion, the absorption is rapid with effects on CNS apparent
within 30 minutes. The consumption of this toxic compound
in various products can be intentional or accidental, and its
ingestion can result in adverse health outcomes or even death.
The oral lethal dose for an adult is approximately 1.5 mL/kg
(Micromedex 2013). Following ingestion, the initial symptoms
of intoxication are narcotic-like with CNS depression followed
by development of metabolic acidosis, seizures, cardiovascular
disorders, acute renal failure and death. Cranial nerve deficits
and brainstem dysfunction have been reported (Morgan et al.
2000). The toxicity is due to metabolites which are cytotoxic
(Moeschlin 1986; Sevela et al. 2002; Baselt 2011).
The metabolites generated by oxidation are glycol aldehyde,
glyoxylic acid, glycolic acid, oxalic acid and formic acid (Fig.
51.40). The metabolic disorders and metabolic acidosis are
largely associated with the level of glycolic acid. The differential
diagnosis of intoxication is supported by the determinaton of
ethylene glycol and glycolic acid in the blood (Fraser and
McNeil 1993; Porter et al. 1999). The assessment of severity of
intoxication may rely not only on the level of glycol and glycolic
acid in blood serum, but also on the biochemical parameters
of the patient, on the degree of metabolic acidosis, which is
manifested by a pH <7 in cases of severe poisoning (Sevela
et al. 2002). Serum levels of ethylene glycol above 200 mg/mL
are reported to be dangerous to humans from the toxicological
aspect (Schulz and Schmoldt 2003). The treatment of poisoning consists of initial stabilisation of the patient and applying
suitable antidotes to suppress biotransformation of glycol. The
antidotes are either ethanol or fomepizole (4-methylpyrazole)
which compete for enzymes and suppress the oxidation of
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ethylene glycol. Haemodialysis helps in removing toxic substances. However, it also removes the antidote, therefore its
administration must be continuous until offending substances
are removed. The early toxicological diagnostics of the cause of
poisoning is important to initiate the specific therapy in a
timely fashion.

Diethylene glycol
This is the dimer of ethylene glycol, with a boiling point of
245°C. It is a colourless, odourless viscous, sweet-tasting liquid.
It can be produced also by partial hydrolysis of ethylene oxide,
which is used for disinfection. It has also been misused in adulteration of some alcoholic beverages. In polyethylene glycol
products, diethylene glycol can be present as an impurity. Traces
can also be found in ethylene glycol antifreeze products. Selected
diethylene glycol esters can be components of brake fluids,
cosmetic products, and so on. The information on human toxicity is limited even if the adverse effects on humans are known.
The oral dose 1 mL/kg can be fatal to humans (Baselt 2011).
Diethylene glycol is metabolised to 2-hydroxyethoxyacetic acid.
The detailed mechanisms of intoxication differs from ethylene
glycol, and the symptoms of metabolic acidosis are more
delayed with potentional renal insuffiency, coma and possible
death (Alfred et al. 2005; Schep et al. 2009; Besenhofer et al.
2010).

Propylene glycol (1,2-propylene glycol or
1,2-propane diol)
The boiling point for this is 188.2°C; it is a colourless, nearly
odourless, viscous, sweetish liquid. The acute toxicity to humans
is very low; large doses are required to cause serious poisoning.
In humans, its toxicity is reported to be approximately 5 times
lower than the ethylene glycol toxicity (Schulz and Schmoldt
2003). The oxidative products of its biotransformation are
lactate, pyruvate and acetate. Due to its lower toxicity, it substitutes ethylene glycol in various industrial products. In some
pharmaceutical and cosmetic preparations, it can be used as a
vehicle. In some patients on intensive care treatment, traces of
propylene glycol can be found in their biological samples from
therapeutic medications. These medications in injectable forms
may contain as much as 80% propylene glycol (Baselt 2011).

Butylene glycol (1,4-butanediol)
The boiling point is 235°C; it is a colourless viscous liquid, used
as an industrial solvent and a precursor in the synthesis of
various plastics and fibres. It is used for the synthesis of the
industrial solvent γ-butyrolactone. It can also be consumed as
a recreational drug precursor with the aim of producing
γ-hydroxybutyrate (GHB) in vivo by the enzymes which are
responsible also for ethyl alcohol metabolism. Its concomitant
consumption with ethanol can be associated with increased
effects of ethanol and and even visual hallucinations. GHB acts

as a cerebral neurotransmitter with historical therapeutic use
as an anaesthetic and current use as a hypnotic. 1,4-Butandiol
itself has two stage effects – initially alcohol-like CNS depressing, gradually related more to properties of GHB associated
with hypotonia and amnesia. Adverse effects of 1,4-butandiol
(in doses higher than 1–2 mL) may include nausea, vomiting,
dizziness, sedation, cardiovascular unbalance with coma and
potentially death (Zvosec et al. 2001; Palmer 2004; Lenz et al.
2011).

Acetone
Acetone is an endogeneous metabolic product in humans and
can be found as a metabolite of isopropanol. Physiological
acetone blood levels reach values up to 10 mg/L. The pathological deviations occur during diabetic or fasting ketoacidosis and
the blood levels can be significantly elevated even more than
100 mg/L. However, in controlled diabetics, the blood levels are
usually less than 30 mg/L.
Acetone can be used as an industrial solvent, cleaning agent
and laboratory chemical. Its toxicity is relatively low. Target
organs are the eyes, skin, respiratory system and CNS. Absorption occurs by inhalation, ingestion or dermal contact. Acetone
can cause eye irritation at air concentrations of 1000–6000 ppm
or CNS depression at air concentrations exceeding 10 000 ppm.
Mouth mucosa and throat irritation has been observed at
peroral intake of 50 mL. The symptoms of acute intoxication,
dizziness and muscular weakness on exposure to acetone in air
of 12 000 ppm has been reported (Liebich 1986; Dreisbach and
Robertson 1987; Baselt 2011).

Diethylether
Diethylether is a volatile and flammable liquid with a boiling
point of 34.6°C with a sweetish, pungent odour. It can form
explosive peroxides under influence of light and air. In industry
and laboratories, it can be used as a solvent. It had been
used as an anaesthetic agent many years ago; due to its flammability and irritating properties, this application has been
abandoned.
Inhalation of ether vapour can cause irritation of the eyes,
skin and upper respiratory tract, dizziness, drowsiness, headache, nauzea, vomiting and narcosis. Acute poisoning is manifested by excitation followed by unconsciousness and paralysis
of respiration. The fatal peroral dose is reported to be 30 mL of
liquid. Chronic inhalation of vapour during recreational use
can lead to similar pathological impacts as chronic alcoholism
(Moeschlin 1986).

Ethylacetate, butylacetate and amylacetate
Ethylacetate is a colourless flammable liquid with a pleasant,
fruity odour. It is used as an artificial aroma in the food industry or as an industrial or laboratory solvent. Up to 400 ppm in
air is harmless. Exposure to higher concentrations can lead to
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irritation of the eyes, skin and upper respiratory tract. Inhalation of high doses can be associated with narcotic-like effects
(Moeschlin 1986).
Butylacetate and amylacetate are colourless liquids with
characteristic fruity odours, and they can be encountered also
as industrial or laboratory solvents. Following excessive exposure, they can cause irritation to the skin, eyes and respiratory
tract in a similar manner to ethylacetate. The occupational
exposure limits are lower, 150 ppm in the case of n-butylacetate,
and 100 ppm for n-amylacetate (Moeschlin 1986). In high doses
they can also induce narcotic effects.

Aniline
Aniline is a colourless oily aromatic liquid with a boiling point
of 184°C, prone to oxidation with light. It is widely used in
industry as a chemical or solvent in the manufacture of synthetic dyes and other products. Human exposure occurs
through inhalation of vapours, skin absorption and ingestion.
The occupational exposure to vapours must be limited to
2–5 ppm (Moeschlin 1986).
The absorbed dose is transformed to p-aminophenol, which
is excreted by urine as glucuronide or sulphate conjugates. The
urinary p-aminophenol concentration is related to blood methaemoglobin levels in subjects exposed to aniline.
The symptoms of acute or chronic intoxication are headache, dizziness, nausea, methaemoglobinaemia, cyanosis,
breathing difficulty and asphyxia with potential CNS injury. In
long-term exposure, pain on urination and anaemia may
appear later. In acute fatalities from aniline poisoning, the chocolate colour of blood, injury to the kidney, liver and spleen, and
haemolysis are reported. Moeschlin reports on suicidal perortal
intake of 60 mL aniline by young woman, who died on the
fourth day later. Autopsy findings included myocardial, liver,
kidney, brain and lung oedema. The initial methaemoglobinaemia was 85%, with a final drop to 27% (Moeschlin 1986).

Nitrobenzene
Nitrobenzene, or oil of mirbane, is a yellow liquid, with intensive bitter almond-like odour. It occurs in industry as a solvent
or chemical in various synthetic processes (e.g. production of
aniline). The substance is well absorbed after vapour inhalation,
dermal contact or ingestion. The occupational exposure to
vapours must be limited to 1 ppm (Moeschlin 1986; Dreisbach
and Robertson 1987).
After absorption, nitrobenzene is metabolised in humans by
oxidation to p-nitrophenol and by reduction to aniline, with
further oxidation to p-aminophenol. The transient biotransformation products are nitrosobenzene and phenylhydroxylamine
with high toxic potential. The major metabolites in urine are
p-nitrophenol and p-aminophenol excreted in conjugated
forms as glucuronides and sulphates.
The symptoms of excessive exposure to vapours are irritation of the eyes, headache and elevation of blood methaemo-
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globin. Serious acute poisoning has occurred predominantly
due to ingestion or dermal absorption of nitrobenzene. The
symptoms of intoxication may be delayed after the dose, and
are manifested by vomiting, bloody diarrhoea, headache, dyspnoea, cyanosis, hypotension, cramps and coma. The main toxic
effects are anaemia, methaemoglobinaemia, CNS depression
with respiration suppression and hepatorenal toxicity. Acute
intoxication was reported after peroral intake 1–2 mL nitrobenzene, and cases have survived 50 mL peroral dose (Moeschlin
1986).

Pyridine
Pyridine is a flammable colourless to yellow liquid with characteristic unpleasant odour. It is miscible with water and many
organic compounds. Pyridine can be used as an intermediate
in many industrial synthetic processes. The substance can be
absorbed by inhalation, ingestion or dermal contact. The occupational exposure to vapours must be limited to 5 ppm (Moeschlin 1986, Dreisbach and Robertson 1987).
The symptoms of excessive exposure by inhaltion are irritation of the eyes and respiratory tract with cough and potential
vomiting. The additional effects are fatigue, headache, anorexia,
dizziness, nausea, tremor and cramps. Large doses or chronic
exposure can induce neurological and hepatorenal toxicity.

51.6.3 Solvents and gases from occupation
General information about relative health hazards on respiration of gases and vapours of selected substances dealt with in
this chapter are overviewed in Table 51.11 based on current
occupational threshold values from the US National Library of
Medicine Hazardous Substances Database (TOXNET NLM
HSDB 2013).

51.7 Natural poisons
Jochen Beyer
Naturally occurring poisons can be divided into two distinct
groups: toxins and venoms. Both terms describe substances of
natural origin that can cause harm to humans or animals; the
differentiation is predominately in the delivery of the substance.
A toxin is a naturally occurring poison; it is produced by plants,
animals, bacteria and other living organisms. The term venom
is defined as a toxic substance that is delivered by injection such
as a sting, bite or other means of penetration. Venoms often
consist of complex and concentrated mixtures of poisonous
proteins, peptides and small molecules. This chapter will only
focus on natural toxins that originate from plants and
mushrooms.
A very large number of plants and fungi contain compounds
which can lead to serious poisoning or even death when
ingested. Although a large number of plants contain toxic
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Table 51.11 Respiratory toxicities of selected gases or solvent vapours and current occupational thresholds. From TOXNET NLM HSDB
(2013), © US National Library of Medicine.
Class

Compound

Formula

Gases

Ammonia
n-Propane
n-Butane
Carbon dioxide
Carbon monoxide
Chlorine
Fluorine
Hydrogen cyanide
Hydrogen sulphide
Nitrogen dioxide
Nitrric oxide
Nitrous oxide
Ozone
Phosgene
Phosphine
Sulphur dioxide

NH3
C3H8
C4H10
CO2
CO
Cl2
F2
HCN
H2S
NO2
NO
N2O
O3
COCl2
PH3
SO2

Solvents

n-Hexane
n-Octane
Cyclohexane
Benzene
Toluene
Xylenes (o-, m-, p-)
Tetrachloromethane
Trichloromethane
Dichloromethane
Trichloroethylene
Aniline
Nitrobenzene
Pyridine
Ethylacetate
n-Butylacetate
n-Amylacetate
Acetone
Diethylether

C3H8
C4H10
C6H12
C6H6
C7H8
C8H10
CCl4
CHCl3
CH2Cl2
C2HCl3
C6H5N
C6H5NO2
C6H5N
C4H8O2
C6H12O2
C7H14O2
C3H6O
C4H10O

MW
17.03
44.1
58.12
44.01
28.01
70.9
38.0
27.03
34.08
46.01
30,01
44.02
48.0
98.92
34.0
64.07
86.17
114.23
84.18
78.11
92.14
106.17
153.82
119.38
84.93
131.4
93.13
123.11
79.10
88.11
116.16
130.19
58.08
74.12

Boiling point (°C)

TWA (ppm)

−33.3
−42.10
−0.50
−78.5a
−191.5
−34.05
−188.1
25.6
−60.33
21.15
−151.7
−88.46
−180.0
8.2
−87.7
−10.0

25
1000
1000
5000
25
0.5
1
4.7
10
3
25
50
0.05
0.1
0.3
0.25b

68.7
125.67
80.7
80.1
110.6
138.4–144.4
76.8
61.17
39.75
87.2
184.1
210.8
115.3
77.0
126.1
149.2
56.05
34.6

50
300
100
0.5
20
100
5
10
50
10
2
1
1
400
150
50
500
400

MW, molecular weight; TWA, threshold working average, 8 h/5 days in 1 week.
a
Sublimation.
b
Short-term 15-minute exposure limit.

substances, severe poisonings with herbal material are relatively
rare and limited to a small number of plant and fungal species.
Comparison of regional reports on poisonings with natural
poisons shows vast regional differences. In Chile, only 0.43% of
consultations of the national Poisons Information Centre from
January 1998 to June 2000 involved patients who ingested
plants or fungi (Manriquez et al. 2002). In comparison, a Poisoning Information Center in northern Germany reported that
12% of medical consultations were related to poisonings following the use, misuse or accidental ingestion of plants or plant
products (Poison Information Center Goettingen 2005). In
rural Sri Lanka however, within 1 year 44 people died from
ingestion of the plant oleander alone; the ingestion of oleander
is one of the most common means of suicide (Eddleston et al.
2005). In rural areas in Asia, the use of plant material is common
in suicide attempts; this may reflect the lack of availability of
drugs or poisons used in suicide attempts.

The manner of plant poisonings can be divided into three
categories: unintended ingestions, intended ingestions and poisoning due to abuse of plant material. Unintentional ingestion
of plant material is commonly encountered in children, especially younger ones, but also adults can ingest plants by accident. Children ingest poisonous plant material if the plant
appears attractive to them; adults, however, ingest poisonous
plants accidentally due to a mix-up (Frohne 2005).
Attractive to children are mostly fruits and seeds with colourful seed coats. A classic example is the deadly nightshade;
the fruits look similar to cherries. Another good plant example
attractive for young children are the red fleshy seed coats of the
yew. In the case of yew, the seed coats are very sweet and are
not poisonous, but the seeds inside are very poisonous. Conversely, adults usually unintentionally ingest poisonous plant
material due to a mix-up of plants in the search for alternative
food sources or self-medication with herbal drugs. A common
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example of this mix-up of plants is the collection of meadow
saffron instead of wild garlic in spring time. But also later in
the year, in autumn, the mix-up of mushrooms is very common.
Many case reports have shown that the deadliest mushroom is
the death cap, which shows similarity edible champignons
(Trim et al. 1999).
Besides unintentional ingestion of plant materials, plants
have always been, and are still, used in homicides and suicide
attempts. In developed countries, drug or poison related suicide
attempts are mostly in connection with prescriptive drugs.
However, case reports describe the use of very poisonous plants
like deadly nightshade, aconite and yew in suicides. In rural
parts of developing countries, suicidal ingestion of plants is far
more common due to a lack of availability of prescription drugs
(Eddleston et al. 2005).
In recent years, intended ingestion of plants for their psychoactive properties has become increasingly popular amongst
illicit drug users. The ingested plants often contain pharmacologically highly active compounds. In addition, using hallucinogenic poisonous plants carries the danger of an overdose.
The amount of active ingredients in the plant is strongly
dependent on geographical and climate conditions. A consumption of two leaves in spring might be hallucinogenic,
whereas the consumption of two leaves in autumn may be fatal
(Frohne 2005). Such intended ingestion may therefore lead to
overdoses which are often described for plants like deadly
nightshade (Jaspersen-Schib et al. 1996), datura (Boumba et al.
2004) and kath (Giannini & Castellani 1982).
In this section, toxicologically important plants and fungi
are described in detail. To avoid confusion, scientific names of
the plants are used. The scientific names have the advantage
that only one name exists for each plant, whereas the commonly
used names may not be unique and can be used for more than
one plant. The selected plants and fungi are described in monographs; the monographs are listed in alphabetical order of the
scientific names.

51.7.1 Monographs
Aconitum napellus
The herbaceous perennial plant Aconitum napellus grows to 1 m
tall, and is native to western and central Europe but can also be
found in Asia. The plant is commonly known as monkshood;
the name is derived from a part of the dark blue flower of A.
napellus, forming the shape of a cylindrical helmet. The plant
is the most poisonous plant in central Europe, its toxicity has
been described in Greek mythology, where Aconitum was
named as the first poisonous plant.
All species of the genus Aconitum are highly toxic and have
been used for many centuries as arrow poison or common
poison in homicides. All parts of the plants of the genus are
poisonous to humans and livestock. The main active alkaloid in
the plants from the genus Aconitum is aconitine (Frohne 2005).
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Accidental poisoning due to a mix-up with other plants is
unlikely due to the lack of similarity; also children are not
attracted by the plant very often. However, the plants are a
common source of fatal poisonings described in case reports
(Elliott 2002). Poisonings are commonly caused by either suicidal ingestion of the plant material or due to an incorrect
preparation of the plant in Traditional Chinese Medicine.
Aconite is used in Traditional Chinese Medicine (Chan et al.
1993), and can be freely purchased from herbal shops around
the world. An incorrect preparation as well as a wrong dosage
of the plant material may lead a fatal dose of the toxic alkaloid.

Amanita phalloides (death cap mushroom)
Amanita phalloides is a very poisonous mushroom that originates in Europe, but can be found worldwide. The mushroom
is also commonly known as death cap and appears after periods
of rain from late summer to the end of autumn. Due to the
similarities of the fungal fruiting body of Amanita phalloides
to different edible mushroom such as champignons, parasol
mushrooms and paddy straw mushrooms, this fungus can be
confused with other fungi. The toxicity of A. phalloides has been
extensively studied since the largest number of deadly mushroom poisonings are caused by this species. All parts contain
amatoxins and phallotoxins, and the most responsible for the
deadly effects is α-amanitin (Wieland 1967). The peptide
α-amanitin is a very stable compound, and no common treatment such as freezing, boiling and so on, decreases the toxicity.
The toxin acts by inhibition of RNA polymerase II and therefore blocks protein synthesis.
As the lethal dose of amanitin is only 0.1 mg/kg, a medium
sized mushroom can cause the death of a human. A mix-up
with edible mushrooms is often not recognised as the taste of
death cap mushrooms have been reported to be pleasant.
The initial symptoms of a poisoning with A. phalloides are
of gastrointestinal nature and show similarities to poisonings
with non-lethal mushrooms. Colicky abdominal pain, vomiting
and watery diarrhoea characteristically start approximately 8
hours after ingestion. As these symptoms resolve for a period
of 2 or 3 days, a false impression of remission can be assumed
by the patient. However, after a few days, a hepatic and renal
failure causes symptoms like jaundice, delirium, seizures and
coma. Death occurs usually 6–16 days after ingestion of the
mushroom.
The treatment of a poisoning with death cap includes gastric
lavage, activated charcoal, the correction of metabolic acidosis
and an intravenous antidote treatment with silibinin. Silibinin
is extracted from blessed milk thistle (Silibum marianum) and
is supposed to prevent the uptake of amatoxins into liver cells.
In some cases, liver transplants have been required.

Atropa belladonna
Atropa belladonna is a perennial plant commonly known as
deadly nightshade, dwale, death’s herb or witch berry. Some of
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its common names give an impression of its toxicity and use in
the Middle Ages. The toxicity and pharmacological effects of
the plant are part of the etymology of the botanical name. The
genus Atropa is named after the goddess Atropos, who is known
in Greek mythology to cut the life thread. The species name
belladonna is Italian for beautiful lady, and originates from its
historical use of the berry juice by women to dilate their pupils
(Frohne 2005).
Atropa belladonna contains toxic tropane alkaloids in all
parts of the plant, with highest concentrations in the roots. The
most dangerous parts, however, are the berries because of their
attractive look and sweet taste. Accidental ingestion is common
amongst children; poisonings are also reported after an abuse
of A. belladonna for its hallucinogenic properties.
The main alkaloid present in A. belladonna is l-hyoscyamine
which converts as a result of extraction or release after ingestion
to its racemic mixture atropine.
Atropine acts pharmacologically via blocking acetylcholine
receptors of the muscarine subtype. The blockage of these
receptors causes symptoms like tachycardia, dilated pupils,
decreased gastrointestinal motility and dry hot skin and a dry
mouth due to a decreased sweat and saliva production. Apart
from these peripheral effects, atropine also affects the CNS
and causes agitation, disorientation and hallucinations (Rang
1987).

Catha edulis
Catha edulis is an evergreen shrub native to tropical East Africa
and the Arabian Peninsula. The plant is commonly known as
khat or quat. Therapeutic and recreational khat use has been
part of the Middle Eastern local culture for centuries. In the
second part of the 20th century, the local consumption spread
to an uncontrolled abuse on other continents. For example,
more than 2300 kg of khat were confiscated at Frankfurt Airport
(Germany) in 1998 (Toennes et al. 2003). As a results, the World
Health Organization classified khat as a drug of abuse which is
able to produce dependence.
The main psychoactive alkaloids of khat are cathinone and
its metabolite cathine, also known as norpseudoephedrine.
Cathinone acts as a CNS stimulant and shows sympathomimetic effects via releasing catecholamines from presynaptic
storage sites. Experiments have shown that cathine acts like
cathinone, but is less effective. In recent years, synthetic derivatives of cathinone have entered the illicit drug market and have
been heavily marketed as bath salts over the internet.

Colchicum autumnale
Colchicum autumnale is a perennial plant which, in contrast to
most other plants, flowers in autumn, long after the leaves have
died back. The fertilised fruits emerge from the ground with
the new leaves appearing the following spring (Frohne 2005).
The most common English names are autumn crocus, naked
lady and meadow saffron. Some of these names represent the

similarity of the flower to crocuses; however, this similarity is
limited to the appearance of the flowers.
The main alkaloid of the plant is colchicine, it is present in
all parts of the plant, but particularly in the corm, seeds and
flowers. Colchicine inhibits the function of microtubules and
therefore acts as a cytotoxic agent. Another pharmacological
effect of colchicine reduces the activity of leukocytes and lymphocytes which may explain the success of this substance in the
treatment of gout. The plant has been used to treat gout for
more than 2000 years. Although colchicine has many side
effects, it is still recommended as a treatment of acute gout.
Poisonings involving C. autumnale are mostly accidental due
to a mix-up. In central Europe, it is common in spring to collect
wild garlic leaves for home cooking. The leaves of Colchicum
show similarity to wild garlic and grow in a similar habitat
therefore mix-ups occur, resulting in the ingestion of large
amounts of leaf material.
The treatment of a poisoning with Colchicum is symptom
orientated, with no specific antidote available.

Conium maculatum
Conium maculatum is commonly known as hemlock or poison
hemlock and has a smooth green stem with characteristic
purple spots on the lower half. The leaves are finely divided and
the white flowers are small and clustered in umbels. The plant
shows similarity to fennel, parsley or wild carrot causing possible mix-ups. The root of hemlock is white and fleshy, is often
unbranched and shows a similarity to parsnip. Although C.
maculatum is native to Europe, the plant has been introduced
to Asia, North America and Australia.
All parts of the plant contain the main toxic alkaloids coniine
and γ-coniceine. Concentrations in different parts of the plant
vary significantly depending on temperature, moisture and the
season. Although the exact mechanism of action of coniine and
γ-coniceine is not known, the symptoms of intoxication with
C. maculatum show similarity to a nicotine poisoning. The
most common symptoms of a hemlock poisoning are problems
in movement, dilation of pupils, slow and weak pulse, heavy
salivation and nausea. After a severe poisoning, coma and death
from respiratory failure are possible (Drummer et al. 1995).

Datura stramonium
The annual plant D. stramonium is commonly known as thornapple, Jimson’s weed or angel’s trumpet. The large flowers of
Datura are white, erect and tubular explaining the common
name angel’s trumpet. The name thornapple is related to the
fruits which are spiky large green capsules containing numerous black seeds. The plant is found throughout temperate and
subtropical regions worldwide. Similar to Datura in botanical
appearance are the Brugmansia species, which are often cultivated in pots as house plants (Frohne 2005).
All parts of Datura and Brugmansia species are toxic and
contain tropane alkaloids. As already described for Atropa bel-
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ladonna, these alkaloids are psychoactive and therefore often
abused. This increasing misuse has forced a prohibition by law
in Florida of planting angel’s trumpets.

Nerium oleander
The evergreen shrub N. oleander, simply known as oleander is
very common in the Mediterranean region and has a growing
preference near water. The flowers of oleander can vary from
white to pink or yellow and grow in clusters. Oleander is also
commonly grown in warm subtropical regions as an ornamental plant and is extensively used in parks and roadsides worldwide (Frohne 2005).
The plant is highly toxic and contains cardiac glycosides of
the cardenolide type in all parts of the plant; the main glycoside
present is oleandrin. Oleandrin acts like other cardiac (cardiac)
glycosides of the cardenolide type by inhibition of the sodium
potassium exchange, which causes an increased calcium level in
heart cells, which increases contractions of heart muscle cells.
An overdose of the cardiac glycosides causes dysrhythmia and
a possible heart block. Many fatal and severe poisonings have
been reported after ingestion of oleander or other plants containing cardiac glycosides, such as Digitalis purpurea (foxglove),
Adonis vernalis (pheasant’s eye) or Convallaria majalis (lily of
the valley). The typical symptoms of an overdose with cardiac
glycosides are dizziness and vomiting, followed by cardiac
arrhythmias (Frohne 2005).
For treatment of severe poisonings with cardiac glycosides,
an antibody-based antidote has been developed to remove specifically the toxins. The relatively low demands for such specific
antidotes has led to access problems in many countries as the
antidote is no longer available on the local market. Additionally,
in case of poisoning with plants or self-prepared extracts, this
antidote is unfortunately poorly effective.

Taxus baccata
Taxus baccata, widely known as yew, is a slow growing conifer
native to Europe and is often considered to be the oldest plant
in Europe. The age of some yew trees is estimated to be 5000
years. The plant has very characteristic single seed cones surrounded by a bright red coloured berry-like structure, called an
aril. All parts of the plant are highly toxic, except the arils. The
non-toxic aril (including the seeds) is commonly eaten by birds,
but the seeds remain undamaged in the bird’s droppings. The
plant contains pseudoalkaloids of the taxane type. The main
compound responsible for the toxicity of the European yew
(T. baccata) is taxine B (Frohne 2005).
Paclitaxel, a taxane-type pseudoalkaloid isolated from the
Pacific yew, Taxus brevifolia is also important in the treatment
of cancer. Because of the extensive use of Paclitaxel and the
resulting demands on the species T. brevifolia, pharmaceutical
companies were forced to find an alternative source of the
drug. A precursor of paclitaxel is isolated from cultivated European yew plants, and paclitaxel is synthesised using this precur-
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sor. Most taxane-type pseudoalkaloids inhibit the division of
cells by stabilisation of the microtubule and are therefore
cytotoxic.
In the case of an overdose with yew plants, the symptoms
are nausea, dizziness, abdominal pain, shallow breathing and
tachycardia. Death can occur as a result of respiratory paralysis,
with the heart in diastolic arrest. The treatment of a poisoning
with yew is symptomatic, with no specific antidote available
(Frohne 2005).

51.7.2 Analytical methods
Because chemical structures of natural poisons found in plants
and mushrooms are very diverse, a general laboratory screening
procedure is not possible. Various specific methods for detection have been developed in recent years. Table 51.12 summarises the major active compounds and the most common
detection methods of the plants described in this chapter.
Methods for detection of natural poisons include high per
formance liquid chromatography (HPLC),liquid chromatography–
mass spectrometry (LC-MS), gas chromatography-mass
spectrometry (GC-MS) and various immunoassay techniques.
The use of HPLC is common for detection of compounds like
aconitine and colchicine. In more recent times, the modern and
more sensitive LC-MS techniques have been applied to many
naturally occurring substances, especially if low concentrations
have to be detected. The use of GC-MS techniques is applicable
if the substances are thermostable and provides a powerful tool
for detection of alkaloids like atropine and cathinone. LC-MS
techniques have developed to be the preferred choice for the
detection of low concentrations in blood.
The use of immunoassay techniques is possible for some
poisonous compounds of herbal origin. It has been shown that
the cardiac glycosides of oleander can be detected using an
immunoassay technique for cardiac glycosides. As immunoassay techniques are not able to differentiate between the
cardiac glycosides, confirmation of the natural poison is often
required. Detection methods using immunoassay techniques
were also developed for the proof of a death cap poisoning.
Amanitin can be detected in urine up to 24 hours after ingestion by use of immunoassay techniques.
A postmortem detection of the natural poisons is often challenging. Some toxins like amanitin are unlikely to be detected
in the postmortem specimen because death occurs many days
after ingestion.

51.7.3 Summary
Severe and fatal plant and mushroom poisonings are relatively
rare. The diversity of poisonous compounds and their widespread occurrence in plants and fungi makes a comprehensive
list of dangerous flora impossible. Despite the large number of
natural poisons, the majority of severe and fatal cases are
limited to a small number of plants and mushrooms. These
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Table 51.12 List of common natural poisons and their sources including the botanical names, common English names, the corresponding
main toxic compounds and the common detection of these compounds in biological fluids.
Scientific name

Common English names

Main toxic compound(s)

Common detection
in biological fluids

Aconitum napellus

Aconite, Monkshood, Wolf’s bane

Aconitine

HPLC, LC-MS

Amanita phalloides

Death cap

Amanitine

Immunoassay, LC-MS

Atropa belladonna

Belladonna, Deadly nightshade, dwale

Hyoscyamine, scopolamine

GC-MS, LC-MS

Catha edulis

Kath, quat

Cathinone

GC-MS, LC-MS

Colchicum autumnale

Autumn crocus, Meadow saffron, Naked lady

Colchicine

HPLC, LC-MS

Conium maculatum

Hemlock, poison hemlock

Coniine

GC-MS, LC-MS

Datura stramonium

Angel’s trumpet, Jimson’s weed, thornapple

Hyoscyamine, scopolamine

GC-MS, LC-MS

Nerium oleander

Laurier rose, oleander

Oleandrine

Immunoassay, LC-MS

Taxus baccata

European yew, yew

Taxine B

LC-MS

GC, gas chromatography; HPLC, high performance liquid chromatography; LC, liquid chromatography; MS, mass spectrometry.

poisonings can occur either after unintentional or intended
ingestion, as well as after abuse for their hallucinogenic effects.
Due to the chemical diversity of natural poisons, the analytical
detection of a poisoning from an unknown plant or fungus can
be a challenge for toxicologists.

51.8 Pesticides and insecticides
Helena Teixeira
Pesticides are, undoubtedly, the largest group of potentially
toxic chemicals purposefully introduced into the environment,
involving a wide variety of substances used, in most countries
around the world, to protect agricultural and horticultural
crops against damage. They are also used at home and at work
to insure a pest-free environment (Teixeira et al. 2004). Pesticides have been used in some crude form since early times, but
the modern use of synthetic pesticides began in the early to
mid-twentieth century (Barr and Needham 2002). More than
a thousand pesticides are available and widely used in the world
today, being some of the commercial formulations mixtures
of pesticides from different classes, and additionally, several
hundred compounds that are no longer manufactured or
marked for crop protection use still remain in people’s houses.
Most poisonings by pesticides occur as a result of misuse or
accidental exposure. At home, poisoning usually occurs by oral
ingestion (voluntary or not) and occupational users most frequently encounter dermal exposure or inhalation (Lifshitz et al.
1999).
It is important to understand that, despite the modern day
development of second and third generation derivatives of the
early chemical pesticides, all of them possess an inherent degree
of toxicity to some living organism. In fact, there is no completely safe pesticide. There are, however, pesticides that can be

used safely and/or present a low risk level to human health
when applied with proper attention to the label’s instructions
(Ecobichon 1996). The same classes of pesticides are used all
over the world, but conditions of use vary widely, and public
perceptions of risk vary even more widely. The large variety of
chemical compounds that show pesticide properties means that
there is a very wide range of toxicity in humans. Pesticide residues in commercially traded foodstuffs are subject to international standards and are closely monitored. Hence, risks to
consumers from such foods are negligible. The major hazards
are poisonings associated with high acute/chronic exposures
due to occasional pesticide misuse by operators. In addition,
pesticides provide a convenient means of attempting suicide in
agricultural areas (Ray 2000). Overall, pesticides account for a
small but increasing number of human intoxication cases,
which are not always well diagnosed or documented. Furthermore, the acute lethal doses of many pesticides in humans
remain to be established (Lacassie et al. 2001). Within a particular class of pesticide, the lethal dose may vary considerably.
Moreover, the metabolites of many pesticides are much more
toxic than the parent compounds. The commercially available
preparations usually contain an active substance mixed with
filler (solids) or dissolved in an organic solvent (liquids) and
although pesticides are unlikely to cause acute toxicity, the
vehicle in which they are formulated (e.g. toluene, xylenes,
cyclohexanone, farbasol and solvent naphtha) may itself be
toxic and, in some cases, can be the main causative agent for
the observed symptoms (Chlobowska et al. 1996).
The pesticides have been classified into five groups (extremely
hazardous, highly hazardous, moderately hazardous, slightly
hazardous and products unlikely to present acute hazard in
normal use) according to WHO toxicity classification for estimating the oral acute toxicity of pesticides (Tomlin 2000). Toxicity was determined on the basis of the median lethal dose
(LD50) for the rat and the estimated lethal doses related to a
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70 kg person. However, realistic human lethal doses of pesticides can only be estimated on the basis of well-documented
cases of poisoning (Kata 2004). The main trouble pesticides
cause with regard to acute poisoning have been organochlorines (OC), organophosphates (OP), carbamates and paraquat
(Eddleston 2000; Wesseling et al. 2001a).
In this section it is not possible to give more than an outline
of the toxicology of the main groups of pesticides, pointing out
some of their particular aspects, and thus, pesticides will be
divided, according to their use characteristics, into insecticides,
herbicides, fungicides and rodenticides.

51.8.1 Insecticides
All the chemical insecticides in use are neurotoxicants and act
by poisoning the nervous systems of the target organisms. The
insects’ CNS is highly developed and not unlike that of
mammals. While the peripheral nervous system of insects is not
as complex as that of mammals, there are striking similarities
(O’Brien 1960). Given the fact that insecticides are not selective
and affect non-target species as readily as target organisms, it
is not surprising that a chemical that acts on the insect nervous
system will elicit similar effects in higher forms of life. The
target sites and/or mechanisms of action may be similar in all
species and only the dosage (level of exposure and duration)
will dictate the intensity of biological effects (Ecobichon 1996).
When properly applied, the insecticide amount that is delivered
to the target organism is at lethal concentration, whereas the
dose delivered to non-target organisms is hopefully below the
threshold of toxicity. Because of this reliance on dose for target
organism specificity, the potential for toxic effects in humans
must always be considered when insecticide exposures occur.
The main groups of insecticides are:
• Organochlorines.
• Anticholinesterases:
○ organophosphates;
○ carbamates.
• Pyrethroids.
• Neonicotinoids.

Organochlorines
The OC insecticides may be grouped into three main
classes: the dichlorodipheenylethanes (e.g. DDT, DDD, dicofol,
etc.), the chlorinated cyclodienes (e.g. aldrin/dieldrin, heptachlor, etc.) and the hexachlorocyclohexanes (lindane). The
introduction of these chemicals marked the beginning of the
modern agricultural era in which a reliance on synthetic chemical insecticides became ever more important. Beyond immediate impacts on agricultural production, the use of DDT and
other OC insecticides has been widely credited with saving possibly millions of lives due to the suppression of insect vectors
for diseases such as malaria, dengue fever, filiariasis and typhus
(Moses 1980; Joy 1982).
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The properties (low volatility, chemical stability, lipid solubility, slow rate of biotransformation and degradation) that
made these chemicals such effective insecticides also brought
about their demise because of their persistence in the environment, bioconcentration and biomagnification within various
food chains. OC pesticides are considered persistent pesticides.
These pesticides have long environmental half-lives and tend to
bioaccumulate in humans and other animals and thus biomagnify up to 70 000 times in the food chain (Niethammer et al.
1984; Albanis et al. 1996; Nendza et al. 1997; Strandberg et al.
1998; Borga et al. 2001). Because migratory birds and other
animals are at the top of the food chain, they carry these persistent compounds with them wherever they go and are then transferred to the very top of the food chain, humans (Bro-Rasmussen
1996). The most prominent effects of the OC are seen in the
CNS due to induced electrical activity changes (Burchfiel et al.
1976). DDT produces tremor and incoordination in low doses,
and convulsions in high doses, whereas hexachlorocyclohexanes and the cyclodienes may produce convulsions as the first
sign of intoxication, together with fever, by a central effect.
As far as mechanisms are concerned, much of the work on
OCs has been carried out on DDT, which appears to act by
altering Na+ and K+ flux across nerve cell membranes. OC insecticides were the first synthetic pesticides introduced on a large
scale in agriculture in developing countries after the Second
World War. The International Program of Chemical Safety of
the World Health Organization (IPCS-WHO) classified these
compounds as moderately (e.g. DDT, endosulfan, toxaphene),
highly (e.g. aldrin, dieldrin, endrin) or extremely toxic (e.g.
hexachlorobenzene or HCB). Today, most OC insecticides are
banned or severely restricted, including in developing countries, because of environmentalists who successfully lobbied
that their persistence and bioaccumulation implied unacceptable long-term environmental concerns. OC poisoning is not
common today, except for the insecticide endosulfan, which is
an acknowledged cause of severe and fatal poisoning in developing countries (Eddleston 2000; Oktay et al. 2003; Roberts
et al. 2003). Conversely, despite the ban on their use in North
America and Europe, OC insecticides are extensively used
in developing nations because they are inexpensive to manufacture, highly effective, and relatively safe and thus, these insecticides are still important toxicologically. OC poisoning is
treated symptomatically, and diazepam is usually used for the
convulsions.

Anticholinesterases
The agents comprising this type of insecticide have a common
mechanism of action but arise from two distinctly different
chemical classes: the esters of phosphoric or phosphorothioic
acid and those of carbamic acid. During the 1960s and 1970s,
OP and subsequently carbamate insecticides were introduced
on the world market on a large scale. These cholinesterase
inhibiting pesticides, with a more rapid break down than OC,
were assumed to be less environmentally damaging but are, in
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general, even more acutely toxic. They have been classified by
the IPCS-WHO as moderately (e.g. chlorpyrifos, carbofuran),
highly (e.g. methamidophos, methomyl) or extremely toxic
(e.g. terbufos, aldicarb). Poisonings with cholinesterase inhibiting pesticides have been documented over the years, intentional
as well as occupational and accidental poisonings, and among
adults and children (Jeyaratnam et al. 1987; Eddleston 2000;
Rosenthal 2003). Many of these pesticides have been severely
restricted in industrialised countries, and several are not allowed
for use in the European Union (e.g. monocrotophos, temephos,
phorate, propoxur; and terbufos and aldicarb are allowed only
temporarily for restricted purposes). However, there are a few
examples of bans of OPs and carbamates in developing countries. OP and carbamate poisonings continue to be a frequent
cause of pesticide poisoning in developing countries (Eddleston 2000; Wesseling et al. 2001a; Henao and Arbelaez 2002), OP
pesticide self-poisoning being an important clinical problem in
rural regions of the developing world, killing around 200 000
people every year. Unintentional poisoning kills far fewer
people but is an apparent problem in places where highly toxic
OP pesticides are available. Neurological dysfunction is the best
documented health effect of pesticide exposure. High level
exposure has both acute and long-term neurological signs and
symptoms, and adverse effects have been reported in most type
of pesticides, including OPs, carbamate, OCs, and pyrethroid
insecticides, herbicides and fungicides. Acute OP pesticide
exposure can involve a wide range of both central and peripheral neurological symptoms. Increased neurological symptom
prevalence may provide early evidence of neurological dysfunctions, before clinically measurable signs are evident (Rastogi
et al. 2010).

Organophosphorus insecticides and
carbamate insecticides
Organophosphate insecticides are involved in human poisoning more frequently than any other group. Although it is true
that all of the organophosphorus esters were derived from
‘nerve gases’ (such as soman, sarin and tabun), the insecticides
used today are at least four generations of development away
from those highly toxic chemicals (Sidell 1974). OP pesticides
remain a potential concern to human health because of their
continuing use worldwide. The first compound to be commercially used was tetraethylpyrophosphate (TEPP) (Ecobichon
1996).
OPs comprise a phosphate (or thio- or dithiophosphate)
moiety and an organic moiety. In most cases, the phosphate
moiety is O,O-dialkyl substituted. These pesticides are potent
cholinesterase inhibitors and can reversibly or irreversibly bind
covalently with the serine residue in the active site of acetylcholinesterase (AChE) preventing its natural function in catabolism of neurotransmitters. This action is not unique to insects,
but can produce the same effects in wildlife and humans. Once
human exposure occurs, OP insecticides are usually metabolised to the more reactive oxon form which may bind to

cholinesterase or be hydrolysed to a dialkyl phosphate and a
hydroxylated organic moiety specific to the pesticide. As a result
of binding to cholinesterase, the organic portion of the molecule is released. The cholinesterase-bound phosphate group
may be ‘aged’ by the loss of the O,O-dialkyl groups, or may be
hydrolysed to regenerate the active enzyme (Barr and Needham
2002). Phosphororthioate OP, like chlorpyrifos and parathion,
are directly activated and detoxified by various cytochrome
P450s (CYPs), with the primary CYPs involved being CYP2B6
and CYP2C19 (Foxenberg et al. 2011).
The mechanism by which the organophosphorous and carbamate ester insecticides elicit their toxicity is identical and is
associated with the inhibition of the nervous tissue AChE, the
enzyme responsible for the destruction and termination of the
biological activity of the neurotransmitter acetylcholine (ACh).
The signs of toxicity include those resulting from stimulation
of the muscarinic receptors of the parasympathetic autonomic
nervous system (e.g. bronchoconstriction, miosis, diarrhoea,
bradycardia), those resulting from the stimulation and subsequent blockage of nicotinic receptors (e.g. causing tachycardia,
hypertension, muscle fasciculations, tremors) and those resulting from effects on the CNS (e.g. restlessness, ataxia, lethargy,
mental confusion, convulsion, coma) (Ecobichon 1996). In a
recent study Rastogi et al. (2010) concluded that the high frequency of neurological symptoms observed were due to parasympathetic hyperactivity due to the accumulated ACh resulting
from AChE inhibition. Among all the neurological self-reported
symptoms, headache, watering of the eyes and burning sensation in the eye/face were the most important clinical manifestations attributed to OP pesticide exposure, these symptoms
being a probable consequence of chronic effects of most pesticides on the CNS. The muscarinic symptoms reported
maximum prevalence of salivation, followed by diarrheoa and
the nicotinic clinical manifestations of acute OP poisoning
revealed excessive sweating and tremors, followed by mydriasis.
The characteristic cholinergic symptoms, such as insomnia,
headache, muscle cramps, weakness and anorexia, were also
reported by both male and female exposed children (Rastogi
et al. 2010). The signs and symptoms of acute intoxication by
carbamates are similar to those described for OP, differing only
in the duration and intensity of the toxicity.
Carbamate insecticides have the same mechanism of toxicity
action as the OP insecticides, except their effects are more
reversible and less severe (Barr and Needham 2002). In general,
almost all of the symptomology that characterises the acute
toxicities of OP compounds are the same for carbamates and
the most prominent difference between the two is the duration
of action. Carbamoylated cholinesterases are unstable and reactivation to the uninhibited enzyme is rapid, occurs spontaneously and thus, the treatment for carbamate poisoning is not
identical to treatment for OP poisoning (Garber 1987; Sterling
et al. 1988). However, aldicarb, an insecticidal carbamate, can
be one of the few pesticides that has given rise to poisoning in
consumers of treated food, although few cases of aldicarb poisoning have been described, eight non-lethal and two reporting
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a fatal intoxication (Proença 2004). The treatment of OP poisoning involves symptomatic treatment and the use of antidotes. Atropine, an anticholinergic compound, and an oxime
enzyme reactivator such as pralidoxime chloride or obidoxime
is used, while convulsions and muscle fasciculation respond to
diazepam. Atropine is effective in carbamate poisoning but
oximes are less so, and there is some evidence that, with certain
carbamates, oximes are harmful (Bismuth et al. 1992). In a very
recent study, the effectiveness and safety of some particular
interventions in this type of intoxication are stated, such as
activated charcoal (single or multiple doses), α2-adrenergic
receptor agonists, atropine, benzodiazepines, butyrylcholinesterase replacement therapy, cathartics, extracorporeal clearance,
gastric lavage, glycopyrronium bromide (glycopyrrolate), ipecacuanha (ipecac), magnesium sulphate, milk or other home
remedy immediately after ingestion, N-methyl-D-aspartate
receptor antagonists, organophosphorus hydrolases, oximes,
removing contaminated clothes and washing the poisoned
person, and sodium bicarbonate (Blain 2011).

Pyrethroid insecticides
The newest major class of insecticides is the synthetic pyrethroids, a group of chemicals entering the marketplace in 1980
(Anon. 1977; Vijverrberg and van den Bercken 1982). Pyrethrins,
as one of the six natural esters of pyrethrum (pyrethrin I/II,
jasmolin III and cineriins I/II), as well as synthetic pyrethroids,
such as cyfluthrin, cypermethrin, deltamethrin and permethrin, are among the insecticides most often used worldwide. For
humans, these insecticides are much less toxic than other insecticides (Leng and Gries 2005). Nevertheless, following acute
exposure to pyrethroids, a variety of human health effects such
as dizziness, nausea, loss of appetite, headache and paraesthesia
have been reported (Knox 1984; He et al. 1989; Chen et al.
1991).
The advantageous properties of the synthetic pyrethroids
result from the fact that they hydrolyse relatively easily, both in
the mammalian body and in the environment. Consequently,
bioaccumulation does not occur and they do not persist in soils.
However, some pyrethroids are potent allergens and allergic
rhinitis, asthma and extrinsic allergic alveolitis have been
reported. The pyrethroids are neurotoxic by virtue of their
action on voltage-dependent sodium channels (Vijverrberg and
van den Bercken 1990), but pathological changes underlying
the neurotoxic effects are scanty (Aldridge 1990). Despite the
findings in the central and peripheral nervous systems of
animals, in humans the most prominent effect of the pyrethroids is to cause paraesthesia, mainly in the face, these effects
being probably caused by repetitive firing of sensory nerve
endings (Aldridge 1990).
Specific treatment of the effects of synthetic pyrethroids is
rarely necessary as systemic effects are very unusual in humans.
Rapid hydrolysis by esterases means that any effects would be
expected to be of short duration. Nevertheless, cases of severe
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poisoning with pyrethroids have been reported from some
countries and a few deaths have been recorded (He et al. 1989).

Neonicotinoids
Neonicotinoids are among the most widely used insecticides
worldwide, but recently the uses of some members of this class
have been restricted in some countries due to a possible connection to honey-bee colony collapse disorder, imidacloprid
(1-(6-chloro-3-pyridylmethyl)-N-nitroimidazolidin-2ylideneamine) being the most important systemic insecticide
in this class with a wide diversity of uses: in agriculture, on
turfs, on pets and for household pests. Imidacloprid (Proença
et al. 2005) acts on the CNS, as an agonist at the nicotinic acetylcholine receptor (nAChR) causing its blockage. This insecticide is metabolised by human cytochrome P450 isozymes
involving two pathways, imidazolidine hydroxylation and
desaturation to give 5-hydroxyimidacloprid and the olefin,
respectively, and nitroimine reduction and cleavage to yield the
nitrosoimine, guanidine and urea derivatives (Schulz-Jander
and Casida 2002). Imidacloprid is quickly and almost completely absorbed after ingestion and degraded to 6-chloronicotinic
acid, which may be conjugated with glycine and then eliminated or reduced to guanidine. About 70–80% of an administered dose may be excreted in urine and 20–30% in faeces
(Proença et al. 2005).

51.8.2 Herbicides
A herbicide may be defined as any compound that is capable
of either killing or severely injuring plants and may be used for
the elimination or plant growth or the killing off of plant parts
(Jager 1983).
The main groups of herbicides discussed here are:
• Chlorophenoxy compounds.
• Bipyridyl derivatives.
• OP herbicides.

Chlorophenoxy compounds
A large number of herbicides are made from a structural base
that includes the chlorophenoxy chemical moiety. Usually
these substances are the metal salts, alkylamine salts or
esters, although the most toxic form is the acid metabolite
(Harris and Solomon 1992). The best known herbicides
of this group are 2,4-dichlorophenoxyacetic acid (2,4-D),
2,4,5-trichlorophenoxyacetic acid (2,4,5-T), mecoprop and
fenoprop.
These herbicides are well absorbed by all pathways (Arnold
and Beasley 1989), few suffer metabolism, being eliminated in
urine in its unchanged form. Generally, they are considered to
be moderately toxic substances, the chloracne being the most
frequent toxic effect observed (Guevara and Pueyo 1995).
When animals are repeatedly exposed to small doses of the
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chemicals, they usually suffer from loss of appetite, loss of
weight, vomiting, depression and muscular weakness. At doses
causing toxicity, few specific signs other than muscular and
neuromuscular involvement are observed although tenseness,
ataxia and paralysis can be reported. Although there is no epidemiological evidence in humans, it is suspected that these
compounds can be carcinogenic, teratogenic and immunosuppressive (Smith and Christophers 1992).

Bipyridyl derivatives
One chemical class of herbicides deserving of particular attention is the bipyridyl group, specifically paraquat (1,1′-dimethyl4-4′-bipyridylium dichloride, methyl viologen) and diquat
(1,1′-ethylene-2,2′-bipyridylium dibromide).
Paraquat is responsible for thousands of deaths worldwide,
mostly intentional but also occupational and accidental among
adults and children (Wesseling et al. 2001b). This agent, a nonselective contact herbicide, is one of the most specific pulmonary toxicants known and has been the subject of intensive
investigation due to the unforeseen toxicity observed in humans.
A high mortality rate is encountered in poisoning cases.
Paraquat has been banned or severely restricted in many countries due to the debilitating hazards from occupational exposure and the large number of reported accidental and suicidal
fatalities (Tinoco et al. 1993). In 2003, the European Commission’s Standing Committee on the Food Chain and Animal
Health approved the use of paraquat in European Union countries, despite disagreement of several Member States (Dinham
2004). Paraquat toxicity is targeted primarily at the lung, producing an acute alveolitis followed by fibrosis. Death is usually
due to respiratory failure but the liver, kidney and gastrointestinal tract are also damaged (Bauman et al. 1992; Wang et al.
1992).
The analogue diquat is considerably less potent than
paraquat, but can nonetheless cause severe acute and chronic
poisoning, but it is believed that the difference between paraquat
and diquat is an indirect result of the fact that the lung selectively accumulates paraquat and not diquat (Smith et al. 1990).
It has been suggested that the biochemical reactions that lead
to the destructive effect of paraquat are analogous to its toxic
action on plant cells (Bus et al. 1977). Reduced paraquat is
rapidly reoxidised by molecular oxygen forming superoxide
radicals (Sata et al. 1992) that, in the presence of transition state
metals initiate a chain of reactions that produce toxic reactive
intermediates, including hydrogen peroxidation (Iannone et al.
1991). It is believed that these toxic intermediates are responsible for the disruption of cellular membranes during the
destructive phase of pulmonary injury. In addition, it is possible that paraquat competes for and deprives other systems of
essential reduced form nicotinamide adenine dinucleotide
phosphate (NADPH) and compromises their cellular integrity.
Both types I and II alveolar cells, as well as the Clara cells, are
destroyed. Associated with this process, it has been noted that
the lung tissue accumulates paraquat by a saturable uptake

process (Smith 1982). In experimental animals, the main result
of paraquat toxicity seen histologically is a proliferative pneumonitis with fibroblasts, alveolar oedema, perivascular and
peribronchial oedema and the accumulation of neutrophils
and macrophages (Schoenberger et al. 1984). Poisoning with
paraquat in humans initially produces damage to the gastrointestinal tract, including the mouth and pharynx, and to the liver
and kidneys. Often partial recovery occurs and then from 10
days onwards clinical signs and symptoms referable to the respiratory tract develop (Higenbottam et al. 1979) and death
normally occurs from respiratory failure. There is no effective
treatment for paraquat-induced lung damage and the only
effective measures involve the prevention of absorption of the
herbicide from the gastrointestinal tract.
As mentioned, diquat is slightly less toxic than paraquat,
probably also because it is poorly absorbed from the gastrointestinal tract. Following acute, high dose exposure or chronic
exposure of animals to diquat, the major target organs are the
gastrointestinal tract, the liver and the kidneys. Diquat and
paraquat have similar chemical and physical properties and are
almost identical in their herbicidal actions. The primary difference between the two is the fact that the energy-dependent
system that causes paraquat to accumulate selectively in the
lung at concentrations much higher than it does in other tissues
is not operative for diquat, and therefore, the lung is not the
target organ for diquat toxicity. The mechanism of action is
believed to be the same as that of paraquat (Tomita 1991; Tsang
et al. 1991).

Organophosphate herbicides
Two groups of OP, both of which have a low or non-existent
ability to produce cholinesterase inhibition, are used as herbicides. Glyphosate (N-(phosphonomethyl) glycine) is an inhibitor of amino acid synthesis in plants. In mammals, it appears
to be very non-toxic (Atkinson 1985), where poisonings have
usually shown that high doses are necessary to produce fatality.
However, the lethal dose in humans seems to be somewhat
variable, with some patients surviving doses that were fatal in
others. Massive overdose of glyphosate produces gastric irritation, hypotension and pulmonary insufficiency, for which other
constituents of the formulation may be to blame (Talbot et al.
1991). Glufosinate or its ammonium salt DL-phosphinothricin
is also an example of this group, being an active ingredient in
several non-selective systemic herbicides that can interfere with
the biosynthetic pathway of the amino acid glutamine and with
ammonia detoxification. S,S,S-tributyl phosphorotrithioate
(DEF) and S,S,S-tributyl phosphorotrithioite (merphos) are
OPs that are used as defoliants because they produce leaf
abscission.

51.8.3 Fungicides
Fungicidal chemicals are derived from a variety of structures
ranging from simple inorganic compounds, such as sulphur
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and copper sulphate, through the aryl- and alkylmercurial
compounds and chlorinated phenols to metal-containing
derivatives of thiocarbamic acid.

as maneb, are able to alter testosterone production, at least in
part, through inhibition of CYP11A1 activitiy (Manfo et al.
2011).

Hexachlorobenzene

Phtalimides

Like the OC insecticides, hexachlorobenzene (HCB) possesses
all the properties of chemical stability and environmental persistence, a slow rate of degradation, slow metabolism, bioaccumulation in adipose tissue and other organs having a high
content of lipid membranes, and the ability to induce tissue
microsomal monooxygenase enzymes. Chronic exposure of
animals resulted in hepatomegaly and porphyria, and focal alopecia with dermal itching and eruptions followed by pigmented
scars, anorexia and neurotoxicity expressed as increased irritability, ataxia and tremors. Immunosuppression was observed in
both mice and rats, and a dose-dependent increase in hepatic
and thyroid tumours was observed in hamsters during a chronic
study (Lambrecht et al. 1982).

This class of compounds, more properly termed chloroalkylthiodicarboximide chemicals, includes captan, folpet and captafol.
Although the mechanism(s) by which captan and its analogues
exert their cellular toxicity is not known, it has been demonstrated that captan reacts with cellular thiols to produce thiophosgene, a potent unstable chemical.

Pentachlorophenol
Once used in tremendous volumes as a biocide in leather
tanning, wood preservation, the paper and cellulose industry
and in paints, pentachlorophenol (PCP) has been phased out of
use because of the discovery that many commercial products
were contaminated by polychlorinated dibenzodioxins and
dibenzofurans, predominantly by hexachlorinated, heptachlorinated and octachlorinated congeners. PCP is readily absorbed
through skin and human poisoning occurs, usually associated
with occupational exposure and instances of sloppy handling
and neglect of hygienic principles (Jorens and Schepens 1993).
High level exposure can result in death preceded by an elevated
body temperature, profuse sweating and dehydration, marked
loss of appetite, decrease in body weight, tightness in the chest,
dyspnoea following exercise, rapid pulse, nausea and vomiting,
headache, incoordination, generalised weakness and early coma.

Dithiocarbamates
The ethylenebisdithiocarbamate (EBDC) class of fungicides
includes a number of structurally similar compounds which
differ by the metal cation to which the basic dithiocarbamate
structure is complexed. The dithiocarbamates include two main
groups of fungicides, the dimethyl dithiocarbamates thiram
and ziram and the EBDCs maneb and zineb, the latter group
being metabolised to ethylene thiourea. The dithiocarbamates
are generally not highly toxic in acute exposure. The chronic
toxicity of EBDCs can be attributed to a common metabolite,
ethylene thiourea (ETU), which is formed through metabolic
pathways in both plants and animals and during the processing
of foods. A notable feature of them is that some are teratogenic
(Hill et al. 1989). Other studies suggest that some of them, such

51.8.4 Rodenticides
Although it is not a very orthodox classification, rodenticides
are generally divided into two groups. The first is the quick
action rodenticides, like phosphine, cyanide, strychnine and so
on, which, in the first days of its application produces the death
of rodent colonies. These rodenticides are typically applied
during the first few days, either in the form of poisoned baits
or fumigation. The second group is the slow acting rodenticides, which cause death after several days of ingestion (e.g.
anticoagulants) (Guevara and Pueyo 1995).
The agents used constitute a diverse range of chemical structures having a variety of mechanisms of action for at least
partially successful attempts to attain species selectivity. Rodenticides have historically been common agents in attempted suicides. As most rodenticides in the USA are superwarfarins,
these ingestions are generally managed conservatively with
close monitoring for coagulopathy, and if necessary, correction
of any resulting coagulopathy. However, alternate forms of
rodenticides are imported illegally into the USA and may be
ingested either accidentally or in suicide attempts (Waseem
et al. 2010).

Anticoagulants
The anticoagulant rodenticides are the most commonly used
(Guevara and Pueyo 1995). They all act as antagonists of
vitamin K, required for the biosynthesis of prothrombin. If the
inhibition of prothrombin synthesis is maintained for several
days, by repeated doses, the anticoagulant activity could cause
haemorrhage through the entire body. Repeated dosing is
required because warfarin is readily inactivated by the cytochrome P450 enzymes of the liver and other organs, and
because inhibition of synthesis must be maintained long
enough for sufficient depletion of prothrombin. Human poisoning by these agents is rare because they are dispensed in
grain-based baits. However, there are sufficient numbers of
suicide attempts, attempted murders. Generated haemorrhagic
diatheses with epistaxis, mucosal bleeding, rectal bleeding and
haematuria are some of the clinical symptoms (Barnett et al.
1992). Biopathologically, the indexes that are first altered are
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the prothrombin time (PT) and partial thromboplastin time
(PTT), which have their normal values increased. However,
clotting times and bleeding are later affected. In cases of poisoning, gastric lavage should be performed, and vitamin K must
be administered, either i.v. or i.m. or as an emulsion. All patients,
to whom PT (or PTT) normal values are increased to double
or more, must have the administration of 5–10 mg vitamin K
i.v. In these patients, it is necessary to continue vitamin K
administration until the toxic substance is completely eliminated, which may take several days.
Brodifacoum, one of the most popular second generation
warfarins, has a potency about 200-fold that of warfarin and a
half-life about 60 times longer (Kruse and Carlson 1992).

Strychnine
Strychnine is an alkaloid, obtained from the seeds of Strycnos
nux-vomica and other Strychnos varieties including Loganiacae.
In its pure form, usually as nitrate, phosphate or sulphate, it
appears as white-transparent crystals, intensely bitter. The free
alkaloid is very soluble in alcohol and organic solvents, while
its salts are poorly soluble but highly soluble in water (Guevara
and Pueyo 1995). Although ingested, strychnine is distributed
to the liver and kidney in large amounts, its primary action is
in the spinal cord. It selectively blocks neuronal excitability and
causes sensory stimuli to produce exaggerated reflex actions.
Generalised convulsions occur within 15–30 min after ingestion
(Pei 1992). Death usually is due to medullary paralysis brought
on by impaired respiration. Diazepam (antagonistic to depression) is the most effective treatment. Emptying of the stomach
is contraindicated because it can precipitate convulsions.

51.9 Doping
Mario Thevis and Wilhelm Schänzer
Analytical approaches in toxicology, forensics and sports drug
testing share various common aspects, particularly concerning
the instrumentation employed for unambiguous substance
identification, as well as a series of compounds of considerable
relevance for all these disciplines (Maurer 2006; Thevis 2010;
Meyer and Maurer 2011; Thevis et al. 2011b). Nevertheless,
specific requirements distinct to toxicology, forensics or doping
controls are present, and selected aspects peculiar to sports
drug testing will be outlined and discussed in this chapter.

51.9.1 Specific aspects of doping controls
Banned substances and methods of doping
Banned substances and methods of doping are defined in the
Prohibited List issued annually by the World Anti-Doping
Agency (WADA). In the 2011 Prohibited List (WADA 2011a),

10 categories of banned substances and three groups of prohibited methods are presented, including examples of representative compounds for each category and the addendum that
‘substances with similar chemical structure or biological
effect(s)’ as well as releasing factors of, for example, peptide
hormones are prohibited. The categories of the 2011 Prohibited
List are summarised in Table 51.13, outlining also the legitimate
use of selected substances by athletes in out-of-competition
periods. While stimulants, narcotics, β-receptor blocking
agents, diuretics, cannabinoids and so on, represent common
grounds for forensic, toxicological and doping control analysis,
the detection of peptide hormones such as erythropoietin
(EPO) and its analogues, human growth hormone (hGH),
insulins, the insulin-like growth factor-1 (IGF-1) and its derivatives, gene doping (e.g. transfer of nucleic acids or nucleic
acid sequences), metabolic modulators such as peroxisome
proliferator-activated receptor (PPAR) δ-agonists (e.g.
GW1516) as well as adenosine monophosphate-activated
protein kinase (AMPK)-axis agonists (e.g. 5-aminoimidazole4-carboxamide ribonucleotide or AICAR), are predominantly
of interest in antidoping analyses. Here, the general interdiction
of non-approved substances (category S0 of the WADA Prohibited List) is of great importance as the misuse of discontinued
or experimental drug candidates has been reported on various
occasions. Moreover, the determination of anabolic-androgenic
steroids (AASs) of natural and xenobiotic structure and blood
transfusions has been a major aspect of past and present antidoping measures.

Available matrices
In contrast to clinical and (forensic) toxicology, sports drug
testing relies almost exclusively on urine and blood or serum.
Since doping controls were installed and systematically pursued
in 1967 (Clasing 2004), urine samples have been the preferred
matrix for sports drug testing purposes particularly because
most low molecular mass analytes (e.g. stimulants, AASs and
related metabolites, diuretics, etc.) are present in much higher
concentrations in urine than in blood. In addition, the retrospective determination of drug abuse (e.g. by means of longterm metabolites) is offered by urine specimens rather than
blood samples, enabling, for instance, the detection of AASs
administration up to weeks after drug cessation (Schänzer et al.
2006).
However, the value of blood sampling in a doping control
setting was soon recognised (Donike 1976) and complementary
specimens were appreciated since blood offers the option to
analyse for peptide hormones that are not (or not sufficiently)
excreted into urine, it provides a genetic fingerprint (if sample
authenticity is questioned), manipulation of samples is rather
unlikely (compared to urine substitution by catheterisation or
tampering), and haematological parameters are available supporting the detection of various methods of blood doping
(Donike et al. 1994; Saugy et al. 2009; Sottas et al. 2010a). Initiated by the Fédération Internationale de Ski (FIS) in 1988,

Non-approved
substances

Anabolic agents

Hormones and
related
substancesa

β2-Agonists

Hormone
antagonists and
modulators

S0

S1

S2

S3

S4

Class

Chorionic gonadotrophin (CG) and luteinising
hormone (LH)b
Insulins
Corticotrophins
Growth hormone (GH), insulin-like growth factors
(e.g. IGF-1), mechano growth factors (MGFs),
platelet-derived growth factor (PDGF), fibroblast
growth factors (FGFs) vascular-endothelial
growth factor (VEGF), hepatocyte growth factor
(HGF)

2

4
5

Aromatase inhibitors

Selective oestrogen receptor modulators (SERMs)
Other antioestrogenic substances
Agents modifying myostatin function(s)

1

2
3
4

3

Erythropoiesis-stimulating agents

Other anabolic agents

(b) endogenous

Anabolic androgenic steroids
(a) exogenous

1

2

1

Subgroup

Raloxifene, tamoxifen, toremifene
Clomiphene, cyclophenil, fulvestrant
Myostatin inhibitors

Anastrozole, letrozole, exemestane, formestane,
testolactone

Fenoterol, reproterol, brombuterol, bambuterol

LisPro (Humalog), Aspart (Novolog), Glulisine
(Apidra), rh insulin
Tetracosactide-hexaacetate (Synacthen),
adrenocorticotrophic hormone (ACTH)
Genotropin, Increlex

Erythropoietin (EPO), darbepoietin (dEPO),
methoxy polyethylene glycolepoetin beta (CERA),
hematide

1-Androstendiol, boldenone, clostebol, danazol,
methandienone, methyltestosterone,
methyltrienolone, stanozolol,
tetrahydrogestrinone
Androstenediol, testosterone,
dehydroepiandrosterone, 19-norandrosterone
Clenbuterol, selective androgen receptor
modulators (SARMs), tibolone, zeranol, zilpaterol

Rycals (S107)

Examples

x

x

x

x

x

At all
times

Prohibited

Table 51.13 Overview of prohibited substances and methods of doping according to the World Anti-Doping Agency (WADA) Prohibited List of 2011.

(Continued)

In-competition
only
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Stimulants

S6

Gene doping

Alcohol

β-blockers

P1

P2

Transfer of nucleic acids or nucleic acid
sequences
Use of normal or genetically modified cells
Use of agents that modify gene expression

1

2
3

Intravenous infusion
Sequential withdrawal, manipulation and reinfusion
of whole blood

2
3

b

Acebutolol, atenolol, bisopropol, metoprolol

GW1516, AICAR

DNA, RNA

Ultraviolet-activated autochemotherapy

Catheterisation, urine substitution, alteration

M3

Tampering

1

Chemical and
physical
manipulation

M2

Artificial enhancement of uptake, transport or
delivery of oxygen

2

Autologous, homologous and heterologous blood,
red blood cell products
Perfluorocarbons (PFCs), efaproxiral, haemoglobinbased oxygen carriers (HBOCs)

Enhancement of
oxygen transfer

M1

Blood doping

Betamethasone, dexamethasone, prednisolone,
fluocortolone

Glucocorticosteroids

S9
1

Buprenorphine, fentanyl, morphine
Hashish, marijuana, JWH-018, HU-210

Narcotics

Cannabinoids

S7

S8

Specified stimulants

And their releasing factors.
Males only.
c
Depending on the rules of the federations.

a

Diuretics

2
Adrafinil, amphetamine, cocaine, modafinil
benfluorex
Cathine, ephedrine, etamivan, methylephedrine,
methylhexaneamine, octopamine,
pseudoephedrine, sibutramine, strychnine,
tuaminoheptane

Diuretics, probenecid, plasma expanders, glycerol,
desmopressin
Acetazolamide, bumetanide, canrenone,
furosemide, triamterene

Masking agents

1

Diuretics and other
masking agents

S5

Non-specified stimulants

Examples

Subgroup

Class

Table 51.13 (Continued)

x

x

x

x

x
x

x

x

x

c

At all
times

Prohibited

xc

x

x

x

x

x

In-competition
only
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blood tests were officially introduced into the Olympic test
programme in 1994 (Lereim 1994) and have become an integral
(though minor) part of modern sports drug testing, particularly aiming at the detection of erythropoiesis-stimulating
agents (ESAs) such as EPO and its derivatives (Reichel and
Gmeiner 2010), hGH (Bidlingmaier and Strasburger 2010),
blood transfusions (Sottas et al. 2010a) and emerging drugs
with unknown metabolism (Thevis et al. 2009a, 2009b).
Hair sampling has been considered for sports drug testing
purposes so far only in a few selected cases, which required
in-depth investigations due to assumed inadvertent ingestion
of prohibited compounds (CAS 2009; DTTB 2010) or malicious administration (Segura 2009). The retrospectivity of hair
testing was shown to be superior to urine and blood testing
concerning several specific compounds; however, it might only
be considered as a complementary and corroborating source of
information rather than a routine sample matrix due to current
limitations inherent to hair testing in general, such as different
incorporation rates of drugs in blond and black hair, wash out
effects through hair bleaching/staining or simply the use of a
short haircut (Kintz 1998; Rivier 2000).

Sampling procedures
Doping control samples are collected from athletes in and out
of competition, with the latter being mostly at very short notice
(i.e. ‘unannounced’). This requires a sophisticated and, for the
sportspeople, sometimes tedious system where the so-called
whereabouts are recorded for these unannounced tests. This
testing approach has become necessary because numerous
doping agents provide the cheating athlete with a performanceenhancing effect even weeks after drug application when the
administered substance is no longer detectable in urine or
blood. In order to limit the options of sample manipulation
(e.g. urine substitution, chemical tampering, etc.), strict rules
apply as to the visual control of the urine specimen delivery.
While representing a non-invasive sample collection (in contrast to venipuncture required for blood collection), its intrusive nature has been deplored but tolerated as an unpleasant
necessity.
Another peculiarity of sports drug testing sampling procedures, which has been the subject of extensive discussion
recently, is the obligatory preparation of two aliquots referred
to as A- and B-samples. Installed to offer the option to doublecheck the integrity of a sample and the analytical result obtained
in the process of testing the A-specimen, the necessity of
this approach (and the corresponding economic burden) has
been questioned in the light of the rigorous accreditation
procedures and external quality assessment schemes that
doping control laboratories have to pass many times per year.
Compared to forensic and toxicological practice, the use of a
second (B-) sample is unique to sports drug testing and the
relevance of the additional aliquot and its analysis will be
reconsidered with the forthcoming revision of the World AntiDoping Code.
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51.9.2 Analytical aspects
In general, mass spectrometry-based methods combined with
either gas or liquid chromatography have become the major
tools in sports drug testing procedures, comparable to the
development of analytical approaches in forensics and toxicology (Maurer 2010). Specific challenges and needs in doping
controls have to be addressed, a few of which are outlined below.

Differentiation of natural (endogenous) from
synthetic (exogenous) hormones – AASs
Anabolic agents, particularly AASs, have represented the most
frequently detected class of prohibited substances in doping
controls for many years (WADA 2011b, 2011c). Due to their
non-natural composition, the mere presence of synthetic AAS
or their metabolites in a doping control specimen is sufficient
to indicate a doping offence; however, in order to prove the
misuse of endogenous substances such as testosterone (T),
epitestosterone (EpiT) and related biochemical precursors or
metabolites, the non-endogenous, xenobiotic nature of these
steroidal compounds (being structurally identical to their naturally produced counterparts) must be demonstrated. While
steroid profile analyses provide a sensitive and informative
means to uncover the administration of natural steroids
(Mareck et al. 2008), especially when intraindividual reference
ranges are applied (Sottas et al. 2010b), evidence concerning the
endogenous or exogenous origin of analytes is obtained by
isotope ratio mass spectrometry (IRMS) (Cawley and Flenker
2008). This technology allows the determination of isotopic
signatures of analytes by measuring different (stable) isotopes
of an element, preferably carbon isotope ratios (CIRs) in case
of sports drug testing applications. Here, the δ13C values of
target compounds such as T, EpiT, androsterone (A) and etiocholanolone (E) and so on, are determined, which describe the
abundance of 13C of the respective substance in parts per thousand (per milli, ‰) in relation to a reference standard termed
the Vienna Pee Dee Belemnite (VPDB). Employing the formula
shown in the equation below, differences in the abundance of
13
C are expressed. The analysis of CIRs necessitates the quantitative combustion of compounds into CO2 followed by highprecision IRMS. Such analysers commonly consist of a magnetic
sector and three Faraday cups that are positioned to collect the
ions m/z (mass-to-charge ratio) 44, 45 and 46 corresponding
to 12C16O16O+•, 13C16O16O+• and 12C16O18O+•, respectively. The
ratio of m/z 45 to m/z 44 is determined for the target
compound(s), which (in case of endogenously produced steroids) mirrors the carbon isotope signature of the individual’s
diet. In contrast, pharmaceutically produced steroids are commonly derived from soy stigmasterol or sitosterol comprising a
reduced 13C content, which can consequently be distinguishable
from endogenously produced steroidal compounds. Reference
ranges for urinary steroids and metabolites were determined
between –15‰ and –25‰, and numerous pharmaceutical
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steroidal products yielded δ13C values of –30.1‰ ± 2.6‰ and
–25.9‰ to –32.8‰ (Ueki and Okano 1999; de la Torre et al.
2001); however, δ13C values reflecting typical ‘human’ CIRs
were also reported (Cawley et al. 2010; Forsdahl et al. 2011)
representing an additional challenge for doping control authorities. To account for the fact that diets vary considerably, and
thus also δ13C values of urinary steroids, endogenous reference
compounds (ERCs), i.e. endogenously produced steroidal compounds that are not involved in the androgen metabolic path
way such as pregnanediol and 5α-androst-16-en-3α-ol were
included in doping control IRMS methods. The difference of
an ERC δ13C values from a urinary steroid (metabolite) which
is referred to as the Δδ13C value, has been considered the most
efficient and reliable means to uncover the administration of
‘natural’ steroids for doping purposes. Whenever a Δδ13C
threshold level specified for a particular pair of analytes is
observed, a doping rule violation is concluded:
δ13 C (‰) = (ratioSample /ratioReference − 1) × 1000

Peptide hormone analysis
Various peptide hormones possess performance-enhancing
properties, among which the ESAs including EPO and its derivatives, hGH and insulin(s) represent the most frequently
detected or in confessions mentioned substances. Also, a major
challenge for doping control laboratories is that these therapeutic substances are usually recombinantly produced proteins
resembling their natural counterparts. Accordingly, the differentiation of endogenous from exogenous analytes is considerably complicated by the resulting high structural similarity,
requiring sophisticated strategies to identify and detect minute
discrepancies in sports drug testing specimens. As an example,
analytical approaches towards the detection of synthetic insulins and their distinction from human insulin are presented.
Except for those athletes evidently suffering from insulindependent diabetes mellitus, the use of insulins has been prohibited in elite sport since 1999. Until now, anecdotal evidence
and several athletes’ confessions rather than adverse analytical
findings have contributed to the estimation of the dimensions

of insulin abuse among sportspeople (Holt and Sonksen 2008).
Assumed accelerated recovery (based on an increased incorporation of glucose into target tissues) and decelerated catabolism
(resulting from its chalonic action concerning protein break
down) in as well as out of competition have supposedly been
major driving forces for cheating athletes to administer the
antidiabetic drug (Sönksen 2001), and until 2005/2006, when
detection methods for synthetic insulins in doping controls
were first presented, insulin injections remained below the
analytical radar of sports drug testing laboratories (Thevis
et al. 2008). Employing mass spectrometry-based analytical
approaches, rapid- and slow-acting synthetic insulins, which
bear modified amino acid sequences compared to the naturally
occurring version (Fig. 51.41), have been analysed from plasma/
serum and urine ever since, exploiting the fact that either the
molecular mass and/or the amino acid sequences differ between
human insulin (Fig. 51.41a) and its modified analogues such as
Humalog Lispro (Fig. 51.41b) or Glulisine Apidra (Fig. 51.41d).
The required sensitivity to measure physiologically relevant
concentrations of insulins in blood (fasting: 0.1–0.5 ng/mL,
non-fasting: 0.2–3.2 ng/mL) (Kippen et al. 1997; Darby et al.
2001) and urine (0.06–0.3 ng/mL) (Chamberlain and Stimmler
1967; Du et al. 1986) is provided by nano-ultrahigh performance liquid chromatography (nanoUHPLC) and nanospraytandem mass spectrometry, which in turn necessitated highly
purified sample extracts accomplished by sophisticated sample
preparation strategies (Thomas et al. 2009). The unambiguousness of the methodology has also been appreciated in forensics,
and several cases of surreptitious insulin administration were
proved (e.g. in an 8-week-old infant) (Green et al. 2010). Moreover, the option to detect insulin by LC-MS/MS in vitreous
humour following a lethal intoxication was recently shown
(Thevis et al. 2012) and might provide a useful tool in selected
cases of forensic analysis.

Black-market/non-approved products
Identifying the use of non-approved drugs by cheating athletes
has been another facet of the modern antidoping fight. Detecting relatively unknown and uncharacterised compounds and

A-Chain
1

11

B-Chain
21

1

11

21

(a)
(b)
(c)
(d)
Figure 51.41 Primary structures of: (a) natural human insulin (mol wtmonoisotopic = 5803.6 Da) and its synthetic analogues, (b) Humalog
Lispro (mol wtmonoisotopic = 5803.6 Da), (c) Novolog Aspart (mol wtmonoisotopic = 5821.6 Da) and (d) Glulisine Apidra
(mol wtmonoisotopic = 5818.6 Da), presented in one-letter codes. Modifications compared to human insulin are indicated in bold.
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metabolism/elimination, in vitro as well as animal models are
frequently employed to simulate metabolic reactions and
provide potential target compounds for sports drug testing
purposes until drug metabolism and pharmacokinetic (DMPK)
data are published and/or human administration study urine
samples as well as reference material of phase I or phase II
metabolites are available (Beuck et al. 2011). Alternatively, the
analysis of plasma/serum rather than urine offers a matrix
where the intact and unmetabolised active drug can be determined (Thevis et al. 2009a). This is of particular importance in
the light of the mandatory confirmation of adverse analytical
findings with authentic and fully characterised reference substances or administration study samples with structurally elucidated target analytes.

51.9.3 Doping-related health issues
and fatalities

Figure 51.42 Structure formulae of 5-aminoimidazole-4carboxamide ribonucleotide (AICAR) (1, AICAR, mol wt = 258 Da),
GW1516 (2, mol wt = 453 Da), S-22 (3, mol wt = 389 Da) and
amino acid sequences of pralmorelin (4, mol
wtmonoisotopic = 817.4 Da) and hexarelin (5, mol
wtmonoisotopic = 886.5 Da) in three-letter codes. The abbreviations
Nal and Mrp refer to naphthylalanine and methyltryptophane,
respectively.

their metabolites as opposed to known and well-studied therapeutic agents represents a considerably complex and demanding task. In 2010, the prohibited drug candidates AICAR
(5-aminoimidazole-4-carboxamide ribonucleotide, 1 on Fig.
51.42), the (PPAR) δ-agonist GW1516 (2 on Fig. 51.42), the
selective androgen receptor modulator (SARM) MK-2866 (also
referred to as S-22, 3 on Fig. 51.42), and growth hormone
releasing peptides (GHRPs) such as pralmorelin and hexamorelin (4 and 5, respectively, on Fig. 51.42) were readily obtained
from internet suppliers. Structure, quantity and formulation
was elucidated and all compounds proved authentic as determined by liquid chromatography–high resolution/high accuracy (tandem) mass spectrometry and by comparison to
reference material (Kohler et al. 2010; Thevis et al. 2011a).
Consequently, their (mis)use in sports cannot be excluded and
detection methods have to be established to prevent the unrecognised administration of these doping agents (Thevis et al.
2009b), an approach which was successfully pursued with the
detection of a non-approved and discontinued SARM drug
candidate referred to as andarine in a doping control urine
sample (Grata et al. 2011). In the absence of comprehensive
knowledge concerning dosing (in a doping regimen) and

In the history of sport, fatalities related to doping agents have
frequently been reported (Raschka 2008). While deaths attributed to the misuse of stimulants were characterised by the more
or less instantaneously occurring consequences such as intoxication, heat stroke and so on (Bernheim and Cox 1960), fatalities in relation to other doping agents such as AASs are usually
time-delayed (up to many years) but provide numerous indicators in terms of morphological alterations (Kindermann 2006;
Kohler et al. 2008). These include cardiac hypertrophy, myocardial fibrosis and necrosis, hepatic and renal tumours and
atherosclerosis, and have been observed in various autopsies of
recreational or professional bodybuilders (Lüderwald et al.
2008). The abuse of black-market or non-approved substances
especially in non-clinical settings such as doping regimens represent an even higher health risk concerning both acute and
long-term effects; however, establishing the causality between
the administration of experimental substances and ill health
or premature death (potentially after decades) represents a
complex task.

Useful websites
CDC NIOSH (Centers for Disease Control and Prevention, National
Institute for Occupational Safety and Health) (2013) Pocket Guide,
www.cdc.gov/niosh.
TOXNET NLM HSDB (US National Library of Medicine, Hazardous
Substances Database) (2013) http://toxnet.nim.nth.gov.
(Both last accessed 30 March 2013.)
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Driving Aptitude and
Fitness to Drive

Günter Berghaus and Eva Schnabel

52.1 Introduction
52.1.1 Relevance of traffic medicine
The topic ‘driving aptitude and fitness to drive’ belongs to the
field of traffic medicine – the scientific discipline that aims to
enhance the safety of humans in traffic through research and
the practical application of medical findings and experiences.
The relevance of traffic medicine and in particular road traffic
safety throughout the world is demonstrated by a huge amount
of data. As one example, the world report on road traffic injury
prevention of the World Health Organization (WHO) estimates that 1.2 million people are killed in road traffic crashes
each year and up to 50 million people are injured or disabled
(Cole 2004; Peden et al. 2004).
In addition, road traffic safety is an issue that is becoming
increasingly relevant. This is due in part to the fact that more
and more people in developing countries will drive a car and
to the increasing number of older drivers in developed countries. These developments pose new challenges for traffic medicine. Thus, in the last years there has been a worldwide growing
awareness of the need for quality assurance through coordination and optimised guidelines to improve strategies and techniques in the field of traffic medicine.

52.1.2 Traffic medicine as a part of
forensic medicine
Traditionally, traffic medicine is part of forensic medicine. Different aspects of traffic medicine are presented (toxicology,
Handbook of Forensic Medicine, First Edition. Edited by Burkhard Madea.
© 2014 John Wiley & Sons, Ltd. Published 2014 by John Wiley & Sons, Ltd.

alcohol, drugs, medicines, etc.) in lectures for students as well
as in conferences for professional groups that deal with issues
on traffic medicine (lawyers, physicians, psychologists). The
results of forensic medical research are an important consideration in framing legislation on driving aptitude and fitness to
drive. Moreover, comprehensive toxicological analyses covering
the whole spectrum of illegal drugs, medicines and alcohol have
been conducted in forensic medicine laboratories by order of
the police, courts or medico-psychological assessment institutes. In addition, forensic scientists act as experts in courts
concerning questions on driving aptitude and fitness to drive
under the influence of alcohol, medicines or drugs. Thus, an
essential part of the resources of forensic medicine institutes is
connected to traffic medicine activities.
As in other scientific disciplines, increasing knowledge as
well as an increase in tasks and their growing relevance has led
to an increasing differentiation of the subject. In addition to
forensic medicine, other scientific branches are nowadays concerned with traffic medicine tasks. Psychologists, in particular,
are indispensable with regard to questions on driving aptitude,
and physicians with a special traffic medicine qualification are
in demand when dealing with problems concerning fitness to
drive and driving aptitude of persons with diseases or under
the influence of medicines.

52.1.3 Restriction to key topics
Within this handbook of forensic medicine it is not possible to
treat comprehensively every aspect of the topic of driving aptitude and fitness to drive. As traffic safety has a different status

998

PART VIII   TRAFFIC MEDICINE

in different countries – there are already huge differences
between developed and developing countries (e.g. in assessment of driving aptitude) – the information given here will
focus on the definition of the terms ‘driving aptitude’ and
‘fitness to drive’ and their operationalisation from a theoretical
scientific view (Section 52.2) as well as on their main determinants (Section 52.3). The practical application in road traffic
(Section 52.4) is addressed briefly and only from the view of
developed countries, because of the large existing variety of
recommendations, regulations and legislations on the topic.
This chapter discusses road traffic, but the theoretical considerations on driving aptitude and fitness to drive are also
relevant in the fields of air traffic, maritime traffic and rail
traffic. Statistics on the frequency of individual causal factors
for being unfit to drive are presented in Chapter 57. Due to
limitations in space, it is not possible to mention in detail the
primary sources for each of the presented facts; books and
publications presenting a review are used as reference.

52.2 Definitions and
operationalisation
In this chapter, basic aspects of driving aptitude and fitness
to drive are presented. Definitions of the two terms are given
as well as the requirements that have to be met by a driver and
the description of how driving aptitude and fitness to drive can
be measured. The following information is based on Berghaus
and Brenner-Hartmann (2007) and Brenner-Hartmann and
Berghaus (2007).

52.2.1 Definitions
In traffic medicine, there are three important terms to define:
driving aptitude, driving skills and fitness to drive. This has
been done by a working group of psychologists and forensic
scientists within a research project of the German Federal
Highway Research Institute (BASt) (Brückner et al. 1988; Staak
et al. 1988):
• Driving aptitude is the temporally stable ability (in terms of
a disposition) to drive a vehicle in traffic, independent of
situational and mental state parameters. This ability comprises traits of the character as well as psycho-physical functions of performance.
• Driving skills are skills developed by training, practice and
experience, and which are necessary to drive a vehicle. These
skills are acquired in the course of a driving training and
improve with increasing participation in traffic.
• Fitness to drive is the situation- and time-dependent ability
to drive a vehicle. It may change rapidly due to external
factors as well as by impairment of the driver.
The concept of driving aptitude is based on the assumption
that a physically and mentally healthy person is able to drive a

vehicle safely in traffic after a successful driving training. The
aptitude to drive is documented in developed countries by
issuing a driving licence. Driving aptitude is a temporally stable
trait, whereas driving skills will continuously improve by practising and taking part in road traffic.
In contrast, the term fitness to drive describes the current
skill of a person to drive a vehicle safely at a certain point in
time. The difference between the two central terms driving
aptitude and fitness to drive becomes clear using alcohol and
its effects on the two as an example. In general, in the case of
acute consumption of alcohol, fitness to drive is impaired for a
certain time period; in the case of chronic consumption of
alcohol, alcoholism, driving aptitude is impaired.

52.2.2 Operationalisation
Defining driving aptitude, driving skills and fitness to drive is
just the first step. The terms are constructs that cannot be
measured directly; for practical use they have to be operationalised in order to become measurable. It has to be decided
which requirements have to be met for a driver to be considered
able, competent and fit to drive, and which acute or permanent
characteristics and performance are necessary and how they are
measured and evaluated.
The most important sources of knowledge for identifying
the behaviours, performance and mood which are required for
safe driving in traffic, and thus for driving aptitude, driving
skills and fitness to drive, are the experience of the driver as well
as empirical findings of descriptive studies (e.g. accident analysis). This information can be summarised in theoretical models.
Individual aspects of this theory serve as hypotheses, which can
be tested in experimental studies. The ‘proven’ aspects or factors
that have an impact on traffic safety are then weighted in epidemiological studies.

Basic experiences and resulting models
The basis of any analysis of traffic safety is, on the one hand,
the experience that each driver gains during his or her participation in road traffic, especially in dangerous situations. On the
other hand, the careful analysis of accidents, including interviewing the person involved regarding their behaviour before
and during the accident, provides important information
regarding driving aptitude, driving skills and fitness to drive.
Driving is a complex, multitasking activity that involves
three areas: psycho-physical performance, behaviour and
mood. Models can be used to try and structure these demands.
A theoretical approach – used in various modified forms and
in diverse fields – for a useful summarisation is based on three
components: the driver, vehicle and environment. Basically, the
driver is faced with the requirements of the other two factors,
vehicle and environment, which he or she has to meet by his or
her behaviour, performance and mood in such a way that traffic
safety is ensured.
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Box 52.1 Keskinen’s model of driving behaviour.
•
•
•
•

Level
Level
Level
Level

1: Vehicle manoeuvring
2: Mastery of traffic situations
3: Trip-related issues and influence
4: Personal attitudes

The factor environment includes a diverse range of requirements, such as the route, road signage, traffic rules, time of day,
weather and traffic density, as well as the behaviour of other
road users. Depending on the nature and degree of difficulty of
each influencing factor, a continuum from very easy to very
difficult requirements arises. Optimal handling of the vehicle is
also dependent on a range of factors; moreover new technologies (e.g. advanced driver assistance systems) continually change
the situation. The requirement profile defined by the vehicle
and environment interacts with the behaviour profile of the
driver, which comprises appropriate psycho-physical performance and mood, in particular his or her behaviour.
The total required behaviours can be structured into four
levels, based on the hierarchical model of Keskinen (Bartl et al.
2002) (Box 52.1). Table 52.1 presents the four levels with a
selection of corresponding driver requirements.
Within the relation driver–vehicle–environment structure,
level 1 refers to the adequate handling of the vehicle by the
driver (i.e. the driving skills). Apart from a minimum level of
skill, which is documented by issuing the driving licence, practising is essential as it improves the performance profile considerably. In addition to gaining experience, more and more of
the required performances become automated during the
learning process. Thus the driver will increasingly undertake
actions as a unity (e.g. the total procedure of turning left) and
not as a series of single actions. Moreover, practising enables
the driver to perform automated actions in parallel. Thereby,
attention can be increasingly focused on the current traffic
scene instead of on vehicle manoeuvring.
Level 2, the mastery of traffic situations, basically comprises
aspects of fitness to drive. Orientation and dealing with continuous stimuli (level 3) describe aspects of fitness to drive,
whereas route planning (level 3) and personal attitudes (level
4) describe driving aptitude.
It is beyond the scope of this chapter to describe all the
behaviours listed in Table 52.1 in more detail. In most cases the
meaning of the presented aspects with regard to safe driving in
traffic is evident without explanation. An essential aspect,
which will be referred to later, is the possibility of compensating
for deficiencies in a certain performance area by a better performance in another area. This capability is mainly relevant
when evaluating driving aptitude (e.g. compensation of physical deficiencies by time and route planning), but also when
evaluating fitness to drive (e.g. driving under the influence of
medicines).
Another frequently cited model to measure fitness to drive
is the hierarchical approach, which structures the driving task

Table 52.1 Requirements at different levels of driving behaviour.
After Brenner-Hartmann and Berghaus (2007, table
B1.2, p. 139), © Ärzte-Verlag, Köln.
Behavioural level

Requirements

Level 1: vehicle
manoeuvring

Functionality of motor skills (sensibility,
force, coordination)
Acquired driving competence (vehicle
engineering, practise, driving physics)

Level 2: mastery
of traffic
situations

Perception of the situation (vision,
alertness, attention, concentration)
Recognition of the situation (scope and
selection of the contents of perception,
knowledge of rules, empirical
knowledge)
Communication behaviour (unambiguity of
signalling, anticipation of the behaviour
of the others)
Adaptation to traffic flow (velocity
adaptation, road tracking, headway
estimation)
Reactions to avert danger (identifying
danger signals, reaction time, decisionmaking behaviour)

Level 3: triprelated issues
and influences

Orientation (selective attention, complex
information processing)
Dealing with continuous load (fatigue)
Route planning (decisions before starting
a trip)

Level 4: personal
attitudes

Risk behaviour (defensive or aggressive
driving style)
Intention to compensate in case of
deficiencies
Avoidance of participation in traffic when
being unfit to drive
Way of dealing with weaker road users
Emotionality (frustration tolerance,
feelings of competitions, anxiousness,
self-assurance)

Box 52.2 Michon’s model of driving tasks.
•
•
•

Strategic level
Manoeuvring level
Operational level

hierarchically (Box 52.2). Michon (1985) distinguishes three
hierarchical levels of control: the strategic level, the manoeuvring level and the operational level. Table 52.2 summarises
descriptions of these three levels and gives examples of relevant
tasks (Owens and Ramaekers 2009).
A lot of the driving characteristics presented are constructs
and consequently have to be represented by specified behaviours or performances in order to test and evaluate them in
experimental research.
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Table 52.2 Michon’s hierarchical model. Summarised from Owens
and Ramaekers (2009).
Examples of tasks
and tests

Level

Description

Strategic
level

Executive decisions,
e.g. route choice and
planning, judgement
and understanding of
traffic and risk
assessment

Decision-making
task
City driving task
Driving simulator

Reaction to the
behaviour of other
drivers, distance
keeping, speed
adjustment or
obstacle avoidance

Object movement
estimation under
divided attention
Visual search task
Car-following task
Sobriety testing

Basic vehicle control,
automatic behaviours
like steering or
tracking

Road tracking task
Critical tracking
task

Manoeuvring
level

Operational
level

Operationalisation by test procedures in
experimental research
Another approach to operationalise fitness to drive makes use
of an empirical classification of test procedures used in experimental studies. An experiment is the optimal way to test hypothetical factors of influence (e.g. the effect of a drug) on fitness
to drive. Requirements (tests) must be defined that represent
aspects of fitness to drive that are capable of being measured.
A test is valid if it reveals a difference compared with a placebo.
Researchers should be careful to only measure relevant data
that are informative about fitness to drive.
There are a huge number of tests used in experimental
studies. Since up to now there has been no obligatory concept
or specification of the scientific community as to which performance measures should be tested, each research group has
developed its own test procedures. A coordinated classification
system is needed, which assigns the different tests to psychological functions. Krüger et al. (1990) developed a classification
system based on the approaches of Brückner et al. (1988),
Moskowitz and Robinson (1987) and Staak et al. (1988). The
different performance tests used in the studies are classified into
main and subcategories of performance, behaviour and mood
variables relevant for driving (Table 52.3). Only a few examples
of experimental tasks or examples of behaviours and mood are
given for each of the categories.
Driving skills are generally not tested in such experiments,
but in real driving within the context of the driving test. Driving
aptitude cannot be measured by experiments. Performance
tests may examine parts of driving aptitude, but the evaluation
of behaviour from a psychological view is more essential.

Table 52.3 Classification system of driving-related performance,
behaviour and mood, and corresponding tests and
examples. After Schnabel et al. (2010, table 1, pp.
22–3).
Category

Experimental tests and examples

Performance category
1: Reaction time:
Simple reaction time
Choice reaction time

2: Attention:
Categorisation task
Vigilance
Cancellation test
Mental arithmetics
Other attention tests

3: Divided attention:
Reactions to two stimuli
Reactions to two tasks

4: Psychomotor skills:
Hand–eye coordination
Posture
Other motor functions

5: Visual functions:
Physiology of the eye
Eye movements
Binocular vision
Complex perceptual
functions
6: Tracking:
Easy compensatory
tracking
Difficult compensatory
tracking
Easy pursuit tracking
Difficult pursuit tracking

7: Encoding/decoding:
Information processing
Memory

Reaction to a visual or auditory
stimulus
Reaction to diverse visual or
auditory stimuli
Card-sorting tasks, DSST, trailmaking test
Respond to rare target stimuli
(Mackworth’s test)
Cross out target letters among
distractors (D2 test)
Pauli test (addition), serial seven
(subtraction)
Go/NoGo tasks, Stroop test, logical
reasoning
Reaction to central and peripheral
stimuli; auditory two-channel
signal detection task
Tracking or cancellation test and
visual or auditory stimuli;
multiple tasks simultaneously
Circular lights, hand steadiness, pin
test
Standing steadiness (Romberg or
balance test)
Tapping test, tremor,
proprioceptive coordination
Visual acuity, critical flicker fusion
frequency
Visual tracking, nystagmus
Heterophoria, stereopsis, exophoria
Spatial orientation, time or length
estimation
Regulation of horizontal deviations
with a steering wheel
Critical tracking: compensation of
deviations between target and
actual position
Pursuit rotor: pursuit of a moving
light
Stressalyzer (Tracometer)
Cognitive speed: recognition of a
tachistoscopically presented
stimulus
Free recall, cued recall or
recognition tasks
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Table 52.3 (Continued)
Category
8: Driving:
Driving simulator
Closed course
Flight simulator

Experimental tests and examples

Table 52.4 Influencing factors on fitness to drive, driving skills
and driving aptitude.
Influencing factors

Road tracking, car follow
Road tracking, car follow
Routine scenarios, communication,
approaches

Driver

Age
Character deficiencies, intellectual deficits,
interaction behaviour
Diseases and indispositions (especially sleep
disorders)
Alcohol, illegal drugs, medicines
Other aspects

Vehicle

Equipment
Advanced driver assistance systems
Other aspects

Behaviour categories
9: Social or aggressive
behaviour:
Social activities or
aggressive reactions
Social or aggressive
feelings

Behavioural measures of social
interactions or hostility
Feelings of sociality, social anxiety
or anger

Environment Road design
Traffic lights
Other aspects

Mood categories
10: Mood:
Experienced intoxication
Unpleasant physical
sensations
General well-being
Self-rating of
performance
Physiological
measurements
Arousal/activity
Pleasure
Dominance
Tiredness
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Feelings of drunkenness
Dizziness, nausea
Global mood
Feelings of performance
Pulse, temperature, blood pressure
Stimulation, sedation, relaxation
Contentment, effect liking,
depression
Social mood, friendliness
Fatigue, drowsiness

Epidemiological research
Epidemiological studies are less useful in improving the description of driving aptitude, driving skills or fitness to drive and no
hypotheses are tested. Optimally, they provide a weighting of
given crash causes.
The basic disadvantage of epidemiological findings is that
the cause of a crash can be mostly attributed to different aspects
of fitness to drive. The accident itself is the end of a causal
chain. Leaving the roadway, for instance, can be caused by inattention, inaccurate tracking, delayed reactions, etc. Even if a
supposed first link of the causal chain is proven for a driver
causing a crash (e.g. the influencing factor is ‘alcohol’ and the
accident is ‘leaving the road’), and the accident is listed as an
alcohol crash in the statistics, the effect of alcohol does not have
to be the real cause of the accident as there may be other reasons
than alcohol (e.g. fatigue, incorrect behaviour). Further remarks
on epidemiological studies are included in Chapter 57.

Need for coordination
Tables 52.1–52.3 list which performance, behaviour and mood
factors are relevant for driving aptitude, driving skills and
fitness to drive. However, in spite of the existing models, there

is no agreement in the scientific community on the appropriate
weighting for the different psycho-physical performance areas,
behaviours and moods. Although guidelines on the optimal
procedure in experimental studies have been compiled by a
working group of the International Council on Alcohol, Drugs
and Traffic Safety (ICADTS), they still only list the minimum
performance areas to be considered: divided attention, continuous perceptual–motor coordination, discrete perceptual motor
response, speed and accuracy of decision making, sustained
attention (vigilance), dynamic visual acuity, short-term spatial
memory, risk avoidance and resistance to distraction (ICADTS,
no date). So far no concrete guidelines exist on the type, the
features and the difficulty of the particular test procedures.

52.3 Factors influencing driving
aptitude and fitness to drive
If one of the requirements concerning the psycho-physical performance, behaviour and mood is not fulfilled, the question
regarding reduced or non-existing fitness to drive, driving skills
or driving aptitude arises. In addition to detecting a reduction
in skill, it is essential to clarify the causes of such a reduction,
for example with respect to imposing sanctions or countermeasures.Thus, the causal chain determinant → effect →
reduction of fitness to drive, driving skills or driving aptitude
is of substantial relevance.
There are many factors that may have a negative impact on
fitness to drive, driving skills or driving aptitude. Basically, with
relation to the driver–vehicle–environment model, the factors
presented in Table 52.4 can be differentiated. In the following
discussion we focus on the basic determinants – those that are
attributable to the driver and have been verified in experiments,
since about 90% of crashes are caused by human factors (see
Chapter 57).
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Age (years)
Figure 52.1 Effect of age on the rate of being responsible for a car accident with personal injury in Germany in 2010 (Statistisches
Bundesamt 2011).

52.3.1 Age
Young and older drivers are of special concern since both
groups show higher fatality rates per miles driven in comparison to the middle-aged group. The responsibility rate for car
accidents is age-dependent and shows a U-shaped distribution
(Fig. 52.1), as demonstrated by the German Federal Office of
Statistics (Statistisches Bundesamt 2011).

Older drivers
Older drivers will be of growing interest in the future. In
general, ‘older people’ or ‘older drivers’ are defined in the scientific literature as persons of 65 years and over. There are two
key developments: the expected demographic development and
the option and need for elderly people to have continued
mobility and independence.
The population in most countries is becoming increasingly
elderly due to increased life expectancy. In some countries, the
older population is expanding at nearly twice the rate of the
total population. The percentage of elderly people that possess
a driving licence will increase rapidly in the future as it is usual
these days to drive a car, when driving can be crucial for performing necessary chores and maintaining ties to society.
Hence, in upcoming years, more and more older people will
hold a driving licence and drive an increasingly higher mileage.
Motor vehicle crashes are already a leading cause of injuryrelated deaths in older drivers (see Chapter 57).
In comparison to other age groups, psycho-physical performance and the behaviour of older drivers can be characterised according to physiological aging. The results of experimental
research show the following:
• Decreased driving-related psycho-physical performance.
• Increased number and intensity of diseases, comorbidity
and chronic health problems.
• The use of an increasing number of medicines and more
medicines simultaneously.
The general slow-down in performance affects functional abilities, attention, reaction, perception, response, information

processing, motor performance, mobility, etc. Older drivers
have difficulties with visual tasks, with memory and comprehension, with peripheral vision and with distributing attention
between several groups of stimuli. They are less able to perform
under pressure, and they tire more quickly.
However, other behaviours of older drivers are of positive
value concerning traffic safety:
• They modify when and how they drive (using mainly local
roads, not through cities, but surrounding highways and are
less likely to drive at night).
• They frequently use less alcohol and illegal drugs.
• They are more likely to wear safety belts.
• They tend not to be engaged in risky behaviours.
• They are more likely to reduce speed and not tailgate.
To sum up, older drivers are in an inferior position compared with other age groups with respect to psycho-physical
performance, particularly when complex performance is
demanded. Moreover, the increasing health problems and the
frequent and simultaneous use of several medicines (on average
three medicines simultaneously in ≥60-year-olds) can have
dangerous consequences for traffic safety as will be shown in
the following chapters. However, the deficits may be compensated for by positive behaviour patterns – for example concerning time and route planning (times and roads with little traffic)
or driving cautiously (low speed, few passings). The older the
driver, the more the disadvantages predominate. Performance
is quite different depending on the individual, so the question
concerning driving aptitude and fitness to drive of elderly
people can only be answered by assessing individual cases (see
Section 52.4).

Young drivers
Younger people are faced earlier and earlier with higher
demands in school, apprenticeships and jobs, making them
dependent on mobility at a young age. The driving licence is
also a symbol of independence in terms of their hobbies
and participating in events. As a consequence a discussion on
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lowering the minimum age for issuing a driving licence has
emerged in some developed countries.
A review of experimental studies illustrates, in contrast to
older people, no deficits in driving-related performance for
younger people. Diseases and the use of medicaments are of
no relevance. The endangerment of traffic safety by younger
people, especially novice drivers, results from inexperience
(little driving experience) and from typical behaviours of
younger people, for example joy of discovery, curiosity, recklessness, pep and their leisure activities. In terms of driving,
these characteristics include:
• Inexperience and immaturity.
• Risky behaviour.
• Trips on weekend nights often after using alcohol and illegal
drugs at clubs or parties.
Consequently, crashes are mostly not due to decreased
driving performance but due to inexperience and risky behaviour (e.g. exceeding speed limits, tailgating, overtaking in
unclear traffic situations). The ‘disco crash’ in particular is
typical for younger drivers: when driving from one place to
another, the driver and passengers interact intensively, so the
driver is distracted and inattentive. In addition he or she is
frequently affected by low concentrations of alcohol and cannabis or amphetamines. Hence the young driver is overloaded
and reacts inaccurately when being suddenly faced with a dangerous situation. Such typical behaviours of young people have
to be considered when discussing lowering the minimum age
for issuing driving licences.

52.3.2 Character deficiencies, intellectual
deficits and interaction behaviour
Psychological determinants of driving aptitude or fitness to
drive such as character deficiencies, intellectual deficits, affective and motivational personality traits or interaction behaviour might be underestimated when identifying reasons for
unsafe behaviour in traffic, since it is difficult to attribute an
accident to such aspects. ‘Character deficiencies’, as opposed to
physical deficiencies, highlight the impact of behaviours on the
driver’s aptitude to drive. Traffic safety is more endangered by
risky behaviour and self-involved attitudes of road users than
by diseases and age-dependent performance decrements. Character deficiencies are assumed if the driver subordinates the
public interest of safe driving to his or her own interest, resulting in endangerment and impairment in traffic safety. An
underestimation of risk and an overestimation of driving skills
may contribute to behaviours like this.
From the legal point of view in developed countries, a driver
is not able to drive a vehicle if he or she commits severe or
repeated traffic offences due to character deficiencies. Fines and
demerit point systems aim at preventing drivers from violating
traffic rules. However, the huge number of traffic regulations
and their general validity in particular situations make it difficult for some drivers to accept the necessity of compliance.
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Moreover, violating traffic rules has become almost routine for
some drivers as the probability of detection is low. In countries
that use a demerit point system, the driving licence is withdrawn if a certain threshold is exceeded.
Doubts about safe participation in traffic may also arise if a
criminal offence is committed – not only a criminal offence in
road traffic but also in other areas, particularly in connection
with highly aggressive behaviour. The relation between traffic
offences and criminal offences in the past is well proven empirically (e.g. Moser 1983).
In addition, to drive a vehicle safely in traffic, certain
requirements have to be met regarding intellectual skills.
For instance, some kind of logical reasoning is necessary in
order to comprehend a situation, to interpret the behaviour of
others, to select and structure information and to anticipate
hazardous moments. Such requirements are often complex
during driving, for example in traffic situations where lots of
different information has to be perceived and processed (e.g.
traffic signs, course of the road, other participants, speed of
vehicles, etc.). In Germany, for example, an intelligence quotient of 70 is defined as the minimum level of intellectual
requirement for driving. According to the diagnostic criteria of
DSM-IV-TR, this is the threshold for severe intellectual deficit.
In order to drive group 2 vehicles (buses and lorries), an intelligence quotient of 85 is demanded because of the higher
responsibility. It has to be pointed out that not all factors of
intelligence are related to driving aptitude. Verbal skills or
numerical reasoning, for example, contribute little to safe
driving behaviour. Basically, factors of intelligence such as
visual–spatial reasoning, combinatorial reasoning and social
intelligence are essential to perceive and interpret traffic situations correctly.
As driving behaviour is not only determined by intellectual
aspects but also by affective and motivational personality traits,
it is important to consider such aspects as well. If there are
intellectual deficits as well as adverse personality traits, the
negative effects on driving behaviour may increase. On the
other hand, being allowed to drive despite intellectual deficits
is justifiable if beneficial personality traits like social adaptability, thoughtfulness or emotional stability are present.
Another psychological determinant is the interaction behaviour of the driver in road traffic. Interaction behaviour can be
divided into two areas of intention: reckless driving and cooperative driving. Based on Kölbel (1997), reckless driving can be
defined as follows:
• Rule-breaking interactions between traffic participants.
• Obstruction or endangerment of others leading to agitation
and irritation.
• The offender enforces his or her interests and objectives,
meaning he or she acts instrumentally.
• The offender is mostly aware of the dangers caused, which
are not necessarily intended, since in most cases reckless
driving is due to his or her own traffic-related benefit.
• The intention of the offender (his or her benefit) does not
match the interpretation of the victim (recklessness).
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Types of reckless driving are, for example, abrupt and constant
lane changing, forcing the person behind to slow down after
overtaking, risky overtaking or using the inside lane for overtaking, or giving signals of animosity like turning up the
headlights.
Cooperative driving, in contrast, is characterised by the
relinquishment of rights to afford a benefit to other traffic
participants. Behaviours that are perceived as cooperative are,
for example, giving way to oncoming traffic, giving way to
enable others to enter traffic flow or allowing pedestrians to
cross the road.
Beyond doubt, reckless as well as cooperative interaction
patterns are relevant for traffic safety. If a driver tries to enforce
his or her own benefit, this may reduce traffic safety. However,
empirical studies or statistics about the consequences of reckless or cooperative driving are rare.

52.3.3 Diseases and indispositions
Many diseases and health indispositions (e.g. overtiredness,
fatigue, pain, etc.) may have a variety of consequences on
driving aptitude and fitness to drive.

Diseases
The following list, based on Wang et al. (2003), Madea and
Brinkmann (2003), Madea et al. (2007) and Verster et al.
(2009b), presents those diseases that potentially can influence
a driver’s aptitude and fitness:
• Cardiovascular diseases (see Chapter 53).
• Vision and visual field disorders (see Chapter 54).
• Neurological diseases (see Chapter 55).
• Diabetes (see Chapter 56).
• Cerebrovascular diseases: for example post-intracranial
surgery, stroke, subarachnoid haemorrhage, syncope, transient ischaemic attacks and vascular malformation.
• Psychiatric diseases: depression, anxiety, psychotic illness,
personality disorders, attention deficit disorder, attention
deficit hyperactivity disorder and Torelle’s syndrome.
• Musculoskeletal disabilities: for example arthritis, foot
abnormalities, limitations of cervical movement or thoracic
and lumbar spine, loss of extremities, muscle disorders and
orthopaedic procedures/surgeries.
• Peripheral vascular diseases: for example aortic aneurysm,
deep vein thrombosis and peripheral arterial aneurysm.
• Renal diseases: chronic renal failure and renal transplant.
• Respiratory diseases: for example asthma, chronic obstructive pulmonary disease and sleep apnoea.
• Abuse and dependence on alcohol, illegal drugs or
medicines.
• Miscellaneous conditions.
According to the corresponding specialist literature (e.g.
Wang et al. 2003), it is obvious that all the listed diseases are
associated with symptoms that will affect driving-related performance, behaviour or mood. But it is essential to point out
that the danger is, at first, only a potential one. The question

regarding fitness to drive and driving aptitude can only be
discussed for the individual case (kind and intensity of disease)
in combination with their medicinal therapy and their behaviour (using medicines as described, planning routes, etc.).
Besides the listed diseases there are further health conditions
with symptoms relevant for road traffic safety, for example
cancer (especially during chemo or radiation therapy) and
anaesthesia and surgery during ambulant treatment (in-patients
do not generally participate in road traffic). An additional
handicap for road traffic safety is the pain associated with many
diseases; if untreated, attention, concentration and performance are impaired. If treated with medicines, patients may be
sedated, also leading to impairment with negative consequences
for traffic safety.
Sleep disorders are included under respiratory diseases
(sleep apnoea) or neurological diseases. Due to their importance for road traffic safety they are reviewed next, together
with ‘natural’ tiredness.

Indispositions: acute and chronic
sleep disorders
In the following, the term ‘sleep disorder’ is used for all kinds
of problems in normal alertness. Essentially, literature differentiates the causes for the disorder between indispositions (fatigue,
sleepiness) and diseases:
• Fatigue: lack of sleep, bad quality sleep, sleep demands
induced by circadian rhythms, prolonged periods of work
(e.g. monotonous or prolonged driving) and tiredness associated with the use of sedating medicines, alcohol or illegal
drugs.
• Sleepiness: extended waking or sleep deprivation.
• Diseases: obstructive sleep apnoea.
The sleep disorder may be acute or chronic, but these differentiations are more of theoretical interest than of practical value
with respect to the consequences of impaired fitness to drive or
restricted driving aptitude.
Every driver has experienced fatigue and sleepiness at the
wheel underlining the importance of sleep disorders. In contrast to sleep indispositions, diseases are of less importance.
Sleep apnoea, for example, affects only 2–4% of the population.
It is often associated with co-morbidities like hypertension,
insomnia or cardiovascular diseases. If untreated, the consequence is an excessive daytime sleepiness.
It is obvious that all kinds of sleep disorders have severe
effects on driving performance. In principle, all driving-related
psycho-physical performances, behaviours and moods (e.g.
attention, perception, reaction, encoding/decoding) are more
or less impaired depending on the kind and intensity of the
sleep disorder. Experimental research has identified for private
driving that monotonous road environment, use of sedating
drugs and insomnia are high risk situations that provoke sleepiness. Shift workers and commercial drivers are exposed to
special danger. Mets et al. (2009, p. 277) summarise the major
findings from driving simulator studies in shift workers as
follows:
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• Night shifts and early morning shifts increase lane
driving, accident risk and subjective sleeping scores.
• Afternoon shifts have few negative consequences.
• Napping may improve alertness.
• Subjective sleepiness levels are predictive of accident
propensity.
• Few drivers account for relatively large numbers of
accidents.
• Personality traits are likely to be involved in the adaption of shift work.
• Males seem to be more at risk than females.
Hence, drowsiness seems to be a basic problem for road
traffic safety. The experimental studies seem to verify a high risk
caused by sleep disorders even if no objective method currently
exists that can be used in checkpoints or crash scenes to measure
sleepiness (like, for example, breath tests for alcohol).

52.3.4 Effects of alcohol, illegal drugs
and medicines
The importance of the effects of alcohol, illegal drugs and medicines on driving aptitude and fitness to drive is reflected in the
fact that separate chapters in this handbook deal with these
topics (see Chapters 58–61).
It should be pointed out that taking medicines as a therapy
for a disease or an indisposition has to be evaluated differently
from the use of alcohol or illegal drugs. In contrast to the use
of the latter, medicaments are prescribed by a physician, are
taken in a prescribed dose and the effects are monitored by the
physician who informs the patient about the associated risks.
The most important difference is the fact that medicines cure
or improve symptoms of diseases that frequently affect performance, behaviour or mood. Hence the adequate use of
medication has to be judged as positive overall for road traffic
safety.

52.3.5 Other aspects
In addition to the above-mentioned determinants for driving
aptitude, driving skills and fitness to drive, many further aspects
exist which are relevant for traffic safety. Without going
into detail, and to name but a few, such aspects can include
acute or chronic stress, biorhythm, affective state or driving
experience.

52.4 Assessment of driving aptitude
and fitness to drive
For practical application, the aforementioned definitions and
operationalisation of driving aptitude and fitness to drive as
well as the compilation of their determinants have to be transformed into directives, rules and laws. The question is under
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which conditions a driving licence is issued (Section 52.4.1),
how a driver who is unable or not fit to drive can be detected
(Section 52.4.2), assessing fitness to drive (Section 52.4.3) and
which requirements have to be met for the renewal of a driving
licence (Section 52.4.4).
As already mentioned, it is not possible to give detailed
information about traffic-related legal regulations in single
countries because of the huge variety. The ICADTS Working
Group on re-granting driving licences has documented differences in the administrative and criminal re-licensing procedures with respect to blood alcohol concentration (BAC)
thresholds, duration of suspension, mandatory testing prior to
re-licensing and rehabilitation and treatment programmes
(ICADTS 1995). A more recent documentation of different
legislations in European countries with respect to BAC thresholds, enforcement, sanctions for driving under the influence of
psychoactive substances and conditions for re-licensing has
been done within the DRUID project (Kaerup et al. 2010).
In addition, requirements are different depending on the
drivers’ responsibilities (according to the driving licence category). The evaluation of driving aptitude of professional drivers
(e.g. truck or taxi drivers) uses more stringent requirements
than evaluating the driving aptitude of persons that operate a
motor vehicle as part of their personal activities.
It is obvious that these differences are beyond the scope of
this chapter. Hence, only the basic requirements and strategies
from the view of developed countries are presented, and examples of national regulations are given but no paragraphs or
contents of administrative and criminal laws.

52.4.1 First issue of a driving licence
A precondition for issuing a driving licence is the driver’s aptitude. A person has to meet the physical and mental requirements that are needed to be able to drive a vehicle safely and
must not have committed severe or repeat traffic or criminal
offences. Thus, the driving licence is issued to healthy persons
of a minimum age (which is 18 in most countries) who have
passed a theoretical test and a driving test of skills and
behaviour.
Annex II of the Council Directive on Driving Licences of
the European Communities specifies the minimum standards
of driving skills for driving a power-driven vehicle. To drive
safely, drivers must have the following knowledge, skill and
behaviour:
• To recognise traffic dangers and assess their seriousness.
• To have sufficient command of their vehicle not to create
dangerous situations and to react appropriately should such
situations occur.
• To comply with road traffic regulations, and in particular
those intended to prevent road accidents and to maintain
the flow of traffic.
• To detect any major technical faults in their vehicles, in
particular those posing a safety hazard, and have them remedied in an appropriate fashion.
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• To take account of all the factors affecting driving behaviour
(e.g. alcohol, fatigue, poor eyesight, etc.) so as to retain full
use of the faculties needed to drive safely.
• To help ensure the safety of all road users, and in particular
the weakest and most exposed by showing due respect for
others.
Additionally, in Annex III, minimum standards of physical and
mental fitness for driving a power-driven vehicle are specified.
These refer, for example, to sight, motor disabilities, cardiovascular diseases, neurological diseases, mental disorders or the
consumption of psychotropic substances.
Overall, group 2 drivers have to meet special requirements.
Not only are the physical requirements stricter, but also the
mental (psycho-physical) requirements regarding permanent
performance, orientation, concentration, attention and reaction time.
Even if there are standard requirements, special emphasis is
put on the evaluation of individual cases. Physical or mental
deficits may be compensated for by a particular human disposition, by habituation, particular attitudes or behavioural adaptations. A person may have strategies to cope with his or her
deficits, so a driving licence or a conditional licence with certain
restrictions may be issued. In case of doubts, a medicopsychological assessment may be helpful. In such an assessment, all three aspects of driving aptitude have to be considered:
the physical, mental and character related driving aptitudes. It
has to be evaluated if physical functions (e.g. motor deficits) or
psycho-physical performance (e.g. concentration) are impaired
and if existing deficits can be compensated for by an appropriate behaviour, for example.
The requirements regarding driving aptitude have not only
to be met when issuing a licence, but over the whole period of
time in which a person holds the licence. If the requirements
are no longer met by a driver, the licence is withdrawn.

52.4.2 Detection of drivers unable or not
fit to drive
After the driving licence has been issued, the driving licence
agency will receive information about new developments concerning the driver’s aptitude only by an external notification.
In almost all cases the police and the court provide the information if doubts about the driver’s aptitude emerge when checking the fitness of a driver after a crash or unsafe driving. Besides
these official informants, physicians or the social environment
of the driver may give hints to the driving licence agency in
exceptional cases.

Gathering suspicions and evidence by
the police
In the scope of control of traffic safety, it is the function of the
police to detect drivers who may be unfit to drive, to investigate
the cause of it and to ensure evidence is gathered. The impor-

tance of this function is demonstrated by empirical studies: the
more intense the police conduct traffic checks, the more drivers
are detected and the number of drivers influenced by drugs
declines. When the number of traffic checks is reduced, the
number of drivers influenced by drugs increases again.
The strategy used for investigating suspicions is based on
aspects of performance, behaviour and mood as well as on the
determinants of driving aptitude and fitness to drive. Basically,
such methods can be differentiated into three stages (Musshoff
and Madea 2007):
1. In running traffic.
2. During contact with the driver.
3. During test procedures, medical examination and specimen taking.
In running traffic, possible suspicious behaviour may be:
• Handling of the car.
• Behaviour of driver and passengers.
• Weaving.
• Driving in the middle of the road.
• Manoeuvring (skidding on a curve or curb).
• Speed (too fast, too slow).
• Tailgating.
• Reactions (slow, belated).
• Starting or breaking abruptly or belatedly.
• Crashes or near crashes.
Further indications that the driver is not fit to drive may
emerge during contact with the driver, after he or she has been
stopped due to an unsafe operation or at a traffic control point.
For example:
• Behaviour and mood as well as changes in behaviour and
mood (tiredness, aggressiveness, etc.).
• Physical abnormalities (speech, walking, agitation, tremor,
etc.).
• Orientation, responsiveness, reaction, logic, etc.
• Abnormalities concerning clothes or smell (in the car, in the
respiratory air (drugs)).
• Pupils (extension and reaction of the pupil (illegal drugs,
hypnotics/sedatives)).
It is important to point out that a given abnormality represents only a suspicion of unfitness to drive and that it is not
final evidence. In the subsequent course of the investigation it
may be turn out that an ‘abnormality’ may be a ‘normal’ behaviour; for example, the ‘unsafe’ walking of a person suffering
from a walking disability.
If taking a blood specimen is not mandatory, as it is in
several developed countries after crashes with injured or killed
persons, the police will conduct a breath alcohol analysis or a
rapid test to detect the use of illegal drugs or medicines. In
general, a positive test result or serious abnormalities are
accompanied by the taking of a specimen (in general blood but
even or additionally saliva, urine, sweat or hairs). Depending
on the legal regulations of a country, a physician takes the blood
specimen and examines the driver according to a standardised
investigation record (e.g. walking, turn around, nystagmus,
finger–finger examination, nose–finger examination, etc.). The
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doctor will evaluate speech, pupil reaction, consciousness, orientation, thinking, behaviour and mood of the driver and will
summarise his or her impression about the level of impairment
of the driver. All information on the investigation will be documented in a police and medical record. In addition, witness
reports are registered so that in the end a complete data set is
on hand for any following procedures (e.g. judicial proceedings,
assessment of driving aptitude) to be based on.
Checking strategies by the police are mainly capable detecting causal factors such as age and use of drugs. Only seldom
can disease be evaluated as a causal factor for driving unsafely
– for instance where symptoms of a disease can be noticed,
where the driver mentions the disease or where a detected use
of a medicine points to a specific disease. Overtiredness, negative psychological aspects or stress can rarely be detected as
causal factors.

Information from physicians to patients and
the driving licence agency
With respect to traffic safety, physicians are at the forefront in
informing patients about the risks of diseases and medicines.
Since diseases usually emerge after the issue of a driving licence,
and hence the driving licence agency is not aware of the disease,
physicians are frequently the first person and often even the
only one who has knowledge of a disease or prescribed medicines that may endanger traffic safety. It is the duty of physicians to inform patients about the risks regarding fitness to
drive associated with the disease or the use of a medicament.
Information for physicians can be found in many national and
international recommendations and guidelines: in the USA the
American Medical Association in collaboration with the
National Highway Traffic Administration (NHTSA) has published the Physician’s Guide to Assessing and Counseling Older
Drivers (Wang et al. 2003) and in the European Union there is
the Classification of Medicinal Drugs and Driving (GómezTalegón et al. 2011).
If, despite advice from his or her physician, a patient drives
a car, or even a bus, the doctor may feel obliged to prevent the
patient from further participation in traffic with a vehicle. Since
the doctor cannot force the patient to abstain from driving, he
or she can consider informing the driving licence agency.
Certain countries even require physicians to report impaired
drivers or drivers with specific medical conditions to the driving
licence agency. In order not to violate medical confidentiality,
the following procedure should be considered: first, the physician should inform his or her patient once more and should
request the patient to certify the information in written form.
In case of an unreasonable patient, the physician has to balance
the patient’s mobility needs against the safety of other road
users. If he or she is convinced that other road traffic participants are endangered, it should be made unambiguously clear
to the patient that he or she will inform the driving licence
agency if the patient continues to drive a car. A notice to the
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driving licence agency is then possible and the agency will order
an assessment of the patient’s driving aptitude.

52.4.3 Assessment of fitness to drive
Usually, an assessment of fitness to drive is ordered during a
hearing in a traffic court. Due to the importance of an assessment for the driver (a job-related future may be at stake),
the authorised expert must have specialised knowledge in the
domain of fitness to drive. Depending on the question and the
cause for unfitness to drive (disease, drugs, etc.), additional
expertise may be necessary (e.g. psychological or medical specialist). The experts have to pass their opinions independently,
judicially and objectively and must consider each case on its
own merits.
It is important to point out an essential difference between
research and assessment. For an expert opinion, information
for each individual case must be used. The result of an experimental study, for example, that a statistically significant impairment of fitness to drive was found with a certain dose of a
medicament, is not sufficient to state unfitness to drive in an
individual case.
The requirements for an expert opinion are reviewed here
according to Berghaus (2007). Four aspects of an expert opinion
can be identified:
1. Questions.
2. Information and diagnostic findings including testing of
completeness and plausibility.
3. The assessment itself.
4. Answers to supplemental questions of involved persons
(e.g. accused driver, judge, advocate, attorney).
Depending on the national legal regulations, the question in
terms of the causal chain determinant → effect → unfitness to
drive will be: ‘Was the driver unfit to drive and is the determinant (alcohol, drug, etc.) the cause or at least concomitant
cause for unfitness to drive?’ To answer this competently, all
aspects of interest have to be gathered including the police
investigations, statements of the accused driver, witnesses and
police, medical reports and certificates, the patient’s records,
record of the specimen taking, chemical–toxicological findings
and additional examination results of psychologists and medical
specialists. In any cases of incomplete or missing information,
the expert has to ask for supplementary knowledge.
From a formal point of view, the expert opinion should fulfil
the following quality criteria: short and precise, scientific,
objective, judicial, comprehensible by the involved persons,
coherent, reviewable, reflecting the logic of evaluation and
answering concretely the posed questions. Concerning the
content, the expert opinion has to start with the history of
individual events that will be the basis for the assessment. This
description is very important, because it provides the evidence
that the expert has based the assessment on the correct facts
and because the expert can modify the assessment if additional
information is introduced in the hearing.
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The expert opinion has to cover three questions:
1. Was the driver unfit to drive?
2. Which causal factor existed in sufficient intensity at the
time of the event?
3. Was the unfitness to drive caused or at least concomitantly
caused by the causal factor?
The search for abnormalities is central with regard to unsafe
driving. Such abnormalities arise not only from the driving
itself (during the drive or crash) as direct indicators for unfitness to drive, but also from indirect indicators of behaviour and
mood of the driver during the time period immediately before
or after the drive. Indirect indicators can be divided into indicators for unfitness to drive or indicators for the effect of a causal
factor (e.g. drug effects; compare Chapters 58–60). Initially,
abnormalities have to be judged as events. They only can be
attributed to ‘unfitness to drive’ or to ‘effect of a causal factor’
if the history of events and the statements of the driver or witnesses assure that in this individual case it was not a ‘normal’
behaviour or mood. Besides the ‘unsafe walking’ example mentioned above, another example is the slight exceeding of speed.
When a young man drives slightly too fast on a road on which
all traffic participants drive too fast, exceeding the speed limit
will not be an abnormality indicating unfitness to drive or the
effect of a drug, but ‘normal’.
A driver has to be judged in the expert opinion as unfit to
drive if one or more indicators for unsafe driving are identified
without doubt. If no indicator can be found, the driver has to
be judged as fit to drive even if there may be, for example,
proved use of illegal drugs. Exceptions are cases with concentrations above the ‘per se limits’ that can even be punished without
indicators for unfitness to drive. Per se limits exist in most
developed countries for alcohol and in part for some illegal
drugs or medicines.
If unfitness to drive is proved, the question of the determinant that caused the unfitness arises. Hence, it has to be considered if there was an influencing factor in a sufficient intensity
at the time of the unfitness to drive that could be the cause of
the detected abnormality. Concerning age, it is no problem to
measure and interpret this determinant for the time of the
event. If a disease is suspected to be the influencing factor,
the expert has to evaluate the patient’s records, certificates
and medical reports as well as the results of the chemical–
toxicological expertise on medicines that may be used to cure
the disease. He or she has to estimate the intensity of the disease
at the time of the unfitness to drive and has to balance it against
the effects of adequate medicinal therapy (this is important; for
some diseases, as for example epilepsy, the taking of a medicament is even the prerequisite to be fit to drive!). Finally, the
expert has to discuss if the registered indicators can be caused
by the disease/medicament combination. Concerning the
determinant drug use, first the concentration of the drug measured in the specimen at the point of time when it was taken has
to be re-estimated for the time of unfitness to drive, as the
concentration can be different depending on the time period
between the event and taking the specimen, and depending on

the drug. Appropriate calculation techniques are provided by
the pharmacokinetic literature. The expert has to judge if the
indicators are in accordance with the concentration of the drug
at the time of the event. Concerning other causal factors (e.g.
overtiredness, character deficiencies, etc.) it is often very difficult to estimate the intensity for the time of the event and to
judge if the indicators correspond to the effects of the causal
factor.
In general, it is easier to identify the cause of unfitness to
drive if the raw indicators of unfitness correspond to an intense
effect of a determinant, as for example with a high concentration of a drug. Also, if a crash is accompanied by unsafe behaviour or if abnormalities were seen in running traffic as well as
during contact of the driver with the police and physician, the
evidence will be unambiguous. The expert opinion may be
more complicated in a case of a weak influencing factor or a
single indicator of unfitness to drive.
There may be supplemental questions of the offender, the
judge or the attorney after presentation of the expert opinion
that have to be answered. The better the expertise, the fewer
questions will arise.

52.4.4 Assessment of driving aptitude
After a driver has been detected as being unfit to drive, an
assessment of driving aptitude may be necessary, before the
driving licence can be renewed. Doubts about the driver’s aptitude arise, for example, in cases of high BAC, drug consumption, accidents of older drivers or drivers with diseases and also
if the driving licence agency gets knowledge of criminal offences.
For the renewal of a driving licence, the basic requirements are
the same as for the first issue (see Section 52.4.1), but the assessment must specifically consider the concrete information
leading to the doubts about the driver’s aptitude.

General requirements
The general requirements for the assessment of driving aptitude discussed here are based on Brenner-Hartmann (2007).
Basically, in traffic medicine, two kinds of assessment exist: the
medical assessment and the medico-psychological assessment.
In case of diseases (including alcohol or drug dependence) or
physical/mental deficits, a medical assessment can be ordered
by the driving licence agency. A medico-psychological assessment can be ordered, for example, in the following cases:
• Subsequent to a medical assessment if additionally
necessary.
• In a decision on the exemption of the minimum age.
• Serious problems in the driving test.
• Traffic-related criminal offences or criminal offences with a
high aggression potential.
• Renewal of the driving licence after repeated licence
withdrawal.
• Renewal of the driving licence after licence withdrawal due
to penalty points.

CHAPTER 52   DRIVING APTITUDE AND FITNESS TO DRIVE

1009

• Repeated or severe offences in the probation period.
• Signs of alcohol or drug abuse (e.g. driving under the influ-

• Consequent and provable alcohol abstinence.
• Problems leading to the alcohol dependency are dealt with

ence of psychoactive substances).
Both the medical and medico-psychological assessments
have to be coherent and reviewable. This means that the inducing facts and resulting questions must be included, the applied
assessment steps and, if necessary, an explanation and discussion of the findings and their meaning. It has to be clearly
distinguished in the report between the previous history and
the current findings. Before the assessment, information has to
be given about the subject matter and the purpose of the assessment, and notes about the assessment have to be made, thus
improving transparency. Additionally, the assessment report
must be comprehensible, so that the assessed person and
the driving licence agency are able to comprehend the report.
If the assessment leads to a negative result concerning the
driver’s aptitude, recommendations should be given on how
the preconditions for meeting the requirements can be
improved (e.g. by substance abuse counselling or a therapeutic
measure). A positive assessment may be made possible by
naming impositions (e.g. wearing glasses) or restrictions (e.g.
speed limitations).

intensively, preferably with the support of an addiction
therapy.
• The person assessed is motivated to maintain the
abstinence.
• The abstinence is stable (usually at least 1 year) due to strategies for reducing the risk of relapse and the support of the
social environment.

Special requirements depending on the
causal factors
In more and more countries, the driving aptitude of elderly
people is assessed every few years beginning at a defined age.
Concerning age-related physical and psycho-physical impairment, great individual differences may become obvious. When
assessing older drivers, a minimum of physical and psychophysical performance is required, as well as considering whether
they can compensate for their deficit/s.
In case of diseases, the following aspects should be considered for the assessment:
• General physical and psychological condition.
• Controllability of the disease by therapy, including
medication.
• Side effects of the medicines used.
• Duration, intensity and severity of the disease.
• Combination of diseases.
• Kind of participation in traffic of the driver (personal activities, commercial vehicles, professional drivers).
In cases of an assessment due to character deficiencies, the
focus lies on the prognosis of the behaviour and thus on the
psychological assessment. The analysis of attitudes and habits
and their causes, of attributions of the offender and of attitude
changes is central. A stable attitude and behavioural change is
of particular relevance; this means that time plays a role, but
also problem awareness and the living conditions of the
offender.
A stable attitude and behavioural change is also required
when assessing a driver’s aptitude due to use of psychoactive
substances. In case of alcohol dependency, for instance, the following requirements have to be met:

52.4.5 Conclusions
In view of the fact that there is a continuously increasing mobility between different countries, a harmonisation of the procedures for the issue and renewal of driving licences as well as of
the administrative and criminal procedures concerning the
fitness to drive is very important. This would encourage lawcompliant behaviour in other countries and would improve
traffic safety. Of course, this coordination must be based on a
quality assurance resulting from scientific knowledge.
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Effects of Cardiovascular Disease
on Fitness to Drive

Werner Jung

53.1 Introduction
53.1.1 Level of evidence
There are no prospective, controlled studies where patients
have been randomly assigned to permit or proscribe the driving
privilege, or where patients have been randomly assigned to
receive or not receive a physician’s advice not to drive. Furthermore, the defined standard of risk used in this chapter, while
sensibly derived, is arbitrary and was not based on any evidence
other than what had been acceptable historically. Given that all
recommendations for driving eligibility are based on a comparison with this arbitrary standard, they are based on expert
opinion only. Wherever possible, best evidence was used to
calculate the risks of driving, but it should be noted that the
evidence itself does not support or deny driving licence restrictions for cardiac patients or the mandatory reporting of such
patients by their physicians (Simpson et al. 2004).
In this chapter an effort has been made to consider the
inherently subjective nature of society’s tolerance for risk, while
also applying a scientifically based risk assessment mechanism
in an effort to make the recommendations not just acceptable
to society, but also consistent and justifiable.

53.1.2 Medical aspects of fitness to drive
Driving is a universal activity in all developed nations. It has
been estimated that ordinary drivers of private vehicles, depending on age and occupation, may spend an average of 250 hours
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a year at the wheel. For professional or vocational drivers the
figure is many times higher (Petch 1998).
In modern societies the motor car has become an essential
part of daily living. People who live in rural communities rely
on the car for such things as getting to work, shopping and
visiting. In all countries some regulation of driving activity is
usual with insistence on a level of competence and medical
fitness. To deny an individual an ordinary driving licence may
seriously restrict their lifestyle and should not be undertaken
lightly. Regulations therefore have to strike a balance between
the liberty of the individual and the threat that individual
might pose to others by virtue of being a potential cause of a
road traffic accident. Road traffic accidents are the commonest
cause of death in young people and account for a significant
minority of deaths each year in most developed countries, for
example in 1995 approximately 40 000 in the USA, 10 000 in
Germany and 4000 in the UK. There is, in addition, a substantial morbidity and a significant economic impact, both of
which are very difficult to estimate (Petch 1998).

53.1.3 Cardiovascular disease and driving
European data suggest that approximately 1.5–3.4% of road
accidents are attributed to sudden driver incapacity, with only
a minority being arrhythmia-related (Jung et al. 1997). Based
on the Canadian experience, only 5% of fatal road accidents
were due to an unexpected medical condition. Fatigue, alcohol
and drugs accounted for a large number of accidents, with
medical causes being infrequent. Age is another factor to

1012

PART VIII   TRAFFIC MEDICINE

consider; an increased risk of death among the young and
elderly has already been accepted by society for years. It is of
note that falling asleep, fatigue and alcohol represent a much
greater risk for death and injury at the wheel than sudden
incapacitation caused by ventricular tachyarrhythmias (Jung
et al. 1997). Given the inherent difficulty of determining an
arrhythmic cause for accidents, currently available data can
only be considered a rough estimate. These data do not convincingly show that sudden cardiac death (SCD) while driving
is a major public safety issue, but rather they show it is a rare
event and that fewer than 2% of sudden driver incapacitations
result in death or injury to other road users or innocent
bystanders (Jung et al. 1997). Whether high risk populations
(e.g. implantable cardioverter-defibrillator (ICD) patients) are
responsible for a higher frequency of arrhythmia-related motor
vehicle accidents has not yet been proven. In order to establish
driving regulations for ICD patients, it seems reasonable that
these recommendations should be based on an actuarial
approach, such as that pioneered in the field of aviation
medicine.

53.2 Derivation of the risk of
harm formula
In 1992, the Canadian Cardiovascular Society (CCS) consensus
conference document ‘Assessment of the cardiac patient for
fitness to drive’ was published (Brennan et al. 1992). Four years
later, as a result of significant advances in the investigation and
management of both arrhythmias and syncope, an update was
deemed necessary by the CCS Task Force that penned the original document. This document has served as the standard of
assessment since that time (Brennan et al. 1996). In 2003, the
membership perceived that a further update Fitness to Drive
and Fly was required, since significant developments had again
occurred in the evaluation and treatment of cardiac disorders,
rendering some of the recommendations obsolete (Simpson
et al. 2004).
In 1992, the CCS consensus conference developed a risk of
harm (RH) formula to quantify the level of risk to other road
users posed by a driver with heart disease (Brennan et al. 1992).
This risk of harm is assumed to be directly proportional to the
following (Simpson et al. 2004):
• Time spent behind the wheel or distance driven in a given
time period (TD).
• Type of vehicle driven (V).
• Risk of sudden cardiac incapacitation (SCI).
• The probability that such an event will result in a fatal or
injury-producing accident (Ac).
Expressing this statement as a formula:
RH = TD × V × SCI × Ac
Fewer than 2% of reported incidents of driver sudden death
or loss of consciousness have resulted in injury or death to

other road users or bystanders. In the formula, therefore,
Ac = 0.02 for all drivers. There is evidence that loss of control
of a heavy truck or passenger-carrying vehicle results in a more
devastating accident than loss of control of a private automobile. Truckers are involved in only about 2% of all road accidents but in approximately 7.2% of all fatal accidents. In the
formula, if V = 1 for a commercial driver, then V = 0.28 for a
private driver. There is no published standard or definition of
what level of risk is considered acceptable to society even
through this is crucial in the formulation of guidelines based
on the probability of some event occurring in a defined time
period. It was necessary, therefore, to develop such a standard.
For several years, the guidelines of the CCS, the Canadian
Medical Association and the Canadian Council of Motor Transport Administrators have permitted the driver of a heavy truck
to return to that occupation following an acute myocardial
infarction (MI) provided that he or she is functional class I with
a negative exercise stress test at 7 metabolic equivalents, has no
disqualifying ventricular arrhythmias and is at least 3 months
post infarct. On the basis of available data, however, such a
person cannot be assigned a risk lower than 1% of cardiac death
in the next year. The risk of sudden death would be lower than
this but is at least partially offset by the risk of other suddenly
disabling events such as syncope or stroke. For such a person,
SCI is estimated to be equal to 0.01 in the formula.
It may be assumed that the average commercial driver
spends 25% of his or her time behind the wheel. Thus, in the
formula, TD = 0.25. As indicated above, V may be assigned a
value of 1 for commercial drivers, with an Ac of 0.02 for all
drivers. Substituting into the formula:
RH = TD × V × SCI × Ac
= 0.25 × 1 × 0.01 × 0.02
= 0.00005
Allowing such a driver on the road is associated with an annual
risk of death or injury to others of approximately 1 in 20 000
(0.00005). This level of risk appears to be generally acceptable
to society.
A similar standard may be applied to the driver of a private
automobile. The average private driver spends approximately
4% of his or her time behind the wheel (TD = 0.04). As indicated above, for such a driver, V = 0.28 and Ac = 0.02. The
acceptable yearly risk of sudden death or cardiac incapacitation
for such a person would be calculated as follows:
RH = TD × V × SCI × Ac
0.00005 = 0.04 × 0.28 × SCI × 0.02
SCI = 0.223
Thus, the private automobile driver with a 22% risk of sustaining a sudden cardiac incapacitation in the next year poses no
greater threat to public safety than the heavy truck driver with
a 1% risk. Finally, for the commercial driver who drives a light
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vehicle, such as a taxicab or delivery truck, V = 0.28 and
TD = 0.25, placing them at a risk between that of the private
driver and the heavy truck driver.

53.3 Coronary heart disease
Cardiovascular diseases are currently the leading cause of death
in industrialised countries and are expected to become so in
emerging countries by 2020. Among these, coronary artery
disease (CAD) is the most prevalent manifestation and is associated with high mortality and morbidity. The clinical presentation of CAD includes stable angina pectoris and the acute
coronary syndrome which covers the spectrum of unstable
angina, non-ST-elevation MI (NSTEMI) and ST-elevation MI
(STEMI) (Hamm et al. 2011). MI is characterised by wellknown clinical, electrocardiographic (ECG), biochemical and
pathological characteristics.
• Patients with acute chest pain and persistent (>20 min) ST
segment elevation. This is termed ST-elevation acute coronary syndrome (STE-ACS) and generally reflects an acute
total coronary occlusion. Most of these patients will ultimately develop a STEMI. The therapeutic objective is to
achieve rapid, complete and sustained reperfusion by
primary angioplasty or fibrinolytic therapy.
• Patients with acute chest pain but without persistent ST
segment elevation. These patients have rather persistent or
transient ST segment depression or T-wave inversion, flat T
waves, pseudonormalisation of T waves or no ECG changes
at presentation. The initial strategy in these patients is to
alleviate ischaemia and symptoms, to monitor the patient
with serial ECGs, and to repeat measurements of markers of
myocardial necrosis. The working diagnosis of non-ST-elevation ACS (NSTE-ACS), based on the measurement of troponins, will be further qualified as NSTEMI or unstable
angina.

53.3.1 Hospital mortality and prognosis
Registry data consistently show that NSTE-ACS is more frequent than STE-ACS (Hamm et al. 2011). The annual incidence
is about three per 1000 inhabitants, but this varies between
countries. Hospital mortality in the first 15 days is higher in
patients with STEMI than among those with NSTE-ACS (7%
vs. 3–5%, respectively), but then a steadily decrease occurs (Fox
et al. 2006). At 1 month, the mortality rates are 9% for STEMI
patients and approximately 6% for NSTEMI patients. At 6
months, the mortality rates are very similar in both conditions
(12% and 13%, respectively). After the 15th day following MI,
mortality is less than 22% over a calculated 1-year period, thus
the yearly risk for sudden cardiac incapacitation is less than the
22% accepted risk boundary for a private driver. Long-term
follow-up showed that death rates were higher among patients
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with NSTE-ACS than with STE-ACS, with a two-fold difference
at 4 years. This difference in mid- and long-term evolution may
be due to different patient profiles since NSTE-ACS patients
tend to be older, with more co-morbidities, especially diabetes
and renal failure.
In the CAD population, SCD is a well-recognised phenomenon. While death is termed ‘sudden’ in epidemiological literature, it may not be instantaneous; there may be preceding
symptoms. Clearly, the patient who experiences chest pain
during driving does not pose the same risk as the driver who
has a sudden ventricular arrhythmia while behind the wheel.
However, ventricular arrhythmias may be more likely to occur
during the first 24 hours of an ACS. But, it is neither reasonable
nor practical to impose a driving restriction on all people at
risk for developing a coronary syndrome, given its high prevalence in our society and given our inability to predict the timing
of an occurrence with any degree of accuracy (CCS 2003).
Finally, most acute coronary syndromes are not associated with
sudden cardiac incapacitation.
In the RITA 3 (Randomised Intervention Trial of unstable
Angina 3) study, patients were randomly assigned to coronary
angiography and appropriate intervention (n = 895) or to a
symptom-guided conservative strategy (n = 915) (Poole-Wilson
et al. 2006). The death rate declined over time. In both groups
combined, the death rate in months 1, 2–4 and 5–12 was 0.48,
0.15 and 0.07 deaths/1000 days of follow-up, respectively. In the
first week, patients in both groups were at highest risk of death,
MI or refractory angina (incidence rate 40 times higher than in
months 5–12 of follow-up). Within 28 days, 24 patients died in
both groups, of which SCD accounted for only three of 15
deaths in the interventional group and three of nine deaths in
the conservative group, respectively.
The risk of sudden death from cardiac causes is increased
among survivors of acute MI with reduced left ventricular
systolic function. In the VALIANT (Valsartan in Acute Myocardial Infarction Trial) study (Solomon et al. 2005), this risk was
highest in the first 30 days after MI (1.4% per month) and
decreased to 0.14% per month after 2 years. Patients with a left
ventricular ejection fraction of ≤30% were at highest risk in this
early period (2.3% per month). Nineteen per cent of all sudden
deaths or episodes of cardiac arrest with resuscitation occurred
within the first 30 days after MI, and 83% of all patients who
died suddenly in the first 30 days did so after hospital discharge.
Each decrease of 5% points in the left ventricular ejection fraction was associated with a 21% adjusted increase in the risk of
sudden death or cardiac arrest with resuscitation in the first 30
days.
The risk of SCD following MI in community practice has
declined significantly over the past 30 years. In the Olmsted
County study (Adabag et al. 2008), SCD was independently
associated with heart failure but not with recurrent ischaemia.
The 30-day cumulative incidence of SCD was 1.2%, which was
four-fold higher than expected. Thereafter, the rate of SCD was
constant at 1.2% per year, yielding a 5-year cumulative incidence of 6.9%.
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Stable coronary artery disease
In the PEACE (Prevention of Events with Angiotensin Converting Enzyme Inhibition) trial (Hsia et al. 2008), 8290 patients
with stable CAD and preserved left ventricular systolic function
≥40% were randomised to trandolapril or placebo. The overall
incidence of SCD was 0.32% per year, contrasting with 0.70%
per year in the HOPE (Heart Outcomes Protection Evaluation
trial) study (Teo et al. 2004) and 0.67% per year in the study
published by Ikeda et al. (2006).

Percutaneous coronary interventions: In-stent
restenosis and stent thrombosis
In-stent restenosis and stent thrombosis remain the major limitations of percutaneous coronary intervention. In-stent restenosis reflects a complex underlying pathophysiology that involves
various combinations of residual coronary stenosis, recoil and
neointimal proliferation. Symptom status is an unreliable predictor of restenosis since many patients complain of noncardiac pain after angioplasty.
Stent thrombosis (ST) is usually associated with symptoms.
Persistent inflammation, hypersensitivity reactions, delayed
endothelial healing, strut fracture, late acquired malapposition
and neoatherosclerosis are proposed pathophysiological mechanisms associated with drug-eluting stent (DES) thrombosis.
The relative safety of DES and bare metal stents, especially with
respect to ST, continues to be debated. Better selection of stent
size, higher insufflation pressures, more frequent non-compliant
balloon postdilatation, and intravascular ultrasound are currently used for correct stent expansion. Data from a comprehensive network meta-analysis including 49 trials with 50,844
patients randomly assigned to treatment groups showed that
1-year definite ST was significantly lower with cobalt-chromium
everolimus-eluting stents (CoCr-EESs) than with bare metal
stents (odds ratio 0.23). The significant difference in ST between
CoCr-EESs and bare metal stents was evident as early as 30 days
(odds ratio 0.21) and was also significant between 31 days and
1 year (odds ratio 0.27) (Palmerini et al. 2012a).
Everolimus-eluting stents (EESs) compared with other DESs
reduced the relative risk of early ST (within 30 days), late ST
(31 days to 1 year), cumulative 1-year ST, and very late ST (1–2
years) (Palmerini et al. 2012b). At 30-day follow-up, there were
15 episodes (0.2%) of early definite ST among the 9294 patients
treated with an EES and 42 (0.6%) among the 6857 patients
treated with a paclitaxel-eluting stent (PES), sirolimus-eluting
stent (SES) or zotarolimus-eluting stent (ZES). Use of an EES
was associated with a significant reduction in early definite ST
(relative risk (RR) 0.28) compared with pooled PES, SES and
ZES stents. There were 10 episodes (0.1%) of late definite ST
among the 8515 patients treated with EESs and 24 episodes
(0.4%) of late definite ST among the 6111 patients treated with
PES, SES and ZES stents. At 1-year follow-up, there were 25
episodes (0.3%) of definite ST among the 9512 patients treated

with EESs and 66 (0.9%) among the 6963 patients treated with
PES, SES or ZES stents. At 2-year follow-up, there were 32 episodes (0.5%) of definite ST among the 6825 patients treated
with EESs and 68 (1.3%) among the 5109 patients treated with
PES, SES or ZES stents. EES use compared with a pooled group
of PES, SES and ZES use is associated with a significant reduction of definite ST, an effect that appears early and increases in
magnitude through at least 2 years.
Earlier data from a large, two institution cohort study
(Daemen et al. 2007) showed that late ST occurred steadily at
a constant rate of 0.6% per year up to 3 years after stent implantation. The incidence of early ST was similar for SES (1.1%)
and PES (1.3%) stents.

53.4 Arrhythmias
53.4.1 Bradycardia with and without
cardiac pacing
The safety of a patient driving with the diagnosis of a bradyarrhythmia is dependent on the presence of syncope before placement of the pacemaker, the reliability of the pacing system and
the underlying cardiac pathology. Bradyarrhythmias can be
divided into those with and those without syncope or presyncope. Patients with symptoms require cardiac pacing to drive.
Those without symptoms do not need a pacemaker and can
drive for as long as they are symptom-free. Patients who have
cardiac pacemakers are unlikely to have further symptomatic
bradycardia, and if symptoms recur they are unlikely to be due
to pacemaker malfunction. The risk of further driving is
dependent on the underlying cardiac pathology and is more
likely to be related to tachyarrhythmia than bradyarrhythmia
(Epstein et al. 1996). Pacemakers implanted for neurally mediated syncope may fail to prevent recurrent syncope if there is a
prominent vasodepressor component. Frequently, pacemakers
are implanted to increase cardiac output above resting levels
but not to prevent syncope. It is inappropriate to restrict the
driving of persons with a pacemaker; indirect support for this
position lies in the absence of problems observed. Indeed, when
pacemakers were first used, concerns about driving were raised
but disappeared when no problem was seen.
For patients who have lost consciousness due to a bradyarrhythmia, a period of time should pass to ensure stable lead
function before they return to driving; this should be 1 week
for non-commercial drivers and 4 weeks for commercial drivers,
because commercial drivers drive larger vehicles for a longer
time duration, and they may also have greater physical demands
(e.g. loading and unloading a truck). Pacemaker patients followed according to the published follow-up guidelines with
pacemakers programmed to an appropriate pacing safety
margin provide adequate assurance that the pacemaker will
protect the patient from syncope due to bradycardia.
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53.4.2 Supraventricular tachycardia
The supraventricular tachycardias comprise the atrial tachycardias, including focal atrial tachycardias, atrial fibrillation, atrial
flutter, atrioventricular re-entry, and atrioventricular nodal
re-entry. Although the general prognosis in patients with Wolff–
Parkinson–White syndrome and other supraventricular tachycardias is generally quite favourable, at least a single episode of
syncope is reported in approximately 25% of patients referred
to electrophysiology laboratories for assessment (Epstein et al.
1996). Sudden death is rare as the first manifestation of Wolff–
Parkinson–White syndrome and is seen only sporadically in
asymptomatic individuals with ventricular pre-excitation.
Atrial tachyarrhythmias in young patients following repair of
congenital heart disease can be associated with severe symptoms. Atrial fibrillation is the most common supraventricular
arrhythmia. Syncope related to atrial fibrillation is readily recognised in most instances as resulting from intermittent bradycardia or, conversely, a rapid ventricular rate.
There are no data documenting the frequency with which
syncope related to supraventricular tachycardia causes motor
vehicle accidents, but it is probably rare. A wide range of catheter ablative, operative and medical therapies offer definitive
cure or excellent control of symptoms with supraventricular
tachycardias. Patients with supraventricular tachycardias that
appear to be successfully ablated may drive after recovery from
the procedure, because the risk of arrhythmia recurrence and
risk of injury from recurrence are low.

53.4.3 Ventricular tachycardia
There is no reason a priori to make different recommendations
for patients with ventricular tachycardia (VT) or ventricular
fibrillation (VF) whose primary treatment is antiarrhythmic
drug therapy rather than ICD therapy (Epstein et al. 1996).
Patients with sustained VT or VF who are treated with
antiarrhythmic drugs should be prohibited from noncommercial driving for the first 6 months after initiation of
therapy to document an arrhythmia-free interval before they are
allowed to resume driving. If a second episode of ventricular
arrhythmia occurs after resuming driving, then another 6-month
period of abstinence from driving should be recommended to
provide sufficient time to judge whether the changes in medical
therapy have adequately suppressed arrhythmia recurrences. As
with ICD-treated patients, it is recommended that all commercial driving be permanently prohibited in patients with VT or
VF who are treated primarily with antiarrhythmic drugs.
It is probably reasonable to make exceptions to the above
recommendations for patients who have idiopathic VT and who
do not have symptoms of impaired consciousness with their
presenting arrhythmia. Such patients should be shown by
extensive evaluation to have normal ventricular function,
normal coronary arteries, no evidence of hypertrophic cardio-
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myopathy and no evidence of right ventricular dysplasia.
Because such patients do not have obstructive coronary artery
disease, they are unlikely to develop enough myocardial ischaemia during their arrhythmia to render the tachycardia electrically unstable; degeneration of VT to VF in such patients is rare
(Epstein et al. 1996). Accordingly, it is likely that if the patient
has not had symptoms of impaired consciousness with the presenting arrhythmia, he or she will tolerate future episodes
equally well. Thus, in selected individuals, a shorter period of
driving restriction may be appropriate once medical therapy
has been initiated.

53.4.4 Implantable cardioverter
defibrillators
In 1997, the Working Groups on Cardiac Pacing and Arrhythmias
of the European Society of Cardiology published recommendations on driving by patients with ICDs (Jung et al. 1997). In 1996,
in the USA, the American Heart Association developed a scientific
statement entitled ‘Personal and public safety issues related to
arrhythmias that may affect consciousness: implications for regulation and physician recommendations’ (Epstein et al. 1996). Both
reports focused mainly on patients with secondary prevention
and recommended a driving restriction of 6 months after ICD
implantation for this patient population. Since the original publication of these medical/scientific statements, multiple trials have
established the role of ICDs for the primary prevention of SCD in
patients at risk for life-threatening ventricular arrhythmias who
have never had sustained VT or VF. In 2007, an addendum was
developed in the United States to extend the original 1996 recommendations and to provide updated guidelines regarding individuals with ICDs implanted for primary prevention who may
undertake activities, specifically driving, that may put themselves
or others at risk if consciousness were to be impaired by a cardiac
arrhythmia. Furthermore, in 2009 a consensus statement of the
European Heart Rhythm Association presenting updated recommendations for driving by patients with ICDs was published
(Vijgen et al. 2009).
Factors that determine the risk of harm are:
• The frequency and the time course of arrhythmia
recurrence.
• The likelihood that such recurrences are associated with
impaired consciousness.
• The risk that such an event will cause an accident.
• The probability that such an accident will result in death or
injury to the patient and other road users, innocent bystanders or passengers.

Risk of recurrence of arrhythmia in patients
implanted for secondary prevention
The 5-year actuarial incidence of appropriate ICD shocks varies
somewhat from study to study, ranging from 55% to 70%, and
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may also be influenced by the study population receiving the
ICD. Several studies have shown an incidence of ICD therapy
delivery of approximately 50% within the first year of ICD
implantation, after which hazard rates calculated for consecutive 12-month intervals decline markedly (Epstein et al. 1996;
Jung et al. 1997). The initial 6 months are the period of highest
risk for appropriate as well as inappropriate shock therapy. A
powerful predictor of an increased risk of first arrhythmia
occurrence is a severely depressed left ventricular ejection fraction, leading to an actuarial incidence of the first ICD therapy
at least two to three times greater than that of patients with
well-preserved left ventricular function. The absence of ICD
therapy during the first year of ICD implantation has been
associated with a lower risk of arrhythmia recurrence, ranging
from approximately 10% to 20% annually. In contrast, patients
who experience ICD therapy are at increased risk of receiving
further ICD discharges during the subsequent years, with an
estimated actuarial incidence in the order of 20–40% in the
next 3 years. Published data suggest that the occurrence of a
first shock did not predict a subsequent period of freedom from
a second shock. Furthermore, the second shock-free survival
curve indicated that the majority of patients who will experience a second shock did so within 6 months or less of the first
shock. The results of another study supported the findings that
subsequent ICD discharges occurred earlier than the first ICD
therapy and were not predictable by any clinical variable (Jung
et al. 1997).
Unlike the occurrence of first shock therapies, no clinical
variable identifies a group at lower risk for subsequent ICD
therapies. Data from the Polish registry of 2162 patients
implanted for secondary prevention of SCD showed that the
probability of ICD intervention for VF or fast VT during 10
years of follow-up was 52.3% (Vijgen et al. 2009). The mean
time to first intervention was 344 ± 416 days. Fifty per cent of
patients had an appropriate ICD intervention during the first
194 days after implantation. The probability of arrhythmic episodes was 1.9% in the first month, 3.3% in the second month
and 3.7% in the third month. In the 3 months thereafter the
added probability remained below 2% per month.

function, type of underlying heart disease, electrophysiological
findings, rate of ventricular tachycardia, antiarrhythmic medications and type of pulse generator implanted, were found to
be predictors of syncope. Kou and co-workers showed that twothirds of the patients who experienced syncope in association
with subsequent ICD shocks did not experience syncope during
their first shock. Based on their data, they concluded that an
absence of syncope during the first shock did not predict
freedom from syncope during subsequent shocks.
Freedberg et al. (2001) followed 125 ICD patients for
408 ± 321 days. Sustained monomorphic VT and low ejection
fraction predicted a higher risk of future ICD therapy. Patients
with minimally symptomatic tachycardia at first occurrence
had a high likelihood of having asymptomatic subsequent
symptoms, and were felt to be at very low risk for syncopal ICD
therapy if the first event was asymptomatic or minimally symptomatic. Bansch et al. (1998) retrospectively analysed data on
421 patients with an ICD followed for 26 ± 18 months. Of these
patients, 229 (54.4%) had recurrent VT/VF, and 62 (14.7%) had
syncope. Low baseline left ventricular ejection fraction, induction of fast VT (cycle length <300 ms) during programmed
stimulation, and chronic atrial fibrillation were associated with
an increased risk of syncope. However, these data are retrospective, and more importantly no information on the programming of the ICDs has been provided. Programming of a certain
ICD therapy may have a major impact on the frequency and
severity of symptoms during ICD therapy delivery. In a study
of 98 patients in France (Lerecouvreux et al. 2005), syncope
occurred in 16% of patient who received ICD shocks. Abello
et al. (2006) compared 26 patients with spontaneous syncopal
VT with 50 patients with non-syncopal VT prior to ICD
implantation. Patients who presented with syncopal VT were
more likely to experience syncope at follow-up. The median
time to recurrence of syncopal VT was 376 days. Thus, in
patients who experience a shock during follow-up, approximately 10–20% have presyncope or syncope in association with
ICD therapy delivery.

Risk of syncope in patients implanted for
secondary prevention

Most studies evaluating the incidence of motor vehicle accidents in patients with an ICD were conducted retrospectively
or based on surveys and interviews. The frequency of resumption of driving within 6 months of ICD implant was assessed
in the AVID (Antiarrhythmics Versus Implantable Defibrillator) study (Hickey et al., 2001). These patients were largely from
the USA; 58% of patients resumed driving an automobile, and
the predictors of earlier resumption of driving were a younger
age, male sex and university education. A total of 3.8% of
patients reported having had an accident within the first 6
months, with only one out of 14 of these patients reporting
arrhythmic symptoms before the accident, implying that the
other events were unrelated to the device.
DiCarlo et al. (1992) reviewed driving restrictions in the
midwest USA, and compatibility with state laws. Fifty-three per

Although actuarial data for the incidence of ICD therapy delivery are available, this does not necessarily equate with the incidence of incapacitation. It is important to stress that most
patients with sustained ventricular arrhythmias experience
only minimal or no symptoms prior to ICD discharge (Jung
et al. 1997). The likelihood that treatment of a ventricular tachyarrhythmia in an ICD patient will be associated with disabling
symptoms or even syncope has been addressed in a study by
Kou et al. (1991) in 180 ICD recipients. The investigators
showed that only 16 of 106 patients (15%) who received shock
therapy from their ICD had syncope. Unfortunately, no clinical
variables, including age, sex, history of syncope, left ventricular

Risk of harm to patients and bystanders
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cent of responding cardiologists only advised those ICD patients
who had arrhythmia-induced presyncope or physical collapse
to cease driving. The remainder advised all implanted patients
to stop driving. Most cardiologists recommended a temporary
driving abstinence for a period of 2–12 months (6 ± 3 months).
Minimal legal requirements in the midwest states were variable.
Conti et al. (1997) surveyed 82 patients who were followed for
6 ± 1.3 years, and drove 33 ± 43.5 km a day (20.5 ± 27 miles/
day). All patients in this group had defibrillator shocks. Ninety
per cent of the 52 patients resumed driving, and none experienced device discharge while driving during the follow-up time
period. Curtis et al. (1995) surveyed 742 US physicians who
followed defibrillator patients: 452 physicians responded, and
a total of 30 motor vehicle accidents related to shocks from
implanted defibrillators were reported by 25 physicians over a
12-year period. The estimated fatality rate for patients with a
defibrillator was 7.5 per 100 000 patient-years, significantly
lower than for the general population (18.4 per 100 000 patientyears). The injury rate for ICD patients was also very substantially less than for the general public, 17.6 versus 2224 per
100 000 patient-years. Of 286 defibrillator discharges documented while driving, 10.5% resulted in an accident. Trappe
et al. (1998) examined the driving behaviour of 291 ICD
patients. Fifty-nine per cent of 241 patients continued driving
post implant and were followed for 38 ± 26 months. No patients
died while driving; there were 11 accidents, but only one caused
by the driver with an ICD, and none were related to syncopal
symptoms or ICD therapy. Five per cent of all patients over
this time received ICD therapy while driving; 74% of these
occurred more than 2 years post implant. No patient had
syncope or an accident with this event. Larsen et al. (1994) followed 511 patients with an implanted defibrillator for a mean
of 26 months. The 1-year event rate for all patients was 17%.
The monthly hazard rate for defibrillator discharge was 4.22%
per month in the first month, declining to 1.81% per month at
months 2 to 7, and subsequently to 0.63% per month. This risk
of defibrillator discharge per month was only slightly higher
than the risk of any traffic accident involving death, injury or
major damage amongst all licensed Oregon drivers (0.4% per
month) or drivers aged 16–19 (0.9% per month). Since only
8% of the patients in this study were treated with an ICD, these
data predominantly refer to patients receiving antiarrhythmic
drug treatment.
Akiyama et al. (2001) administered questionnaires regarding
driving to 909 patients in the AVID study. Of the 758 patients
who responded (83% of the total), 627 drove in the year prior
to their index episode of ventricular arrhythmia. Fifty-seven
per cent of these drivers resumed driving within 3 months after
randomisation in the AVID trial and 78% within 6 months, and
88% within 12 months. Two per cent of patients during
follow-up had a syncopal episode while driving, and 11% had
dizziness or palpitations that required stopping the vehicle.
Eight per cent of the patients with an ICD received a shock
while driving. Of the 55 accidents during 1619 patient-years of
follow-up after resumption of driving, 11% were preceded by
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any symptom of possible arrhythmia (0.4% per patient per
year). The annual incidence of accidents in the ICD population
of 3.4% per patient-year was substantially lower than the accident rates in the general driving population in the United States
of 7.1% per patient-year. In this study, there was no relationship
between the duration of abstinence from driving after an
episode of ventricular tachyarrhythmia and the subsequent risk
of a motor vehicle accident. The authors felt that the data do
not support a temporary restriction of driving in this setting.
For a decade there was no compelling new evidence to question these recommendations. Recently Albert et al. (2007)
reported the results of the TOVA (Triggers of Ventricular
Arrhythmias) study: a prospective case–crossover study comparing the risk of ICD shock for VT/VF both during and up to
60 minutes after an episode of driving. Of 1188 ICD patients
followed, 73% were implanted for secondary prevention. The
majority of patients (80%) reported driving a car at least once
a week. Participants reported spending a median of 3.8 hours
per week or 2.3% of their time driving a car. Over a mean
follow-up of 562 days, there were 193 ICD shocks for VT/VF
with data on exposure to driving before an ICD shock. The
absolute risk of ICD shock for VT/VF within 1 hour of driving
was estimated to be one episode per 25 116 person-hours spent
driving. The risk occurred primarily during the 30-minute
period after driving (RR 4.46, 95% confidence interval (CI)
2.92–6.82) rather than during the driving episode itself (RR
1.05, 95% CI 0.48–2.30). The authors concluded that the risk
for ICD shock for VT/VF was not elevated during driving and
the absolute risk was low (Albert et al. 2007).
Based on the above mentioned data, the risk of symptoms
that may lead to incapacity behind the wheel, with or without
a defibrillator discharge, in patients with defibrillators implanted
for secondary prophylaxis is very low. Since patients resuscitated for cardiac arrest very often need extensive time to recover
from the event, there was consensus among the European
experts not to reduce the restriction time to less than 3 months.
Patients should have an assessment of their functional class and
cognitive functions before resumption of driving. On the other
hand, the American guidelines still recommend a 6-month
driving restriction period after ICD implantation for secondary
prevention. Finally, the European Expert Group on Driving and
Cardiovascular Disease will probably release a document in the
near future that will further shorten driving restriction to 1
month after ICD implantation; this is comparable to the
German guidelines that have been recently published (Klein
et al. 2010).

Risk of arrhythmia occurrence in patients with
primary ICDs
To estimate the risk of driving in patients with ICDs, infor
mation about the frequency of appropriate shocks and associated symptoms is crucial. Although no published data exist
on symptoms at the time of shocks in patients enrolled in trials
of ICDs for primary prevention, four trials have published
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information on the rate of ICD discharges. Of the eight primary
prevention trials, each reported overall mortality data, and rates
of SCD were reported from five trials (Epstein et al. 2007).
Nevertheless, although mortality and SCD rates are of some
value in estimating the overall risk of the patient population,
these characteristics are of limited value for defining the hazards
of driving after primary prevention ICD implantation. Patients
with ICDs for primary prevention are generally considered at
lower risk for sudden incapacitation while driving. This is based
on mortality data, rates of SCD and rate of ICD discharges
reported from primary prevention trials. Annualised mortality
rates range from 1.6% of patients per year in the MADIT (Multicenter Automatic Defibrillator Implantation Trial) II trial
(Moss et al. 2002) to 12% of patients per year in the COMPANION (Comparison of Medical Therapy, Pacing and Defibrillation in Heart Failure) trial (Bristow et al. 2004) of patients with
New York Heart Association class III–IV congestive heart
failure. Annualised mortality rates in the other six trials ranged
from 4% to 8.5% of patients per year. The average annual mortality in the ICD arms of these trials was about 7% of patients
per year. Rates of SCD or arrhythmic deaths ranged from 0.5%
to 1.8% of patients per year, which can be considered low. In
the SCD-HeFT (Sudden Cardiac Death in Heart Failure Trial)
study (Bardy et al. 2005), 259 (31%) of the 829 patients with
ICDs received shocks for any reason, with 177 of these shocks
being for VF or rapid VT. During 5 years of follow-up, the
annual rate of appropriate ICD discharge was 7.5% per year.
In an American Heart Association/Heart Rhythm Society
scientific statement on personal and public safety issues related
to arrhythmias that may affect consciousness, Epstein et al.
(2007) calculated the risk of likelihood of an event while driving
in ICD patients implanted for primary prevention. On the basis
of data published by Conti et al. (1997), the authors assume
that the average person with an ICD drives 13–32 km (8–20
miles) per day for purely personal reasons, which is about 2%
of the day. When coupling these data with the results of trials
of primary prevention, which demonstrated ICD discharge
rates of 7.5% of patients per year, the likelihood of an ICD
discharge while driving is in the range of 0.15% of patients per
year. The authors conclude that no private automobile driving
restrictions need be applied to patients who are asymptomatic
from an arrhythmia standpoint.
The results of these controlled clinical trials were recently
confirmed in routine clinical practice. Alsheikh-Ali et al. (2008)
reported on the incidence and time dependence of appropriate
ICD therapy in 525 patients implanted for primary prevention
in a single institute. Appropriate therapy occurred in 115 (22%)
patients. The incidence of appropriate therapy was 20% in the
first year after implant, 12% in year 2, and 6–11% per year for
up to 7 years post implant. The incidence of syncope was not
reported. In a study of 1718 patients implanted for primary
prevention in a single centre in the Netherlands (Thijssen et al.
2011), 190 patients (10%) received appropriate therapy, and
median time to first appropriate shock was 417 days. From those
190 patients who received a first appropriate shock, 65 patients

(34%) received a second appropriate shock. The median time
between the first and second appropriate shock was 66 days.
In the period after ICD implantation, the patient needs to
recover from the procedure and wound healing needs to take
place. Several studies have shown that lead dislodgements, perforations and pocket problems tend to occur later after implantation and will remain unnoticed at the 72-hour device check
(Vijgen et al. 2009). Therefore, the task force recommends a
second system integrity check after 4 weeks before resumption
of driving. The American guidelines (Epstein et al. 2007) recommend that patients receiving ICDs for primary prevention
should be restricted from driving a private automobile for at
least 1 week to allow for recovery from implantation of the
defibrillator which is in line with the German recommendations (Klein et al. 2010).

53.5 Syncope
Syncope is a transient loss of consciousness due to transient
global cerebral hypoperfusion characterised by a rapid onset,
short duration and spontaneous complete recovery. Syncope is
a common problem, affecting as many as 50% of people at
some point during their life. This therefore poses a substantial
problem for regulatory agencies, which need to balance the risk
to the public due to accidents with the economic and personal
risk due to loss of the ability to drive by millions. In the vast
majority of cases, a single isolated episode of syncope will occur
that may not be reported by the patient to a physician. Most of
these episodes represent vasovagal syncope, which can usually
be diagnosed by history, and do not warrant further investigation. When syncope is unexplained, further testing is necessary
to arrive at a diagnosis and to direct possible therapy. Because
there is a small risk of recurrence and incapacitation during
driving, consideration of restricting driving privileges is intuitive to protect both the patient and the public. Although emerging evidence assists recommendations with respect to estimating
the risk of incapacitation, there is no evidence regarding the
impact of restriction and little evidence regarding the comparative efficacy of interventions to allow systematic assignment of
levels of evidence to recommendations (CCS 2003).

53.5.1 Reflex syncope (neurally mediated
syncope)
Reflex syncope traditionally refers to a heterogeneous group of
conditions in which cardiovascular reflexes that are normally
useful in controlling the circulation become intermittently
inappropriate, in response to a trigger. This results in vasodilatation and/or bradycardia and thereby a fall in arterial blood
pressure and global cerebral perfusion. Reflex syncope may be
classified based on its trigger: vasovagal syncope, also known as
the ‘common faint’; situational syncope, which traditionally
refers to reflex syncope associated with some specific circum-
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stances; and carotid sinus syncope, which deserves special
mention. In its rare spontaneous form the latter is triggered by
mechanical manipulation of the carotid sinuses. In the more
common form no mechanical trigger is found and it is diagnosed by carotid sinus massage.
Vasovagal syncope and carotid sinus syncope can both result
in an abrupt loss of consciousness caused by reflexive overactivity of the autonomic nervous system. Although these disorders
can produce isolated hypotension or bradycardia, a mixed
response is commonly observed. The decision to allow a patient
to return to driving after an episode of neurally mediated syncope
or presyncope is complicated by the variable nature of the illness.
Many adults have experienced a single syncopal episode without
recurrence and have not sought medical attention. In contrast,
some patients suffer from a severe form of the syndrome with
multiple recurrences of syncope despite aggressive medical
management. Common faints are most likely vasovagal in aetiology and generally have recognisable precipitating events (e,g,
prolonged standing, a hot room, pain, fear, the sight of blood)
and warning symptoms (e.g. flushing, nausea, diaphoresis, lightheadedness). Consequently the history of the syncopal event
often provides strong diagnostic clues. However, the head-up tilt
test is being used with increasing frequency to support the diagnosis of vasovagal syncope. The natural history of carotid sinus
syncope suggests a low incidence of recurrent syncope in treated
patients. A recent prospective randomised trial in patients with
carotid sinus syncope supports an important role for permanent
pacing in these patients. During a 3-year follow-up, syncope
recurred in 57% of patients without pacemakers (16 of 28) and
in 9% of patients with pacemakers (three of 32).
The decision to allow a patient to resume driving should be
based on the severity and nature of the presenting event. Mild
vasovagal syncope or carotid sinus syncope is characterised by
mild symptoms (usually without syncope), occurs with warning
and usually only with standing, has clear precipitating causes
and is infrequent. By distinction, severe vasovagal syncope or
carotid sinus syncope is characterised by severe symptoms
(usually syncope), occurs without warning and in any position,
has no clear precipitating causes and/or occurs frequently.

53.5.2 Orthostatic hypotension
Orthostatic hypotension is defined as an abnormal decrease in
systolic blood pressure upon standing. Classic orthostatic
hypotension is a physical sign defined as a decrease in systolic
blood pressure of ≥20 mmHg and in diastolic blood pressure of
≥10 mmHg within 3 minutes of standing, described in patients
with pure autonomic failure, hypovolaemia or other forms of
autonomic failure.

53.5.3 Cardiac syncope (cardiovascular)
Arrhythmias are the most common cardiac causes of syncope.
They include bradycardias as well as tachycardias. Structural
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cardiovascular diseases can cause syncope when circulatory
demands outweigh the impaired ability of the heart to increase
its output. The most frequent cardiovascular diseases that can
cause syncope include valvular disease (aortic stenosis), hypertrophic cardiomyopathy, pulmonary embolus and acute aortic
dissection.

53.5.4 Prognosis of syncope
With regard to the prognosis (i.e. risk stratification) associated
with syncope, two important elements should be considered:
(i) risk of death and life-threatening events; and (ii) risk of
recurrence of syncope and physical injury. Structural heart
disease and primary electrical disease are major risk factors for
SCD and overall mortality in patients with syncope. In population studies (Moya et al. 2009), approximately one-third of
patients had a recurrence of syncope in 3 years’ follow-up. The
number of episodes of syncope during life is the strongest predictor of recurrence. Recurrent syncope has serious effects on
quality of life. The physical impairment due to syncope is comparable with chronic illnesses such as chronic arthritis, recurrent moderate depressive disorders and end-stage renal disease.
Additional treatment may be necessary in unpredictable and
frequent syncope, in particular when very frequent syncope
alters quality of life, recurrent syncope without, or with, very
short prodrome exposes patients to a risk of trauma, and when
syncope occurs during high risk activities (e.g. driving, machine
operation, flying, competitive athletics) (Moya et al. 2009).

53.5.5 Driving and syncope
In a survey (Maas et al. 2003) among 104 patients, 3% of
patients with syncope reported it to have occurred while they
were driving; only 1% crashed their vehicles. Among those
advised not to drive, only 9% followed this advice. Among
patients with life-threatening ventricular arrhythmias enrolled
in the AVID trial (Akiyama et al. 2001), 207 symptoms suggestive of tachyarrhythmia recurred frequently while driving, but
they were unlikely to lead to motor vehicle accidents (which
occurred at a rate of 0.4% per patient-year). The probability of
an accident was lower than the annual accident rate in the
general population and was independent of the duration of
abstinence from driving. A recent study (Sorajja et al. 2009)
provided long-term follow-up information on recurrence of
syncope in a large population who had syncope while driving.
Among 3877 consecutive patients evaluated for syncope, 380
(9.8%) had syncope while driving, which was commonly caused
by reflex syncope (37%) or cardiac arrhythmia (12%). Recurrence of syncope during driving occurred in only 10 patients.
The cumulative probability of recurrence while driving was 7%
in 8 years. Total recurrence rate and long-term survival in the
driving group was comparable with that of patients who did
not have syncope while driving. For public safety, the risk of
syncope-mediated driving accidents (0.8% per year) appeared
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to be substantially less than in young (16–24 years) and elderly
drivers (both high risk accident groups).
In this study by Sorajja et al. (2009), neurally mediated
syncope was the most common type of syncope while driving.
The causes of syncope, the late recurrences of syncope (during
≥6 months of follow-up) and the overall low incidence of
recurrent syncope while driving provide useful information to
supplement current recommendations on driving for these
patients. These data suggest that the risk of vehicle accident in
patients with a history of syncope is not different from that of
the general population of drivers without syncope.

53.6 Heart failure
53.6.1 Classification of heart failure
Mild, moderate or severe heart failure (HF) is used as a clinical
symptomatic description, where mild is used for patients who
can move around with no important limitations of dyspnoea
or fatigue, severe for patients who are markedly symptomatic
and need frequent medical attention, and moderate for the
remaining patient cohort. Two classifications of the severity of
HF are commonly employed. One is based on symptoms and
exercise capacity – the New York Heart Association (NYHA)
functional classification. The NYHA functional classification
has proved to be clinically useful and it is employed routinely
in most randomised clinical trials. The other classification
describes HF in stages based on structural changes and symptoms. All patients with overt HF are in stages C and D.

53.6.2 Different types of heart failure
A common description of HF distinguishes different types of
the syndrome according to its mechanism (systolic vs. diastolic), its aetiology (ischaemic vs. non-ischaemic) or its clinical
presentation (acute vs. chronic) (Zannad et al. 2009).

53.6.3 Epidemiology of heart failure
in Europe
Heart failure is one of the most important causes of morbidity
and mortality in the industrialised world. According to the
European Society of Cardiology, within 51 European countries
representing a population of 900 million, it is estimated that
there are at least 15 million patients with HF (Zannad et al.
2009). The prevalence of HF is estimated at 1–2% in the western
world, and the incidence is estimated at 5–10 per 1000 persons
per year, with a mean age of HF population of 74 years. Persons
younger than 50 years are hardly ever found to have HF. In a
recent US population-based study (Redfield et al. 2003), the
prevalence rate of HF was 2.2% (95% CI 1.6–2.8), increasing

with age: 0.7% in persons aged 45–54 years, 1.3% in persons
aged 55–64 years, 1.5% in persons aged 65–74 years and 8.4%
for those aged 75 years or older. Similar increasing prevalence
trends were reported in the Rotterdam study (Mosterd et al.
1999): from 1% in persons aged 55– 64 years to 13% in those
aged 75–84 years. The rise in the incidence and prevalence of
HF globally is the result of improved care of acute MI combined
with the ageing of the population and the emerging pandemic
of cardiovascular disease in developing countries. HF hospitalisation represents 1–2% of all hospital admissions, which makes
it the leading cause of hospitalisation for patients older than 65
years. HF has a huge impact on health-related quality of life
and appears as an economic burden nowadays. It is estimated
that 1–2% of all health care expenditure is devoted to HF in
developed countries (Zannad et al. 2009).

53.6.4 Causes and co-morbidity of
heart failure
Heart failure is associated with ischaemic heart disease (46–
68%), arterial hypertension (53–66%), diabetes (27–38%),
arrhythmia, especially atrial fibrillation (21–42%), and renal
insufficiency (17–53%). HF is associated with serious morbidities, such as renal failure, cancer, cirrhosis, hepatic insufficiency
or chronic obstructive pulmonary disease (Zannad et al. 2009).

53.6.5 Heart failure mortality
and prognosis
Mortality rates among groups of HF patients are highly variable
and range from 5% to 75% per year. The results of both the
Framingham Heart Study (Levy et al. 2002) and a populationbased study in Olmsted County, Minnesota (Roger et al. 2004)
suggested decreases of age-adjusted mortality rates in patients
after the onset of HF in the last decades. However, 5-year ageadjusted mortality rates after onset of HF remained high in
these two studies, with higher rates in men (50% in men vs.
46% in women for the Olmsted County population-based
study). The vast majority of patients with HF die from cardiovascular causes; estimates vary from 50% to 90%, depending
on the HF population studied. Furthermore, the mode of death
is also divergent, in that some patients die suddenly (many of
ventricular arrhythmia) and others die of progressive failure of
cardiac function (pump failure). Among cardiovascular causes
of death, SCD poses a major threat, with up to 50% of HF
patients dying of SCD. Importantly, the relative contribution of
sudden death to total death rate decreases when the clinical
severity of HF increases. It is at its maximum (50%) in patients
with low left ventricular ejection fraction (LVEF) and in NYHA
class I and II, and lowest in patients with advanced HF where
patients die mostly from pump failure. This is an important
element influencing the relative benefit, and, therefore, the
indications for ICDs.
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Prediction of the likely mode of death in an individual HF
patient, and of the relative and absolute risks of the different
modes of death among different HF patients, might allow more
rational or cost-effective use of specific HF medications or
devices. Prior reports have investigated the relationship of
single risk factors with mode of death in HF, but prediction
models that combine the information from multiple risk factors
may more optimally capture overall risk (Mozaffarian et al.
2007). The Seattle heart failure model (SHFM) is a validated
prediction model that estimates total mortality in patients with
HF by using commonly obtained clinical, laboratory, medication and device variables (Levy et al. 2006).
Optimal HF therapy as tolerated is appropriate across the
whole spectrum of the SHFM score. The proportion of deaths
that resulted from sudden death was greater in patients with
lower SHFM scores because the incidence of pump failure
death increased faster than sudden death with higher SHFM
scores (Mozaffarian et al. 2007). In the Metoprolol CR/XL Randomised Intervention Trial in Congestive Heart Failure
(MERIT-HF) (MERIT-HF Study Group 1999), the proportion
of deaths that resulted from sudden death in NYHA class II, III
and IV patients was 64%, 57% and 33%, respectively, whereas
the 1-year absolute risk (cumulative incidence) of sudden death
was 4%, 6% and 6% (only 145 patients were NYHA class IV).
In the SHFM analysis, the proportion of deaths that resulted
from sudden death in NYHA class II, III and IV patients was
65%, 51% and 45%, respectively, whereas the 1-year absolute
risk was 4%, 7% and 13%. In comparison, across increasing
SHFM scores (0 to 4), the proportion of deaths that resulted
from sudden death was 79%, 57%, 43%, 40% and 28%, whereas
the absolute risk at 1 year was 4%, 6%, 10%, 23% and 25%,
respectively (Mozaffarian et al. 2007). These findings suggest
that the SHFM more finely discriminates between HF severity
and related risk than does NYHA class.
To determine potential optimal treatments, both absolute
rates of different modes of death and proportions of deaths
(competing risks) from different modes of death might be
important. NYHA class is commonly used as a proxy for HF
severity and for the definition of patient subgroups to evaluate
or form recommendations with regard to specific treatments.
The SHFM and NYHA class systems were compared for predicting absolute rates and proportions of different modes of
death. Across categories of NYHA class, both absolute rates
and proportional risks were relatively similar for patients
with the same SHFM score. For example, among patients with
a SHFM score of 2, rates of sudden death were eight, 10 and
11 per 100 person-years for NYHA class II, III and IV, respectively, whereas proportions of sudden deaths were 39%, 40%
and 45% for NYHA class II, III and IV, respectively. In contrast,
within each category of NYHA class, the SHFM strongly predicted absolute rates and proportional risks of sudden death
and pump failure (P for trend <0.001 across higher SHFM
scores within each category of NYHA class) (Mozaffarian et al.
2007).

1021

Patients with a non-ischaemic HF aetiology have a better
prognosis than those patients with an ischaemic cause of HF.
Annual follow-up investigations are mandatory according to
the current European HF guidelines with special emphasis
on driving issues and adherence to the optimal medical HF
treatment.

53.6.6 Driving restrictions
Heart failure with NYHA I
NYHA class I patients are at the lowest risk for an incapacita
ting cardiac event and are therefore acceptable for private
driving. For those patients with an ejection fraction (EF) less
than or equal to 35% there is an approximately 5% annual risk
of death and a 2.5% annual risk of SCD. Commercial driving
therefore is not recommended for patients with an EF less
than 35%, since the acceptable annual risk for commercial
drivers has been set at 1%. In patients with a LVEF above 35%,
commercial driving may be allowed based on an individual
decision.

Heart failure with NYHA II
NYHA class II patients are at proportionally higher risk of
sudden death and less risk of progressive HF. Based on the
β-blocker and angiotensin-converting enzyme inhibitor trials,
the annual risk of death in the treatment arm was 7.2–10.4%
and the annual risk of sudden death in a NYHA class II patient
was approximately 6%. These risks are within the risk of annual
sudden cardiac incapacitation of 22% and, as such, patients
who are NYHA class II are fit for driving a private motor
vehicle. However, again, this risk would be too high to allow
commercial driving where the LVEF is below 35%. For those
patients with a more preserved LVEF of >35%, permission for
commercial driving has to be decided individually.

Heart failure with NYHA III
NYHA class III patients have an annual risk of total mortality
of approximately 14%, with a 1-year absolute sudden death risk
of 7%. Patients with a chronic NYHA class III status are allowed
to drive a private car provided that the disease is kept stable.
Adherence to the optimal medical treatment is mandatory.
Commercial driving is prohibited regardless of the underlying
LVEF.

Heart failure with NYHA IV
The annual total mortality risk in NYHA class IV patients or
unstable NYHA class III patients ranges between 13% and 25%.
Driving is restricted for private drivers as well as for commercial
driving because the symptoms are so severe that the driver is
not able to focus on the traffic.
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Effects of Vision and Visual
Fields on Fitness to Drive

Patrick Vivell

54.1 Introduction
The eye is the most important sensory organ of the human body
and is responsible for around 70% of our daily perceptions. It is
estimated that visual information makes up for 90% of the
overall information used while driving a car (Hills 1980). Good
vision at daytime and night is an indispensable prerequisite for
driving a car. This applies to motorists as well as to the so-called
‘weaker’ road users (pedestrians and cyclists). The important
visual functions for a motorist are day vision, visual field,
mesopic vision and glare sensitivity, position and motility,
colour vision and stereoscopic vision. The proportion of accidents caused by poor eyesight probably lies in the same range as
the proportion of accidents caused through the effects of alcohol,
around 7% (Harms 1987; Lachenmayr 2003). This is alarmingly
high. The awareness level of road users with regard to the importance of good vision is markedly low. Hence it is necessary to
raise awareness. Moreover, with increasing age, eyesight weakens
slowly and insidiously, often hardly noticed by the ageing person.
This is important to consider, in particular because the number
of road users of older age groups is rising rapidly (Kroj 1985;
Lund 1993). This chapter discusses (with examples) the changes
and diseases of the eyes that could lead to driving unfitness.

54.2 Problems with vision
54.2.1 Reduced visual acuity
Refractive errors are the most common cause of reduced visual
acuity. According to some recent information, every fifth vehicle
Handbook of Forensic Medicine, First Edition. Edited by Burkhard Madea.
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driver in Germany would either not or barely just manage to
pass the eyesight test for obtaining a driving licence. Around
7% of drivers move around on roads with a maximum visual
acuity of 50%. Amongst younger motorists below 55 years of
age, refractive errors are the main cause of visual deficiencies
(Dannheim & Harms 1985). In such cases, one could become
fit to drive again simply through the prescription of glasses.
Normally, visual acuity that corresponds to the resolution of an
arc minute (i.e. visual acuity = 1) is considered to be normal.
The most common refractive error is short-sightedness
(myopia). In the USA, myopias of up to –2.25 diopters are
found in 16% of the population, average myopias of –2.5 to
–6.0 diopters in 8% of the population, and higher myopias of
–6.25 diopters and above in 0.5% of the population (Online
Journal of Ophthalmology 2005).

What does myopia mean?
The eye is anatomically too long considering the high refractive
power of the cornea and lens. While looking in the distance, a
blurred image is seen since the light rays meet at a point in front
of the retina because of the eye’s shape. In most cases, shortsightedness increases until the age of 25 years through longitudinal growth of the eyes, after which it stops getting worse.

Correcting short-sightedness
There are various ways of correcting short-sightedness. The
simplest way is the use of glasses. Wearing contact lenses is also
suitable for driving motor vehicles so long as the required visual
acuity is reached. In the last few years surgical treatment of
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myopia and hyperopia (on a smaller scale) using an excimer
laser has become quite common.

night with car headlights around. This effect is caused by diffuse
light dispersion within the cloudy lens.

Relevance for road users

How quickly does a cataract develop?

Day vision is the most important visual function for safe use of
vehicles on roads. A motorist requires good day vision, in particular for cross-country travel and while overtaking, when he
or she has to judge the speed of other drivers who are driving
their vehicles relatively close to him or her.
Excellent eyesight is also essential for estimating relative
speeds on long-distance journeys. The basic principle is the
higher the driving speed, the greater the visual acuity should
be. Even in city traffic, good vision is essential to ensure that
the traffic signs, signals and other road users can be recognised
in a timely manner.

How quickly a cataract develops varies from one patient to the
other and can even vary from one eye to the other. Most of the
age-related cataracts gradually worsen over years. Other cataracts, especially those affecting young people and diabetic
patients, worsen quite rapidly under certain conditions over a
few months and can badly damage the eyesight. It is not possible to predict how quickly a cataract would develop in a
particular human individual.

54.2.2 Cataract
Classification
A cataract (in German known as a ‘grey star’) is a clouding that
develops in the lens of the eye and is mostly seen in people of
older age groups; 90% of all cataract cases are age-related. Very
rarely a cataract develops due to an injury to the eye, from
radiation (e.g. X-rays, infrared or UV radiation), as a side effect
of drugs (e.g. long-term cortisone intake) or due to chronic
inflammation of the eye (e.g. iritis/iridocyclitis), systematic diseases (e.g. diabetes mellitus) or congenital reasons, for example
after a prenatal (intrauterine) infection (e.g. rubella).

Epidemiology
Cataract is the most common cause of blindness in the world.
It is mostly seen in developing countries where surgical procedures are rarely feasible, especially for poor people, due to poor
medical infrastructure. Fifty per cent of the population in the
age group 52–64 years has a cataract and most without even
knowing it. One hundred per cent of the population in the age
group 65–75 years have a cataract, and 50% of the people only
note their visual deficiency after reaching an age of 75 years.

Clinical symptoms
Since cataracts develop insidiously, a patient will only recognise
it in its later stages. As a cataract develops, the lens of the eye
becomes thick and cloudy. Light penetrates the lens with difficulty and objects in the surrounding areas appear to be
blurred. Objects in the periphery can be seen less sharply and
give a distorted, dim and blurred impression. No pain is felt,
however. Contrast loses its sharpness and colours lose their
brightness. It feels like looking through a fogged up window
pane or a glass of milk. Quite often, patients complain about
strong glare if the sun is out or if there is backlighting and at

Therapy
A cataract operation is the only therapy. There are no medicines, food supplements, exercises or optical devices for helping
prevent or cure cataracts. In the initial stage of a cataract, glasses
may help to improve the eyesight.

What is the right time for surgery?
A cataract operation should be considered when loss of sight is
significant enough to hinder a person from carrying out daily
life activities. It is not at all true that a cataract must be ‘fully
developed’ before it can be operated on. A cataract operation
can be carried out when it is essential to improve visual acuity.
Does the patient have adequate eyesight to proceed with his or
her profession or drive a vehicle safely? Can he or she read and
watch television comfortably? Can daily tasks be done, such as
cooking, shopping, gardening and intake of medicines without
any difficulties? Due to varying individual symptoms, the
patient should consult an optician before deciding when to
receive eye surgery.

What is the success rate of cataract operations?
The cataract operation is one of the most common operations
worldwide. In Germany alone, around 80 000 patients were
treated for cataract in 2007, which makes for one operation per
100 inhabitants per year. Hence, the number of cataract operations clearly exceeds the number of births. In 95% of cataract
operations, no complications are seen. In cataract operations
that are carried out on an in-patient or out-patient basis with
local narcosis, the cloudy lens is removed from the eye orbit. In
most cases, the focusing ability of the natural lens is restored
by replacing it with a permanent intraocular lens implant. Cataract operations are extremely successful. Visual acuity is
improved in over 90% of all cases unless there is any corneal,
retinal or optic nerve damage. Around 90% of the patients
operated for cataracts achieve a visual acuity of between 50%
and 100% (0.5–1). Unfortunately, an increased glare sensitivity
and reduced mesopic vision do not show the level of improvement desired by doctors or patients after the operation. This is
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because apart from changes in the lens, the ageing processes in
the retina are also responsible for complications that can not
be improved through such cataract operations.

Relevance for road users
Cataracts lead to a reduction in visual acuity and also quite
frequently to a reduced mesopic vision and increased glare
sensitivity, which can be particularly noticed while driving at
night. Apart from this, it can limit the visual field and lead to
diplopia and/or colour vision disorders.

Mesopic vision and glare sensitivity
The state of mesopic vision gives an indication about a driver’s
contrast sensitivity in cases of mesopic adaptation. The intensity of illumination while driving at night lies around 0.1 candela
(cd)/m2. Under these conditions, the visual acuity of a person
with normal eyesight falls below 0.5, that is around 50% of the
visual acuity during the day. The visual acuity using optotypes
of different sizes is not checked here. Rather, the contrast sensitivity is examined by changing test figure contrast with respect
to the surroundings.
Intact mesopic vision and normal glare sensitivity are the
basic requirements for safe driving at night. If mesopic vision
is reduced, a motorist will not be able to recognise other drivers
in time due to the glare caused through light coming from other
vehicles or installed road lighting. It is not uncommon for
visual perception to be completely distorted in cases of increased
glare sensitivity. The most common cause of reduced mesopic
vision and increased glare sensitivity is cloudiness of the refractive medium as in cataract or macular oedema. If there is a
disorder of these visual functions, driving ability at dawn and
night will consequently be limited and in the event of a severe
disorder, night driving has to be forbidden. The reviewer must
be aware that if someone has normal daytime visual acuity, he
or she cannot conclude that the visual acuity at night or dawn
is normal too. Minor cloudiness of the refractive medium that
does not lead to any measurable reduction in daytime visual
acuity may reduce mesopic vision and increase glare sensitivity
considerably. Therefore, a careful examination of these visual
functions needs to be carried out using suitable equipment.

Examination method
In Germany, the examination has to be carried out with devices
that have been approved by the relevant commissions of the
German Society of Ophthalmology (DOG 2003). Driving at
night is only acceptable when a Landolt ring with a gap width
of 10′ or an acknowledged and equivalent eye test figure can be
recognised at the following contrast levels and basic light densities. A basic criterion similar to DIN 58220 (visual acuity test)
must be realisable. From the five offered eye test figures, three
must be recognised correctly. This means that for the critical
contrast levels 1 : 5 and 1 : 2.7, at least five different test figures

must be presented. It should be possible to determine the
degree of any night myopia during such an examination

Recommendations of the German Society
of Ophthalmology
A driver who does not recognise test figures with high contrast
(1 : 23) is definitely not fit enough to drive motor vehicles safely
at night and dawn. In such a case, the report must suggest a
prohibition of driving at night.
In traffic at night, even a young motorist reaches the limits
of his or her visual ability on a regular basis. Some accident
statistics show that motorists with reduced mesopic vision and/
or increased glare sensitivity cause a large number of traffic
accidents at night. A reduction in mesopic vision and increase
in glare sensitivity cannot be compensated for by anything. In
glare situations, visual perception can be very restricted or even
completely impaired. This is one reason why a large number of
traffic accidents involving pedestrians and fatal outcomes take
place at dawn and night.

54.2.3 Diabetic retinopathy
Epidemiology
There are at least 6 million diabetic patients in Germany,
although the latest figures suggest as many as 8 million patients.
Every year, around 1800 patients become blind due to diabetic
retinopathy. Hence, diabetic retinopathy is the most common
cause for blindness in Western industrial nations.

Pathophysiology
A diabetic metabolic state that has persisted over a long period
of time causes the endothelial cells of retinal blood vessels to
be damaged. Through this, the blood–retina barrier is disturbed. Microcirculation is affected badly and microaneurysms
and perfusion defects develop. Consequently, blockages in
some large as well as small blood vessels, exudations and neovascularisations result. Diabetic retinopathy can be divided into
non-proliferative and advanced proliferative stages. Even for
diabetic maculopathy, various forms can be differentiated from
one another.

Clinical symptoms and diagnosis
The diagnosis of diabetic retinal disease is carried out through
retinal endoscopy. Typically, retinal bleedings, bulges of blood
vessels (microaneurysms), exudations from blood vessels and
cottonwool flocks as an expression of reduced blood supply of
the retina can be seen. In advanced stages, proliferations of
blood vessels and bleeding in the vitreous humour can also be
noted. In some cases, fluorescence angiography of the retina, a
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method which shows the retinal blood vessels using a dye, can
prove useful for the diagnosis.
Patients affected by diabetic retinopathy do not notice the
changes that distort their vision for a long time. Consequently,
visual field defects, visual acuity disorders and abstruse colour
vision disorders may result.

Therapy
The most important therapy available is laser coagulation of
the retina. In stages where the disease has not advanced to a
great extent yet, further vascular changes may be prevented in
most cases through laser coagulation. In severe cases, complete
blindness of the eye may be prevented through vitrectomy.
In the future, intraocular application of vascular endothelial
growth factor (VEGF) inhibitors may be adopted as a therapeutic approach.

Relevance for road users
Depending on the localisation of the damage caused to the
retina in the event of diabetes, different symptoms may be
noticed. The visual acuity may be reduced and defects in the
visual field may result in particular. Even colour vision disorders are possible alongside diabetic retinopathy. Likewise, some
changes might result from the therapy which may make a
person unfit to drive a vehicle since some scars could emerge
at areas on the retina that have been treated with laser. These
scars lead in turn to visual field defects.

54.2.4 Glaucoma
Classification
Glaucoma (in German ‘green star’) is a group of diseases that
lead to visual field defects. The definition of chronic open angle
glaucoma according to the American Academy of Ophthalmology (Garrat 1989) is a disease that normally affects both of the
eyes, but not in a symmetrical way, with characteristic sign of
glaucomatous optic nerve damage on one side. This either leads
to morphological changes in the pupils and/or nerve fibre layer
or to changes in the visual field, or to rather both.
Quite frequently, but not always, glaucoma is accompanied
by an increase in intraocular pressure. The resulting visual field
changes are noted at a later point of time by the patient. Since
the cells of the central nervous system (CNS) are damaged here,
the damaged areas are irreparable. Hence, preventative measures are very important. The aim of therapy can only be to
prevent any existing defects from advancing further.
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around 70 million people suffer from a relevant type of glaucoma. At least 7 million glaucoma patients are blind on both
sides. The following risk factors need to be considered in glaucoma: age, familial predisposition, black skin colour, increased
intraocular pressure, short or long sightedness, blood circulation disorders (such as hypotension or vasospasms) and
changed optic disc morphology.

Clinical symptoms and diagnosis
The diagnosis of glaucoma is based on a number of factors;
important pieces include: ocular pressure, condition of the
optic nerve and structure of the optic nerve fibres. In the early
stage of the disease, visual functions remain largely unaffected.
Later, they begin to get impaired. Visual field defects are not
noted by patients for a long time since they are replaced by the
brain with some figurative elements (nobody ever notices
the scotoma of the blind spot present in the eye!). By the time
the patient notices the visual field defects, the disease is already
advanced. An early diagnosis is crucial as the visual field can
only be kept intact where it is diagnosised early. Perimetry is an
important test in examining the degree of damage.

Therapy
Therapy for glaucoma takes place in steps. First of all, eye drops
of various active ingredient classes are used. These include
parasympathomimetic drugs (miotic drugs), β-blockers,
α-adrenergic substances, carbonic anhydrase inhibitors, prostaglandins and drug combinations. In the event of eye drop
failure, the second step of therapy is carried out with laser
radiation using argon laser trabeculoplasty (ALT) or yttrium
aluminium garnet (YAG) indectomy. The third step that might
follow is a pressure-releasing surgical procedure.

Relevance for road users
Glaucoma leads to defects in the visual field. When considering
fitness to drive, the central visual field in the 30° region, as well
as peripheral visual field regions in the horizontal meridian, are
important. What type of visual field defects make a person unfit
to drive a vehicle on roads? Defects in the binocular central
visual field as well as defects in the binocular horizontal visual
field on the left or right side lead to driving restrictions. Defects
that lie at the top or the bottom are of comparatively lower
importance and may not necessarily lead to any driving
restrictions.

54.2.5 Retinitis pigmentosa

Epidemiology

Classification

In Germany, 3% of the population suffer from glaucoma; less
than half of these people know about the diagnosis. Worldwide,

Retinitis pigmentosa is a generic term for various hereditary
diseases related to retina–choroid dystrophies that normally
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affect both eyes. Both of these have one thing in common – they
both lead to a progressive concentric visual field restriction and
mesopic vision disorders (night blindness). There is progressive
loss of photoreceptors caused through phagocytic disorder of
the retinal pigment epithelial layer. Funduscopically, one can
observe pigment deposits in the midperiphery, constriction of
retinal blood vessels and yellowish optic disc atrophy. Perimetrically, relative and absolute defects in the midperiphery
develop first of all that coalesce together increasingly and lead
to ring scotomas. In cases of further progress with loss of the
complete peripheral region, so-called ‘tunnel vision’ may result.

become impossible. Two forms of AMD can be differentiated:
dry macular degeneration and dramatically progressing moist
macular degeneration.

Epidemiology

Frequency

In industrial nations, AMD is the most common cause for loss
of visual acuity in old age. The frequency of disease increases
with age. The prevalence of people who are blind due to AMD
(as defined by the law) is 1% in the age group 65–74 years and
5% in the age group 75–84 years (Kirchhoff 2000). Twenty-six
per cent of the population over 50 years of age are affected by
various stages of the disease.

The disease has a frequency of 1 : 50 000.

Therapy

Inheritance

Vascular endothelial growth factor inhibitors are applied
intraocularly and preferred over all other drugs. They can stabilise the visual acuity and may even improve it in a few cases.
It cannot be predicted whether they would enable one to drive
a vehicle again.
In a few patients, laser coagulation proves to be a successful
method in stabilising the process for some time. Other surgical
procedures such as retinal rotations are still in their trial stages.

In most cases, the disease is caused by a spontaneous mutation.
Amongst the various traits, the autosomal recessive form (80%)
is the most common, followed by the autosomal dominant
(15%) and the comparatively rare X-chromosomal recessive
forms (Merin & Auerbach 1976).

Therapy
No therapy is known of date.

Relevance for road users
Due to the visual field changes, as well as the mesopic vision
disorders that accompany retinitis pigmentosa, driving is not
possible. For less serious cases that are limited to peripheral or
incongruent retinal regions, it may be possible to obtain a
driving licence with special restrictions. However, if it is suspected that the disease may develop further, it is more appropriate to dissuade the patient from obtaining a driving licence even
if the prerequisites have been fulfilled.

54.2.6 Macular degeneration
Classification
Besides the rare juvenile forms of macular degeneration, the
age-related form (AMD) is of great importance. Macular
degeneration affects the central part of the retina where the
fovea lies and leads to a massive drop in visual acuity and a
central scotoma in the visual field. Progressive, irreversible
destruction of the central receptors of retina is responsible for
this. The peripheral parts of the retina remain unaffected from
the disease and hence orientation in space is not affected.
Through the loss of visual acuity on a large scale, reading,
driving and recognition of colours or fine details of objects

Relevance for road users
If visual acuity falls below 0.5/0.2 due to AMD, one is no longer
fit to drive a vehicle. The same applies to congruently lying
visual field defects.

54.2.7 Position and motility
In disorders relating to position and motility of eyes, diplopia
might result. The main causes are eye muscle disorders of different origins. If there are any indications of distorted binocular
vision, the fields of binocular vision, the double image zones
and fields of one-sided image exclusion have to be measured
for distant view. A distance of 2.5 m may be adequate for the
distant view. An examination carried out in the form of the
Harms’ tangent screen measurement method is very reliable.

Relevance for road users
The occasional or permanent perception of double images
makes it difficult for a person to allocate objects in exterior
spaces with certainty and spatial orientation is distorted in such
a case.
Movement: In case of diplopia, trembling of the eyes as
well strabismus without double vision in the central vision
field with normal head posture is acceptable. Double
vision outside a central vision field of 20 degrees in diam-
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eter is also acceptable. In case of monocular vision: normal
movement of the functional eye. (DOG 2003)
With the term ‘normal head posture’, the following recommendation is paraphrased: a forced posture of the head with up to
10° of head rotation or elevation/depression and up to 10° of
head tilt is allowed if the forced posture is considered to be
pain-free, habitual and unaffected through external influences.
In this position, the field of binocular vision has to be measured. The field of binocular vision must have a diameter of at
least 20° in horizontal and vertical directions. If there is a nystagmus or the applicant adopts a forced head posture during
the eye test, it has to be examined whether the minimum
required visual acuity can be achieved in the visual fields
described above. Here, the time required for recognition should
measure around 1 second per test figure.

54.2.8 Stereo vision
Relevance for road users
Intact stereoscopic depth vision (stereo vision) helps a motorist
to estimate distances in the vicinity of the vehicle within a range
of 30–50 m. For greater distances, stereoscopic vision is no
longer effective. Currently, there is no statistically ascertained
scientific knowledge about the road accident risks related to a
deficiency of stereo vision. There is no scientifically ascertained
threshold value in this regard either.

54.2.9 Colour vision disorders
Classification
Most colour vision disorders are inherited and transferred
through the X-chromosome. Because of this, men are more
commonly affected by these disorders (c. 8%) than women (c.
0.4%). The most common colour vision disorder is deuteranomaly (green deficiency; 50% of the cases), followed by deuteranopia (green blindness; 25%), protanopia (red blindness;
15%) and protanomalia (red deficiency; 10%). Disorders of
blue–yellow vision as well as total colour blindness are rare.
Inherited colour vision disorders may emerge together with
optic nerve or retinal diseases. Yellow vision can be caused by
poisoning or overdose of medicines (glycosides).

Relevance for road users
Colour gives a driver valuable information in various traffic
situations. Colour has a signalling effect and significantly
improves the recognition of relevant objects in traffic under
certain conditions. The information perceived by a person with
normal colour vision can be only partly or not at all used by
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someone with a colour vision disorder. However, it has to be
noted that different contrasts of colour appear with different
contrasts of brightness for a person with a colour vision disorder and, through this, it may be possible to compensate for part
of colour vision capacity. It is important in particular to be able
to recognise red signal lights, for example rear position and
brake lamps of a vehicle in front under poor visibility conditions. Hence, colour vision in the red spectrum (protanopy and
protanomalia) carries particular importance for road traffic
and some limitations are essential under certain conditions. In
other colour vision disorders (e.g. green deficiency), no limitations are required.

Examination method
The examination of colour vision has to be carried out with
suitable pigment panel systems or with colour test discs. The
pigment panels should be designed such that besides red–green
disorders, blue–yellow disorders can also be diagnosed. The
examination always has to be carried out with at least two different systems. In an anomaloscope colour blindness test, the
value lying furthest from the mean value in the case of an
anomaly has to be taken as the anomaly quotient.

54.3 Visual field disorders
Classification
Retinal lesions can cause two different types of visual field
defects depending on their localisations and dimensions. Functional disorders of various retinal cell components lead to localised defects that correspond, perimetrically in their dimensions,
to the damaged area on the retina. Mothwing-shaped defects
associated with diabetic retinopathy are typical for localised
visual field defects (Lachenmayr & Vivell 1992). If the nerve
fibre layer is damaged in addition, signal conduction via the
axons might be discontinued. The result is a nerve fibre bundle
defect, such as glaucoma.

Relevance for road users
An intact visual field is an indispensable prerequisite for driving
a vehicle on the roads. The visual field is of as much value as
central vision acuity in daytime. Most traffic situations of
importance for a driver are captured in the central field within
20–25° distance from the visual field centre. Binocular and tallying visual field defects within this central visual field make
one completely unfit to drive. A driver also needs peripheral
visual field areas in the horizontal meridian – before changing
lanes, he or she must make sure whether the lane lying to the
right or left is free without turning his or her head. In order to
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judge with certainty here, the horizontal visual field is needed
almost up to the edge of physiological limits. Here, no restrictions are acceptable. For the driver, the binocular visual field is
of great practical value and it hence needs to be examined in
doubtful cases. If there are defects in both eyes, an examination
of the binocular visual field should give an idea whether the
defects are congruent or not.

Examination method
For examining the visual field, it is essential to use equally illuminated test equipment calibrated in the same way to allow
examination of the complete visual field under controlled and
standardised conditions. Normally, this is only assured with the
use of hemispherical perimeters. Arc perimeters do not fulfil
this requirement and are hence unsuitable. Up to date, the
examination of the visual field for analysing the fitness of a
person to drive a vehicle was based on the use of manual perimeters of the Goldmann type. In order to carry out a precise
examination of the visual field, at least 4 isopters must be determined. For the outermost isopter, the benchmark test III/4
must be used.
If automatic perimeters are used, test point grids and testing
strategies must be used that allow a conclusion comparable to
the results of a Goldmann perimeter with regard to the central
and peripheral visual fields. The light intensity in the surroundings must be 10 cd/m2. The trademark Goldmann III/4 (or
equivalent trademark) must be used. It must be ensured that
the central and peripheral visual field can be examined adequately. The horizontal visual field diameter must be at least
120°. In total, at least 100 test points should be examined that
extend up to at least 70° temporally and 40° nasally, 40° in the
upward direction and 40° downward.
If any defects are found while examining with automatic
parameters, and if these defects would lead to the possible or
definite rejection of a driving licence, re-examination is necessary using the manual kinetic method with the Goldmann
parameter. In any doubtful case, the results of manual perimetry would be used to come up with the final decision.

Assessment of visual field defects
For driving licence categories A, A1, B, BE, M, L, S and T, a
normal visual field of one eye or an equivalent binocular visual
field is required – that is the binocular visual field must be able
to carry out the function of a normal monocular visual field.
For driving licence categories C, C1, CE, C1E, D, D1, DE, D1E
and the driving licence for the transport of domestic passengers, a normal visual field for each eye or at least a normal
binocular visual field is required. The horizontal peripheral
area and the central visual field up to 30° are strictly assessed
since this is the most important area for a motorist. Minor
limitations in the upper and lower outer peripheral region do
not have to be assessed strictly however. In visual field defects

caused by visual pathway lesions, the following points need to
be considered.

Homonymous hemianopsia
The central 20° area of the visual field must be maintained on
all sides with normal sensitivity. In a distorted hemifield, the
horizontal field must be intact up to an eccentricity of 30° and
10° above and 10° below the horizontals. The other hemifield
must be completely normal. In these special cases, the optician
must be further convinced about the adequate ability of a
proband to drive a vehicle on a road (e.g. ask about the number
of years of driving without any accidents, case history report
provided by a third party). These recommendations do not
apply to driving licence categories C and D or to the transport
of passengers. In doubtful cases, a special driving examination
may be discussed.

Bitemporal hemianopsia
As long as patients with a bitemporal hemianopsia exhibit
stable fusion with normal binocular vision, they can be considered for a driving licence of class B (but not for category C and
D or for the transport of passengers). In cases of temporary
discontinuation of the fusion, the patient can only see with a
hemianopic visual field and hence has central visual field
defects; double vision might result as well. In such a situation,
a person cannot be considered fit for a driving licence. In case
of further progression of the disease, short-term eye check-ups
are essential.

54.4 Condition after an
eye operation
More and more eye operations are being carried out on an
outpatient basis. Here, the question arises when can one drive
a vehicle again after an eye operation? Quite often, patients who
undergo cataract operations, in particular, desire to resume
driving as soon as possible since this is the main reason behind
their decision to undergo the operation. Directly after the operation, it is generally not possible to drive a vehicle since a
bandage is applied on the eyes with which driving is not possible. Apart from this, the pupils are widened for the operation
and in this state a vehicle cannot be driven. Quite often after
the operation, an anisometropy might exist in the first eye operated, such that eye glasses are needed to correct the vision in
the eye that has not been operated on yet. The second eye must
be operated on as soon as possible in order to restore the ability
to drive again. Sometimes, glasses may also be necessary to
compensate for any small refinements.
After refractive surgery, rehabilitation does not last too long
normally since both eyes are usually operated on in a single
session. If visual acuity is good after the operation, the author-
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ity to drive a vehicle may be granted to the patient. After loss
of an eye, whether through an accident or after operative
removal, a time period of 3 months must pass for adapting to
the new visual situation before driving again. After widening of
the pupils (generally for diagnostic purposes), a vehicle may not
be driven until the mydriasis ends (normally after 2 hours).
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acuity. This applies in particular to situations in which a driver
overtakes another vehicle, for instance on a countryside road.
Considering the best possible level of eyesight correction that
can be achieved, the affected person has to drive slowly in contrast to someone with normal eyesight.

Visual field defects

54.5 Problems of vision in
older motorists
Safe road use is only possible with normal eyesight. With ageing,
the visual functions necessary for driving continue to worsen
(daytime visual acuity, visual field, mesopic vision, glare sensitivity). Pathological changes in the eye increase which lead to an
impairment of vision (senile cataract, AMD, glaucoma). Such
visual deficiencies normally develop very slowly and are hence
hardly noticed by the affected person. An exception here may be
the increased glare sensitivity at dawn and night which can be
noticed quickly (Lachenmayr & Lund 1989). Colour vision disorders, eye position and motility as well as stereo vision, which
are all relevant for driving, do not tend to change with age.
With the changing age structure of the population, the proportion of old motorists has increased and hence the percentage of non-healable visual deficiencies has also increased. It is
worrying that we tend to over-rate our visual abilities to a great
extent (Dannheim & Harms 1985). Moreover, with increasing
age, responsiveness decreases whereas the reaction time
increases. It becomes difficult for an old motorist to make quick
decisions, which is generally an essential part of driving. Visual
motoric functioning also slows down in people of higher age
groups (Abel et al. 1983). What solutions arise from this
dilemma? The aim is a liberal regulation which does not give a
feeling of a ‘deficit situation’ to older people and does not have
the character of legislative measures. The judgement of fitness
to drive should be made dependent on voluntary repetitive
examinations of visual ability. Every motorist must know that
their visual ability worsens with the passage of time and that
self-recognition and self-judgement are not possible in general.
Therefore, visual ability should be examined after certain time
periods and the motorist should be able to present some kind
of documented proof of such a test. If a motorist causes a traffic
accident due to weak eyesight which is not known about, he or
she will have to bear the consequences of this event. It is also
the responsibility of doctors to urge patients to have their eyesight checked on a regular basis.

A driver cannot respond quickly to dangers in traffic if he or
she has any visual field defects. In this way, the risk of accidents
is increased. If one eye is completely blind, the visual field on
this side is always restricted. While overtaking another vehicle,
while crossing a road intersection and while turning, one
should be very cautious.

Lack of stereo vision
In people lacking stereo vision, it is difficult for a driver to estimate a particular distance in the vicinity of his or her car precisely
and rapidly. While parking a vehicle, reversing it or while driving
it through a narrow passage, one has to be very cautious.

Disorders of eye movement and/or
double vision
Disorders of eye or head movement impair the ability of drivers
to orientate themselves to the surroundings and slow down their
reactions for suddenly arising dangerous situations. In cases of
perception of double images, some major driving errors might
result when a driver responds to a wrong double image or when
he or she suffers from distorted localisation ability due to some
recent eye muscle disorders. Sudden and unusual monocular
vision caused by shutting one eye is likewise very risky.

Disorders of mesopic vision
A reduction in mesopic vision increases the risk of accidents at
dawn and night. Even a person with normal visual ability finds
it hard to recognise a pedestrian or cyclist in time while driving
a vehicle at night. Hence, a person with reduced mesopic vision
needs to be very cautious while driving at night. If the threshold
values are not reached, one has to abstain from driving at night.

Increased glare sensitivity

54.6 Effects of visual deficiencies

In cases of high sensitivity against glare, the visual ability is
largely hindered while driving at night and hence this should be
avoided. Even during the day, one needs to drive very carefully
when there is increased glare sensitivity (e.g. driving against a
low sun, sun reflections after a downpour on a wet road).

Reduced visual acuity

Disorders of colour vision

A driver with reduced visual acuity cannot recognise hindrances
or dangers in traffic as quickly as a driver with normal visual

Where there is red blindness or extreme red deficiency, there is
a risk that the red brake or rear lights of a vehicle in front may
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be recognised too late, if ever, especially under poor visibility
conditions (e.g. in fog, a hard downpour or snowfall, low sun,
dirty lights). Therefore, the affected person must maintain a
reasonable distance from the vehicle in front. The colours of
traffic signals can mostly be correctly recognised by people with
colour vision disorders.

Basic information
An assessment carried out by an optician with regard to the
fitness of a person to drive a vehicle is not considered a general
eye examination. For example, the intraocular pressure may not
be measured. If there is any suspicion of glaucoma and from 40
years of age onwards, a patient should be made aware about the
importance of preventative check-up measures for glaucoma.
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Effects of Epilepsy
on Fitness to Drive

Jürgen Bauer

55.1 General rules
A person who has an initial or isolated epileptic seizure or is
suffering from epilepsy should be advised not to drive. A specialist report is required, stating the period of driving prohibition and the requested follow-up. It is important that the
patient’s specific epilepsy syndrome and seizure type are identified so that an adequate evaluation of the person’s driving safety
can be undertaken, including the risk of further seizures, and
the appropriate therapy instituted (Sonnen 1997; Bauer and
Neumann 2009).
Drivers assessed under group 1 (non-commercial driving; cars
and motor bikes) with epilepsy should be under licence review
until they have been seizure-free for at least 1 year, whether
untreated or treated by medication or surgery. The applicant
who has had a first unprovoked epileptic seizure can be declared
able to drive after a period without seizures of 6 months. In the
case of a first provoked seizure because of a recognisable provoking factor that is unlikely to recur he or she can be declared able
to drive after a period without seizures of 3 months. The applicant or driver who has had seizures exclusively during sleep (for
a period of at least 3 years) or seizures which have been demonstrated exclusively to affect neither consciousness nor cause
any functional impairment (for a period of at least 1 year) can
be declared fit to drive even if seizures still recur. In cases of
withdrawal of antiepileptic medication in persons who had had
epilepsy, driving is not allowed during the period of tapering
the last antiepileptic drug and during the following 3 months
without medication (this is not necessary where there is a
course of benign epilepsy).
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Drivers assessed under group 2 (commercial driving; buses
and heavy-goods vehicles) with epilepsy should be under licence
review until they have been seizure-free for at least 5 years. The
applicant who has had a first unprovoked epileptic seizure can
be declared able to drive after a period without seizures of 2
years. If he or she had a first provoked seizure because of a recognisable provoking factor that is unlikely to recur he or she
can be declared able to drive after a period without seizures of
6 months. Note that drivers of group 2 vehicles are generally
not allowed to be on an antiepileptic drug (Bundesanstalt für
Strassenwesen 2009).

55.2 Background
Epilepsy has traditionally been considered as a dangerous condition for drivers (Hierons 1956). Seizures may have a sudden
start, are of unpredictable nature and may lead to a complete
loss of consciousness. However, up to 50% of people with epilepsy have an aura that may warn them, and provoking circumstances make many a seizure more predictable. Many people
have only one or two seizures a year and in many seizures consciousness is retained. Some seizures, like some types of simple
focal or myoclonic seizures, do not impair driving ability. For
this reason general statements about epilepsy are misleading
and rules should be detailed and take individual differences into
account (Sonnen 1997).
In the early days there was a total ban for those who had ever
had a seizure. Gradually, however, many countries allowed
driving under certain circumstances. Experts on epilepsy
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recently accepted a factor of five for the severity of an accident
if caused by a heavy-goods vehicle compared with a private car.
A professional driver typically spends hours per working day
behind the wheel, which is a significant part of his or her lifetime – about six times as long as car drivers. From such approximations, it is taken that the maximum chance of occurrence of
a seizure (COSY) in the next year for group 2 drivers would
have to be less than 30 times compared with a private driver.
This resulted in an acceptable COSY in the next year of 2%
(60% as a COSY for group 1 divided by 30 is 2% COSY for
group 2) (Sonnen 1997).
It is recommended that risk assessment should be based on
the risk for the individual rather than on the risk for the population. For group 1, a relative risk of about three is acceptable.
This implies that a COSY between 20% and 40% is acceptable.
If one accepts 40% or even 33% for group 1, the 2% rule can
still apply for group 2 (Sonnen 1997). Studies have proved that
the risk of seizure recurrence in the next year after 6–12 months
of seizure freedom since recurrence is below 20% (MRC 1991;
Bonnett et al. 2010). Following withdrawal of antiepileptic
medication in persons with epilepsy the recurrence risk in the
next 12 months is 30% and at 3 months after withdrawal is 15%
(Bonnett et al. 2011).
In the clinical context, recommendations are given on the
basis of the patient’s self-report of seizure occurrence or is
based on reports given by observers. Simultaneous video electroencephalograph (EEG) monitoring is especially helpful in
patients with idiopathic generalised epilepsies to rule out the
occurrence of seizures not realised by the patients themselves
(Kamel et al. 2010).
There is no study about the influence of antiepileptic drugs
in general on accidents. Driving tests that measure parameters
like lateral deviation of the car in relation to drug intake can
show influence on driving but have not yet been able to show
a correlation with accidents (De Gier 1997).
Fitness to drive has to be proven by the patient, especially if
being treated with antiepileptic drugs. The absence of any sign
of ataxia or somnolence, indicating drug toxicity, is a requirement for driving. A recent study looked at fatal car accidents in
drivers treated with topiramate (Gordan and Logan 2006).
There was some evidence that the drug caused psychomotor
impairment in some of the persons even if blood serum levels
were within the normal range. Note that drivers of group 2
vehicles are generally not allowed to be on an antiepileptic drug.

55.3 Legal aspects
It is the responsibility of the patient – not of the doctor –
whether he or she drives or not and it is his or her duty to report
the epilepsy to the authorities. Mandatory reporting by the
physician is recognised as working against road safety because
it discourages the declaration of symptoms by the patient. The
assessing physician should be legally protected as regards his or

her advice about driving ability, and it should be left to the
doctor to decide whether or not to report the non-compliant
patient to the authorities (Sonnen 1997). In a recent study on
190 persons with drug-resistant epilepsy about one-third of
patients (32.6%) reported currently driving. This was especially
the case in those who were employed full-time (Webster et al.
2011).

55.4 Epilepsy and general
road safety
The accepted natural variation in accident risk rate of healthy
people is in the range of 0.8–1.6. An accident rate for epilepsy
within this range must be acceptable. The present rate is probably 1.33 (Sonnen 1997). Prevalence of epilepsy is about 0.7%.
If, of 200 drivers one (0.5%) has epilepsy with an accident ratio
of 1.33 and 199 are drivers without epilepsy with an accident
ratio of 1, the total number of accidents in a certain period
would be (199 × 1) + (1 × 1.33) = 200.33, of which 0.33 would
be seizure-related (0.17%). This calculated number of accidents
is in accordance with findings in various studies (0.22–0.3%)
(Egli et al. 1977; Hansotia and Broste 1991). About 50% of
seizures at the wheel result in an accident. The number of accidents caused by a driver with epilepsy is quite low, but the
accidents may be more severe than average. In some of the
studies, serious or fatal accidents were found to be more
common in drivers with epilepsy (drivers without versus those
with epilepsy: serious accidents 3–4.1% vs 1.9–13%; fatal accidents 0.4% vs. 0.6–3%) (Taylor et al. 1996; Sonnen 1997). An
average of 44 027 US drivers died annually as a result of motor
vehicle crashes during 1995–1997; 82–97 (mean 86; 0.2%) of
these deaths were associated with seizures in mortality reports.
The incidence rate of fatal crashes for patients with seizures was
2.3 times the rate for patients with cardiovascular and hypertensive diseases and 4.6 times the rate for patients with diabetes
(Sheth et al. 2004).

55.5 Outlook
Driving regulations for people with epilepsy are assessed by
European Union und national regulatory authorities based on
medical expert reports (Sonnen 1997; Schmedding et al. 2007;
Kittel 2011). The criteria are under continuous discussion and
will possibly be changed in the future.
A recent evidence-based review on epilepsy and driving
looked at predictors of crashes and driving status in people with
epilepsy (Classen et al. 2012). The authors examined English
literature reports on this topic published between 1994 and
2010. They found short seizure-free intervals (≥3 months) not
to be predictive of motor vehicle crashes. Treatment with epilepsy surgery, seizure-free intervals (6–12 months) and regular
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antiepileptic drug adjustments proved to be protective against
crashes. Mandatory reporting did not contribute to reduced
crash rates.
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56

Effects of Diabetes
on Fitness to Drive

Wulf Quester

56.1 Classification of diabetes
Diabetes is an epidemic disease, with its own dedicated World
Diabetes Day (14 November) by the United Nations. In Europe
about 55 million people suffer from it. Worldwide 366 million
people had diabetes in 2011 (IDF 2011). Criteria for the diagnosis of diabetes mellitus are typical symptoms and a random
plasma glucose level >200 mg/dL (11.1 mmol/L) or 2 hours
after a 75 g glucose load and/or fasting plasma glucose >126 mg/
dL (7.0 mmol/L). Impaired fasting plasma glucose (FPG) shows
a blood glucose from 110 to <126 mg/dL (6.1–7.0 mmol/L), and
impaired glucose tolerance (IGT) 2-hour post-prandial glucose
(PPG) shows a level of 140 to <200 mg/dL (7.75 to <11.1 mmol/L).
All measurements need to be confirmed.

56.1.1 Type 1 diabetes
Type 1 diabetes is mostly seen in younger people; therefore it
was formerly known as juvenile-onset diabetes or insulindependent diabetes mellitus (IDDM). With a peak frequency in
children and early adolescent it can occur in all stages of life.
Worldwide the prevalence is less than 0.01%; 78 000 children
will develop diabetes every year. Type 1 diabetes is characterised
by progressive pancreatic ß-cell destruction, caused by an
autoimmune process. There is an absence of insulin and
C-peptide secretion and autoantibodies are detected (glutamic
acid decarboxylase, islet cell antibodies, insulin autoantibodies). People newly diagnosed suffer from hyperglycaemia, glu-
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cosuria, weight loss, fatigue and sometimes abdominal pain.
The needed treatment is lifelong support with external insulin
in physiological doses. Recommended strategies are multiple
injection therapy (MIT) or insulin pump therapy (continuous
subcutaneous infusion (CSII)) (Klinkert and Quester 2004).
Self-monitored blood glucose (SMBG) is needed to adjust
insulin treatment. In most individuals, type 1 diabetes is generated de novo, but some may have a family history of type 1
diabetes or other autoimmune diseases.

56.1.2 Type 2 diabetes
Type 2 diabetes is the most common form of diabetes (about
95%) with a global prevalence of 8.3%. People with type 2
diabetes may remain unaware of their illness for many years.
Often they have relatives with diabetes. Type 2 diabetes is characterised by a combination of insulin resistance in peripheral
tissues (muscle, liver, adipose tissue) and relative insulin deficiency. Long before endogenous insulin decreases, higher
blood concentrations of proinsulin, insulin, free fatty acids
and an increasing insulin resistance can be found. Type 2 diabetes is often associated with obesity, hypertension and dyslipidaemia (metabolic syndrome). Metabolic syndrome is now
also seen in children and adolescents and will become a new
epidemic. Treatment of type 2 diabetes requires changes in
lifestyle, nutrition and pharmacological interventions. After
the decrease of endogenous insulin, insulin substitution may
also be needed.
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56.1.3 Gestational diabetes
Gestational diabetes mellitus (GDM) covers every form of
glucose intolerance found in pregnancy. Caused by contrainsulinary hormones during pregnancy, hyperglycaemia may
occur. To prevent harm to the mother and unborn child, hyperglycaemia of the pregnant woman has to be treated. In most
cases medical nutrition therapy is sufficient to reach a pre-meal
glucose in the range of 65 to 95 mg/dL (3.6–5.3 mmol/L) and a
post-meal glucose lower than 140 mg/dL (7.7 mmol/L) after 1
hour and lower than 120 mg/dL (6.6 mmol/L) after 2 hours. In
all other cases insulin is needed. During pregnancy, the insulin
dose needed increases from gestational week to week in order
to maintain low glucose levels. After delivery insulin decreases
promptly, so that in most cases insulin injections can be
stopped. Untreated hyperglycaemia during pregnancy leads to
an increased risk of fetal anomalies, spontaneous abortion and
macrosomia. In many countries screening for hyperglycaemia
in pregnancy is common. It might be difficult for untrained
pregnant women with insulin-treated GDM to maintain the
recommended low glucose levels without hypoglycaemic reactions. Therefore active driving a car in such a situation may be
a potential risk.

56.1.4 Other specific forms
Uncommon causes of diabetes are grouped together under this
heading. There are genetic defects of β-cell function, genetic
defects in insulin action, diseases of the exocrine pancreas and
endocrine disorders. Combined diseases of the endocrine and
exocrine pancreas (pancreatitis, trauma, neoplasia, pancreatectomy, cystic fibrosis) often show unstable metabolic conditions
because of impaired counter-regulation (lack of glucagon).
Severe hypoglycaemic reactions can suddenly happen. Using an
insulin pump and/or continuous glucose monitoring (CGM)
may ease the situation.

56.2 Stages of diabetes
56.2.1 Clinical symptoms
Symptoms of diabetes can be hyperglycaemia, thirst, polyuria,
polydipsia, dehydration, weight loss, weakness, blurred vision
and confusion. Untreated it can cause coma. In type 1 diabetes
there may be a rapid onset of these symptoms when insulin
delivery is interrupted, leading to ketonuria and, later, ketoacidosis. Lack of insulin delivery may occur when injections are
skipped, insulin is degraded inadvertently by heat, insulin is
frozen or the insulin catheter is disconnected. Individuals with
type 2 diabetes often suffer from smouldering chronic hyperglycaemia with adaptation to an elevated blood glucose (BG)
level. In these cases recurrent infections, candidiasis, pruritus,
skin lesions and sexual disfunction may happen.
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56.2.2 Driving and acute complications
of diabetes
In poorly controlled diabetes, patients can have acute complications such as hyperglycaemic episodes or, particularly in tightly
controlled diabetes, hypoglycaemic episodes (DCCT 1991).
Both can lead to sudden unconsciousness. In people with total
loss of endogenous insulin (type 1 diabetes, pancreoprivic diabetes), ketoacidosis will develop some hours after stopping
insulin supplementation. Patients suffering from type 2 diabetes will develop a hyperosmolar coma, because of the relative
loss of endogenous insulin. Hypoglycaemic episodes are due to
a mismatch of glucose and acting insulin.

Hyperglycaemia
The treatment of diabetes is orientated by the absence of
diabetes-specific symptoms. Only few patients reach the recommended HbA1c value of between 6.5% and 7.0% without risk
of hypoglycaemia. The minimal therapeutic goal of an HbA1c
lower than 8%, meaning an average BG value of 200 mg/dL
(11.5 mmol/L), is reached in only 61% of patients (Riehl et al.
2002). So hyperglycaemic disorders (high glucose levels) are
common and are represented by thirst, exicosis, increased urination, numbness and fatigue. In cases like this, driving performance can be affected. A staged therapy for diabetes is
recommended by starting with medical nutrition and physical
activity. Lowering BG too fast may lead to refraction disorders.
People with type 2 diabetes and poor control of their metabolic
situation are sometimes adapted to hyperglycaemia. Without
adequate treatment the situation can change to a hyperosmolar
coma.
In type 1 diabetes the total lack of insulin can lead to a severe
ketoacidosis with extreme hyperglycaemia, uncontrolled lipolysis and a dangerous rise in ketones. As well as all the symptoms
of hyperglycaemia, abdominal ache and vomiting, the patient
can show a pseudo peritonitis diabetica. This is a medical emergency with the need for immediate hospitalisation in an intensive care unit to restore insulin, loss of fluids and depletion of
electrolytes. Without intensive care, ketoacidosis may cause
death. Patient education therefore has to include lessons about
avoiding and self-management of early ketoacidosis.
People using an insulin infusion pump with short acting
insulin must know that a break in the continuous subcutaneous
insulin delivery can cause ketoacidosis within a few hours. In
contrast to a conventional insulin application (syringe or pen)
there is no subcutaneous insulin depot at the tip of a pump
catheter.

Hypoglycaemia
Hypoglycaemia (low blood glucose) is an iatrogenic complication of diabetes (Belchetz and Hammond 2003) and can occur
in all types of diabetes. Hypoglycaemia is the most common
side effect of insulin treatment. About 25% of insulin-injecting
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diabetics report one or two mild hypoglycaemic episodes per
week (Fanelli 2004). Hyperinsulinaemia is caused either by
injection of insulin or ingestion of insulinotropic agents (type
2 diabetes) or both. A hypoglycaemia (without symptoms) is
defined by plasma glucose values lower than 40 mg/dL
(2.2 mmol/L). Mild to moderate symptoms can occur with low
BG levels of less than 70 mg/dL (3.9 mmol/L). In addition,
rapidly dropping BG from 200 mg/dL or more (>11.1 mmol/L)
to about 100 mg/dL (c. 5.6 mmol/L) often causes symptoms of
hypoglycaemia. People whose treatment includes insulin, sulfonylurea and glinides are at high risk for hypoglycaemia, for
example in situations of exercise or skipped meals. Overinsulinisation may result from a too high estimated pre-meal
BG, a too low estimation of carbohydrates or false glycaemic
index, an overestimated insulin bolus, too much time between
insulin administration and beginning of the meal (ingestion),
too high doses of sulfonylurea, and too much pre- or post-meal
exercise.
Autonomic symptoms of hypoglycaemia are hunger, sweating, tremor, nausea and palpitations. Neuroglycopenic symptoms are divided into early symptoms, such as difficulty in
thinking and concentration, odd behaviour and headache, and
later symptoms such as confusion, drowsiness and speech difficulties. Severe neuroglycopenic symptoms are coma and convulsions with an annual prevalence of about 30% in people
with type 1 diabetes (Frier 2008).
All hypoglycaemic episodes need a fast and sufficient
response. Less serious hypoglycaemic reactions can be selfmanaged by instant ingestion of glucose, sugar, juice, soft
drinks, milk and other fast-acting carbohydrates. In cases of
severe hypoglycaemia, assistance is mostly offered by family
members or co-workers. If a patient is still able to swallow, he
or she may need help only in unpacking the glucose or opening
a bottle. In cases of unconsciousness, injecting glucagon in the
subcutaneous tissue may be helpful as a first aid treatment.
Then professional help in a hospital is required with an intravenous infusion of glucose solution. Special care is needed
during convulsions or when there is a risk of seizure. Close
monitoring of BG during hypoglycaemia and the recovery
phase must be done; afterwards it is necessary to investigate the
cause of a severe hypoglycaemia. Patients who have a fear of
chronic diabetic complications tend to reach low BG levels
during the day and night-time. This often results in daily
hypoglycaemic episodes with a great potential of severe situations during driving. Psychological support and education is
needed. A further complication is the development of hypoglycaemia unawareness, seen in people with long-term diabetes.
They are not aware of the warning signs of early hypoglycaemia,
so they may fall unconscious without having a real chance to
react adequately to the critical situation.
Drivers with diabetes must react immediately even to low
blood glucose. They have to self-monitor their BG and carry
glucose and carbohydrates for an appropriate response. A small
lowering of the BG to 70 mg/dL (3.9 mmol/L) can cause neurohypoglycaemic reactions, such as misinterpretation of car

speed, distance and risk. Sometimes this comes together with
aggressive behaviour. Diabetics unknowingly suffering from
hypoglycaemia are a danger to traffic users and should not
actively take part in traffic. The DCCT Research Group has
shown that high HbA1c levels do not guarantee the absence of
hypoglycaemic events (DCCT 1991). Also short-acting hypoglycaemias can lead to cerebral dysfunctions and persistent
hypoglycaemias via fatal arrhythmias or accidents to death.

56.2.3 Driving and chronic complications
of diabetes
Diabetes is a chronic disease with a progressive course. Sometimes chronic diabetic complications can be found long before
diabetes manifestation. They are relevant for driving because of
their psychological and physical burden. Hence it is important
to get an expert opinion before driving (Ausschuss Soziales der
DDG 2004).

Microangiopathy
Microangiopathic disorders in diabetes are nephropathy and
retinopathy. Diabetic nephropathy results from long-term
hyperglycaemia. Early stages are classified by the amount of
urinary loss of albumins. To prevent progression and end-stage
renal disease (ESRD), a tight glucose, lipid and hypertension
management is needed. Without therapy, a loss of renal function will lead to dialysis. In Europe and the USA diabetic nephropathy is the leading cause of ESRD. Serum creatinine levels
higher than 2.0 mg/dL (>180 μmol/L) usually require treatment
with insulin. Because of the lower degradation rate of insulin,
smaller doses of insulin are recommended in ESRD to prevent
hypoglycaemia.
Diabetic retinopathy is the major eye complication in
patients with diabetes. It is now the leading cause of legal blindness. Further diabetes-related eye complications are cataracts
and glaucoma. Neovascularisations with retinal bleeding characterise the proliferative form of retinopathy. To classify and
prevent all this, a minimum of annual screening and ophthalmoscopic examination by an ophthalmologist are recommended. Treatment options are laser coagulations and
vitrectomy. In general, early treatment of diabetes and hypertension can prevent eye complications. To avoid retinal bleeding after long-term hyperglycaemia, blood glucose must be
lowered slowly. Impaired vision is one of the key points that
can make driving impossible.

Macroangiopathy
The macrovascular disease of diabetes is mostly located in the
coronary arteries. In contrast to non-diabetics, cardiovascular
mortality is three-fold higher in people suffering from diabetes
and metabolic syndrome. After 8–15 years of having diabetes
without knowledge of cardiovascular disease (CVD), diabetics
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will have the same risk for myocardial infarction or stroke as
non-diabetics after one myocardial infarction (Haffner et al.
1998).

Vascular disease
Hypertension is the main risk factor for cerebrovascular disease.
People with diabetes have an increased prevalence and incidence for stroke. A tight control of glucose, blood pressure and
lipidaemia is needed. Ultrasonic evaluation of the cerebral
arteries, the carotid intima media thickness and the degree of
stenosis of the carotids may lead to the diagnosis (Hanefeld
et al. 2000). Diabetes-related peripheral vascular disease affects
the arteries of the lower limbs and can cause intermittent claudication and foot problems.

Hypertension
High blood pressure is two-fold increased in diabetics compared to non-diabetics. Hypertension is a major part of the
metabolic syndrome. It consists of diabetes or insulin resistance, hypertension, dyslipoproteinaemia and obesity, resulting
in a 3–4 times increase in the risk for CVD. Optimal treatment
of hypertension mostly needs a combination therapy to reach
the goal of 130–139/80–85 mmHg of blood pressure (recommendation of the European Society of Hypertension (Deutsche
Hochdruckliga 2011)). Self-monitoring of blood pressure by
the patient is standard. Medial sclerosis, where there is an
abnormal increased stiffness of the peripheral arteries, will
result in incorrect, too high metering of the blood pressure.

Neuropathy
Neuropathy in diabetes can affect the peripheral and the autonomic nerve system. In type 1 diabetes neuropathy will occur
after years of poor metabolic control. In type 2 diabetes neuropathy can often be seen before diagnosis of metabolic disorder. Metabolic effects and vascular factors are supposed to be
the main cause of neuropathy. About 60–70% of people with
diabetes will develop a neuropathy during their lifetime. Most
common is a diffuse neuropathy affecting the feet and ankles
(distal symmetrical sensorimotor polyneuropathy (DSSP)).
Most people describe the feeling as pins and needles or like the
movement of insects on the skin. In some cases severe pain is
reported. Typically, discomfort increases during the night, especially when the feet get warmer in bed. Peripheral neuropathy
can be screened by a sensory test with a calibrated tuning fork
and monofilament. Additionally, test batteries can be used. Diabetics with severe impaired feeling of the feet may be unable to
drive a car if they cannot adequately work the accelerator and
brake pedals.
Different organ systems can be affected by autonomic neuropathy, like the heart and cardiovascular system, the stomach
(gastroparesis), the gastrointestinal tract (diarrhoea) and the
penis with genitourinary tract (erectile dysfunction). Auto-
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nomic neuropathy is not as common as diffuse peripheral neuropathy. Autonomic neuropathy of the heart can lead to a ‘silent
infarction’ by affecting the pain fibres. Erectile dysfunction correlates to CVD and is mostly hidden by affected men but is
always incriminating. The gastroparesis is important for traffic
medicine. It can lead to severe hypoglycaemia through retarded
gastric emptying. In persons using insulin or insulinotropic
agents with pre-meal administration, there can be a fatal mismatch between acting insulin and the post-meal glucose rise.
Patients with gastroparesis are characterised by an instable
metabolic situation. Diagnostic procedures are sonography,
breath test, gastroscopy and scintigraphy of the gastrointestinal
tract.

Diabetic foot
Lesions of the lower limb and foot are caused by angiopathy,
neuropathy or both. The lesions are mostly graded according
to Wagner’s classification. The treatment of diabetic foot ulcers
is very complex and time-consuming, and most patients are
hospitalised. After accurate diagnosis (using wound examination and X-ray, Doppler or duplex examination to quantify foot
pulse status and pressure) and surgical debridement, an immobilisation will follow with pressure relief of the wound. In case
of infection, effective antibiotic combinations are needed.
Often, skin dressings must be renewed daily. Nearly half of all
foot ulcers are caused by inadequate shoes (Greitemann 1998).
To prevent future lesions adequate footwear should be built
by a multiprofessional specialist team (physician, surgeon,
chiropodist, podiatrist, wound nurse) (Morbach et al. 2004).
Charcot neuropathy affects mostly the forefoot and midfoot,
limiting joint mobility and causing microfractures. The foot
looks swollen and is unstably deformed. To reach stabilisation,
casts and arthrodesis are used to prevent weight bearing for
some months.
Patients with severe neuropathy of the lower limbs and foot
ulcers, especially when they wear casts or undergo arthrodesis,
are unable to drive a car.

56.3 Driving and treatment
of diabetes
56.3.1 General treatment
General treatment of diabetes utilises medical nutrition therapy,
exercise, pharmacological therapies and insulin. Good diabetes
education and BG self-control are necessary to manage the
chronic disease over decades. Education is given by practice and
clinical specialists. Type 1 diabetics need lifelong supplementation with insulin. Type 2 diabetics need a staged therapy starting with healthy food and exercise. Later they need the help of
oral agents and as soon as the endogenous insulin decreases,
exogenous insulin application is necessary. Especially in the
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obese, incretin mimetics are helpful in glucose control and
weight loss. BG control facilitates self-management of diabetes.
A tight blood pressure control and lipid control additionally
helps to prevent organ failure.

56.3.2 Oral agents
Classic oral agents for the therapy of type 2 diabetes are metformin and the sulfonylureas. The guidelines of national diabetes organisations recommend these drugs in an early stage of
diabetes (Matthaei et al. 2009). The biguanid metformin suppresses excess glucose production in the liver by inhibiting
gluconeogenesis and glycogenolysis. Metformin also improves
glucose sensitivity in muscle and fat tissues. It also shows a low
anorexic effect, which helps weight loss. In elderly patients and
those with impaired kidney function, metformin may cause
kidney failure because of its primarily renal clearance. Acarbose
and miglitol are α-glucosidase inhibitors. They inhibit competitively α-glucosidase enzymes in the small intestine, so carbohydrate cannot be broken down to simple sugars. Taken with
a meal this will lead to a delay in glucose absorption. An intestinal side effect is flatulence. The group of thiazolidinediones
are insulin sensitisers, improving tissue glucose uptake and suppressing hepatic glucose output. In some countries only pioglitazone is still in use. Positive effects on the cardiovascular
system are in discussion. Pioglitazone is used in several combinations with other oral agents and also with insulin.
The most common oral agents are the second-generation
sulfonylureas such as glibenclamide (glyburide in the USA),
glipizide and the third-generation glimepiride. They directly
stimulate the pancreatic β-cells to secrete insulin. This effect
can cause severe and ongoing hypoglycaemias (Holstein et al.
2001, 2003). Repaglinide and nateglinide are insulinotropic
oral agents (in the group of meglitinides) that act as prandial
glucose regulators. The effect of meglitinides on the β-cell is
less and they are shorter acting than sulfonylureas. Meglitinides
are administered before each meal (‘one meal one pill’). They
are an alternative to sulfonylureas with less risk for severe
hypoglycaemias.
Metformin, α-glucosidase inhibitors and thiazolidinediones
are oral agents with low hypoglycaemic potence, which makes
them preferable for diabetics who wish to drive. Insulinotropic
agents such as sulfonylureas and meglitinides bear a higher risk
for severe hypoglycaemias.

56.3.3 Insulin treatment
There are three forms of insulin therapy. A conventional therapy
uses mixed insulin injections twice daily; this form of therapy
is suitable for people with stable mealtimes. The injections
cover the basal and prandial insulin requirements. People with
greater variability during the daytime, changing carbohydrate
intake and different activities should have an intensified therapy
using basal/bolus insulin (MIT). This imitates better a physi-

ological insulin secretion than conventional therapy does. The
basal insulins are commonly the intermediate-acting neutral
protamine Hagedorn (NPH) insulins or long-acting analogues
(insulin detemir or glargine). Bolus insulins are regular and
rapid acting. The duration of regular insulin is dose dependent,
acting for about 4–8 hours, so it covers a meal and a following
smaller meal (e.g. first and second breakfast). Skipping the
second meal can lead to hypoglycaemia. Rapid-acting analogues such as aspart, glulisine or lispro have shorter reaction
times (3–4 hours) and cover only one meal. Therefore they give
more flexibility to the user and severe hypoglycaemic reactions
occur 25% less often (Hirsch 2005).
The most technical insulin delivery system is the CSII.
Insulin infusion pumps are constructed to deliver regular or
rapid-acting insulin from a small tank via a catheter in the
subcutaneous tissue (Henrichs et al. 2009). A programmed
basal rate provides the body for 24 hours with the basic needs
of insulin (overnight and fasting). During exercise and higher
activity the basal rate can be temporarily lowered. Meal-time
insulin will be delivered as a pre-prandial bolus. Most pumps
can provide several different pre-meal boluses. A small snack
needs a short bolus, a large pizza a dual bolus. All types of
diabetic treatment need SMBG for adequate dosing (e.g. intensive insulin injection and pump therapy). A good knowledge of
nutrition therapy is also necessary. Inadequate insulin dosing
can lead to hyper- or hypoglycaemia. CGM has been available
since 1999 and helps to evaluate the metabolic situation from
time to time. Wearing such a system continuously, individually
programmed alarms can prevent from hypo- and hyperglycaemic situations. Actual tissue glucose values and trend analysis
can be seen on the monitor display. One type of CGM is compatible with an insulin infusion pump. CGM data and glucose
curves are then shown on the pump’s display. In a case of severe
hypoglycaemia and unconsciousness, the sensor itself stops the
basal insulin infusion of the pump for 2 hours. Then the pump
starts insulin perfusion again, to prevent from ketoacidosis.
During the 2 hours of inactivity, blood glucose will increase
about 40 mg/h, leading to consciousness. New kinds of insulin
delivering systems are micro or patch pumps (without catheters). Some of them will soon be available in combination with
a matching glucose sensor system. All the pumps on the market
are external pumps; implantable pumps are not yet available.
All users of insulin pump systems need special training to
ensure secure therapy. The permanent use of a glucose management system with a pump is recommended, which may help to
prevent users from overdosing insulin and overcorrections
(shortly after a meal). Both the latter can lead to severe
hypoglycaemia.

56.3.4 New agents
New agents for the treatment of diabetes are the incretin
mimetics (GLP-1 mimetics) and the DPP-4 inhibitors. GLP-1
(glucagon-like peptide 1) is a peptide hormone deriving from
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the small intestine. The half-life is only 1 minute and it is
degraded by an enzyme called dipeptidyl dipeptidase-4 (DPP4). The first GLP-1 mimetic was exendin-4 from the saliva
of the Gila monster (Heloderma suspectum). The synthetic
hormone exenatide cannot be converted by DPP-4 enzymes.
Exenatide is injected subcutaneously 60 minutes before a meal
in the morning and the evening. It enhances insulin secretion,
slows absorption of glucose from the gastrointestinal tract and
suppresses glucagon production (Mazze et al. 2007). Because it
imitates the appetite suppression mechanisms of incretins,
exenatide not only leads to a blood glucose control but also to
a significant weight loss too. Therefore it is recommended to
overweight patients with type 2 diabetes. The most advanced
galenic of exenatide is injected once weekly. Liraglutide and
Lixisenatid, other synthetic incretin mimetics, must be injected
once daily. The approximate glucose lowering potential of
incretin mimetics is about 30 mg/dL (1.7 mmol/L), meaning a
1% HbA1c reduction. Incretin mimetics show a low hypoglycaemic risk. DPP-4 enzymes perform a rapid degradation of
human GLP-1. The new class of gliptines, the DPP-4 inhibitors
(sitagliptin, vildagliptin, saxagliptin, linagliptin) enhance the
endogenous GLP-1 levels. In the future a new group of selective
inhibitors of the sodium-glucose co-transporter 2 (SGLT2),
working independently to insulin, can be used for the treatment
of type 2 diabetes. Dapagliflozin tablets were approved in
the European Union in 2012. The new inhibitor lowers BG
by removing excess glucose in the urine. All the new drugs
are potentially able to lower the BG without causing a significant risk of hypoglycaemia. Besides metformin, incretin mimetics, DPP-4 inhibitors and SGLT2 inhibitors seem to have a
useful future in the treatment of drivers suffering from type 2
diabetes.

56.4 Driving performance
and diabetes
Diabetes is an endocrine disorder that is characterised primarily by hyperglycaemia and acute and chronic metabolic complications. Untreated or inadequate therapy will result in
persistent hyperglycaemia, which constitutes a serious impairment for the sufferer with a direct influence on the driving
ability of those affected. Treatment with insulin or oral insulinotropic agents bears a danger of sudden hypoglycaemia.
Diabetes-related complications such as micro- and macroangiopathy and neuropathy with their endpoints of kidney failure,
blindness, myocardial infarction, cerebral stroke and amputation will restrict active participation in road traffic. Because the
disease is progressive, it can be present in patients with type 2
diabetes for a long asymptomatic time. Therefore the detection
of diabetic organ complications may be earlier than the diagnosis of diabetes itself. In addition, there will be a significant
co-morbidity in older patients. However, a prospective
follow-up study in Norway showed no increased risk of being
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involved in a road traffic accident for drivers taking oral glucoselowering agents. A slightly increased risk was observed for the
group using insulin, with the highest risk for people aged 18 to
34 years (Skurveit et al. 2009).
Driving by people with diabetes is impaired by the factors:
hyperglycaemia, hypoglycaemia and diabetic complications
(Stork et al. 2006).

56.4.1 Drivers’ licences and diabetes
In Europe there are drivers’ licences in two groups and several
classes, covering all vehicles in road traffic. Usually there are no
restrictions for diabetics to get a licence to drive vehicles from
group 1, classes A, A1, B, BE, M, L and T (smaller and less
powerful motorcycles and private cars with no more than eight
seats) (Lewrenz 2000). There is a discussion in Germany and
elsewhere about whether to ask learners for a group 1 driver’s
licence about their diabetes disease. There are progressive
restrictions excluding insulin-treated diabetics from driving
group 2, class C1 and D1 vehicles (i.e. heavy trucks, cars for
passenger transport and buses). Directive 91/439 of the European Union is interpreted differently throughout the European
authorities (DVLA 2011). Many US states also have a restrictive
licensing programme for diabetic drivers. Usually, insulintreated diabetics are denied an interstate commercial driving
licence. However, there is no general reporting system for unexpected loss of consciousness due to hypoglycaemia (Stork et al.
2006). The findings of a study from the UK on road traffic
accidents and diabetes suggest no increased risk to road safety
for the group of insulin-treated patients. Therefore the authors
proposed an individualised risk-based assessment when considering driving restrictions (Lonnen et al. 2008).

56.4.2 Driving and hypoglycaemia
Nowadays the treatment of people suffering from diabetes aims
at the goal of near normoglycaemia to prevent chronic diabetic
complications. This is only possible if no severe hypoglycaemic
reactions occur. Secure and effective diabetic therapies are obviously preferable for drivers. Drivers of motocycles are particularly endangered by even light hypoglycaemia, because of the
early dysfunction of their sense of balance (Finck 2009).
As shown above, disrupted driving performance will be
detected in people with a BG of less than 70 mg/dL (3.9 mmol/L)
(Cox et al. 1993, 2000). Driving simulator studies during moderate hypoglycaemia showed deviations from the road, too fast
driving and compensatory slowing of speed. In another experimental setting the decision not to drive during hypoglycaemia
was tested. Type 1 diabetics unaware of their hypoglycaemia
frequently decided to drive in a hypoglycaemic situation. Those
who were aware of their hypoglycaemia made safer decisions.
Potentially dangerous decisions were made by people with type
2 diabetes, particularly when treated with oral hypoglycaemic
agents (Stork et al. 2007).
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About 25% of patients with type 1 diabetes are unaware of
their hypoglycaemia (Stork et al. 2006). People with this complication should not take part in road traffic. Strict avoidance
of low glucose levels, multiple SMBG, no skipping of meals and
less corrections of hyperglycaemic values may ease the problem.
In special cases the daily use of an insulin pump with CGM and
an automatic stop of basal rate in case of hypoglycaemia may
be possible. In all cases blood glucose awareness training could
be effective in reducing traffic violations and accidents (Stork
et al. 2006).

56.5 Therapeutic aspects for driving
safely with diabetes
All diabetics treated with insulin or insulinotropic substances
are in danger from hypoglycaemia. This risk can be minimised
by special diabetes training, careful metabolic control and frequent BG self-controls. Education must include the knowledge
of potential hazards associated with travel on the road. This
should be documented by the attending physician to avoid
running the risk of any blame in the event of an accident
involving his or her patient. Worldwide there are restrictions
for drivers with diabetes. In some countries they range from
more frequent than usual medical examinations to denial of
driving privileges for certain groups, for example patients with
hypoglycaemia unawareness (Stork et al. 2006). According to
the German road traffic licensing regulation, StVZO section 2,
people suffering from illness, including diabetes, are required
to assess their driving skills before every departure as a driver,
sometimes with the help of a physician.
Therefore, from a legal perspective, it is important to provide
people with diabetes with structured education covering all
aspects of driving safely with the illness. The training should
mandatorily include the following advice:
• Start and continue driving only when feeling well.
• Exclude a metabolic imbalance (hypoglycaemia or hyperglycaemia) by SMBG before departure.
• Keep a diabetes diary.
• Carry all utensils for SMBG (e.g. lancing device, meter, test
strips).
• Carry all utensils to guide your therapy (e.g. insulin, syringes,
pump catheters).
• Do not overcorrect with insulin or glucose lowering agents.
• Carry rapid-acting carbohydrate (e.g. glucose, apple juice,
lemonade).
• While driving make regular and sufficient breaks and
perform metabolic control.
• Stop driving immediately if there are signs of hypoglycaemia
or discomfort.
• Consume carbohydrates before testing blood glucose for
hypoglycaemia.
• Consume carbohydrates if there are low blood glucose
values as soon as possible.

•
•
•
•

Consume adequate amounts of carbohydrates.
Find out the cause of hypoglycaemia.
Take precautions to avoid a second hypoglycaemia.
Continue driving only after all symptoms of hypoglycemia
have completely disappeared.
Adherence to these precautions is necessary to ensure the safe
driving performance of those with diabetes (Quester at al.
2007).
It is still not clear whether diabetics more frequently cause
traffic accidents than non-diabetics. The published studies
provide some conflicting evidence or are methodologically vulnerable. Often no information is given on the driving performance of the comparison groups. In Germany diabetic patients
had no higher risk for traffic accidents compared with nondiabetics (Ausschuss Soziales der DDG 1999). A case–control
study on diabetes and car accidents regarding over 65-year-olds
showed no significant difference between groups in terms of
accident causation (McGwin et al. 1999).
Part of the European Union project IMMORTAL was a literature search to assess the relationship between accident risk
and age and various diseases (Vaa 2003); 25 reports of diabetes
were evaluated. The relative risk for being involved in a traffic
accident was given for diabetes as 1.56 (highly significant). To
judge the driving ability of people with diabetes, all facets of
the disease, including co-morbidities are assessed individually.
The severity and stage of the disease, its predominant symptoms, the complications that occurred and its functional effects
in interactions with other diseases all need to be considered
(Ausschuss Soziales der DDG 2004). Furthermore, critical evaluation is needed concerning the quality of treatment, possible
alternative treatment options and the scope for compensation
of fitness for relevant functional or performance constraints.
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Epidemiology and Causal
Factors in Fitness to Drive

Günter Berghaus

57.1 Introduction
Epidemiology in traffic medicine needs to detect and to quantify the risks for traffic safety caused by drivers and other road
users. The aim of epidemiological research is to quantify and
rank causal factors that may emerge through experience, physiological knowledge or descriptive or experimental studies. Epidemiology, unlike experimental research, is primarily aimed at
detecting real risk rather than potential risk.
A particular illegal drug, for example, may have negative
effects on fitness to drive but if nobody uses the drug or drives
a car when under the influence of this drug, the drug is of no
relevance for road traffic safety. Hence, epidemiology makes it
possible to rank the real risks (e.g. ‘crash’ as a statistical unit)
created by causal factors.
Section 57.2 looks at the essential methods of epidemiological research as well as their appropriate quality criteria based
on publications by Berghaus and Krüger (2007), Berghaus et al.
(2007), Berghaus and Hilgers (2009), Drummer (2009) and
Houwing et al. (2009). In Section 57.3, the full scope of causal
factors are weighted and the risk of the influencing factors on
road traffic safety outlined in Chapter 52 are discussed, giving
some examples.

57.2 Epidemiological methods
Epidemiological methods can be roughly divided in two groups:
(i) those methods that provide frequency measures of safety
relevant events (descriptive epidemiology); and (ii) methods
that analyse factors influencing occurrence rates (analytical epiHandbook of Forensic Medicine, First Edition. Edited by Burkhard Madea.
© 2014 John Wiley & Sons, Ltd. Published 2014 by John Wiley & Sons, Ltd.

demiology). For a sound scientific description of epidemiological study types compare Kleinbaum et al. (1982), Howe and
Choi (1983) and Shadis et al. (2002).

57.2.1 Descriptive epidemiology
Prevalence and incidence are the central terms in descriptive
epidemiology. Prevalence gives an estimate of the event probability in a defined population. It is given for a single time point
(point prevalence) or is related to a time period (period prevalence). Prevalence related, for example, to events over the past
year and recent events are used for the estimate of crash frequency over 1 year. In contrast, incidence relates only to newly
observed crashes within a small space of time. It can be used,
for example, to show the increase in frequency of crashes per
time unit.
It seems trivial, but when reading articles in newspapers or
listening to statistical information on road traffic by politicians,
it is important to remember that an accurate interpretation of
prevalence and incidence is only possible given clear definitions
of the event (variable and its classification) and, especially, of
the reference population. Hence there are considerable differences between the statements: ‘20% of drivers had cannabis
in their blood’, ‘20% of drivers with psychoactive substances in
their blood had cannabis in blood’, ‘20% of drivers involved
in a crash operated the car under the influence of cannabis’ and
‘20% of crashes are caused by cannabis’.
Information concerning safety-relevant events can come
from the following sources:
• Official statistics.
• Crash surveys or hospital studies.
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• Roadside surveys.
• Questionnaires and interviews with road users.
• Meta-analyses.
In developed countries official statistics are published in statistical annals. In addition to data on the number and kind of cars,
licences, the road system, traffic volume, etc., official statistics
may include (depending on the country) the number of road
traffic crashes distinguished according to crash location (in
town, out of town, highway, etc.), crash severity (with or
without property damage, with injured, with killed persons),
cause of crash (speed, right of way, car distance, driver fitness,
etc.), time of crash, age and gender of involved drivers and
other criteria. Normally, official statistics describe an entity that
covers the road traffic crashes of a whole country, a whole state
or a special region.
Absolute risks can be calculated by relating crash data to data
relevant to road traffic, for example miles driven, number of
vehicles, number of trips, population, number of licensed
drivers, etc. This allows a comparison of absolute numbers
between cities or states within countries.
In addition, time series of crashes or absolute risks within a
country can be established, giving a good view on the developing nature of crashes. In this connection it is essential to look
at the definitions and categorisations of variables because from
time to time definitions are changed so that new data are no
longer comparable with older data.
In theory it should be possible to provide a valuable information basis for transport policy comparing the official statistics of different countries. But there are two obstacles to this:
(i) there are important differences concerning cultural and legal
backgrounds, mobility, road systems, traffic rules (e.g. speed
limits), authority of the police and many more influencing
factors on crash detection and frequency; and (ii) the different
definitions and categorisations of variables. So, to give only one
example, the definition of a ‘crash with killed persons’ is different between European countries depending on the period of
time that has passed between the crash and death. The period
ranges between ‘killed immediately at the scene of the crash’
and ‘died within a (country-specific) defined period of time
after the crash’. Hence, it is difficult to categorise crash figures
between countries in terms of ‘better’ or ‘worse’.
Crash surveys, also referred to as hospital studies, are performed with the objective of estimating the frequency of a
defined causal factor in crash scenes in a well-defined time
period and region. The sample can consist of all crashes or a
representative part of all crashes. Concerning the causal factor
‘effects of drugs’, for example, the sample could consist of all
drivers in a region who are injured in a crash and who are
brought to a hospital or who are killed using blood or other
specimens taken from each driver independent of culpability
for the crash and screened chemically/toxicologically for a
defined number of drugs. Crash surveys provide no evidence
of whether the detected influencing factor really was the cause
of the crash. The frequency of drugs detected only gives a first
hint about the influence of drugs on driving fitness if it can be
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compared with other figures, such as the frequency of use of a
drug in the given region and time period.
Roadside surveys are cross-sectional studies. In contrast to
crash surveys, roadside surveys are intended to provide an overview of the frequency of a defined causal factor in a welldefined time period and region in crash-free drivers in normal
traffic. Two requirements are of special interest concerning the
quality of a roadside survey study. Since it is impossible to
include all drivers, a representative sample of the population of
all drivers has to be used in the survey. Therefore, the random
sample has to be adjusted for essential characteristics (age, sex
of driver, region, time of day, type of road, etc.) compared with
total drivers. The number of non-responders (i.e. the number
of drivers who refuse to participate in the survey) should be as
small as possible. The smaller the number of non-responders,
the more reliable the estimate of prevalence.
At first glance it seems meaningful to compare the results of
a crash survey with the findings of a roadside survey with
respect to a defined causal factor, using the figures of a roadside
survey as a control for the results of a crash survey. But the
outcome of such a comparison can only be a first hint for an
increase of risk. In general, roadside surveys and crash surveys
disagree in many variables of the study designs and hence are
not comparable.
A substantial disadvantage of crash surveys and roadside
surveys is the fact that it is, for legal reasons, impossible to take
specimens from drivers without their consent in many countries. Frequently it is those drivers who have just used drugs
before driving who will refuse to give a specimen. As a result,
crash surveys and roadside surveys are seldom performed. It is
only in recent years that some countries have started to regulate
by law taking blood of drivers, depending on the seriousness of
the injuries of the persons involved in a crash.
The reader is referred to Assum et al. (2007), Pil et al. (2007)
and Berghaus and Hilgers (2009) for further information on
crash surveys and roadside surveys.
Interviewing road traffic participants is a methodological
approach with a lot of potential. Even very small populations
(users of unusual medicines, rare diseases, younger people with
diseases, etc.) or special groups of traffic participants (e.g.
younger or older people) can be analysed as well as problems
that cannot be solved by an experimental or epidemiological
approach. For example, the question about the motivation of
driving under the influence of a drug is an essential one in
promoting traffic safety. In addition to core questions concerning the kind, frequency and time of participating in road traffic,
with or without the preceding use of drugs, questions about
near accidents and about the subjective rating of driving aptitude and driver fitness, as well as many others, can be asked.
Besides general quality control, additional quality aspects are
necessary when performing interviews with road users – for
example clear-cut standardised questions concentrating on
essential topics, the use of empirically validated scales, attempting to control the validity of answers and using a trained
interviewer.
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Computer meta-analyses are aimed at gathering and meaningfully analysing the results from as many publications on a
defined topic (e.g. experimental or epidemiological studies
on alcohol, illegal drugs and medicines) as possible. The first
thing is to have an acceptable number of publications so a
qualitative screening can be undertaken. The relevant information from the remaining studies can be stored in standardised
mode in a computer for statistical analysis. In contrast to traditional reviews based on only a few publications, meta-analyses
allow information from many studies to be condensed and the
analysis of target variables dependent on many influencing
factors.

57.2.2 Analytical epidemiology
Methodological approaches of analytical epidemiology (analysing factors determining occurrence rates) comprise the
following:
• Case–control studies.
• Culpability (responsibility) studies.
• Pharmaco-epidemiological studies.
Case–control studies provide an optimal method of estimating the risk of being involved, injured or killed in a crash under
the effect of a defined causal factor (disease, drug, etc.). The
principle of a case–control study consists in contrasting a
risk factor, for example the effect of a drug, with an outcome
measure, for example an injury resulting from a crash. The risk
can be calculated if the exposure is measured for a random
sample of cases as well as for a comparable sample of controls.
In contrast to comparing the results between independently
performed roadside surveys and crash surveys, the data of a
case–control study are comparable a priori due to the identical
epidemiological design.
The procedure and calculation of risk factors for the example
‘driver injured in a crash’ are as follows:
• Target population: car drivers.
• Cases: car drivers injured in a crash.
• Controls: comparable car drivers without a crash.
• Risk factor: defined psychoactive substance in the blood,
with a defined cut-off value.
Odds ratio (OR) of being injured after substance use
= (C + : C −) : (F + : F −)
Where:
Positive cases = car drivers injured in a crash with the
substance (C+)
Negative cases = car drivers injured in a crash without the
substance (C−)
Positive controls = crash-free drivers with the substance
(F+)
Negative controls = crash-free drivers without the substance (F−)

An OR of 1 indicates that the use of the substance is equally
likely in crash drivers and crash-free drivers. An OR of <1 indicates that the use of the substance is less likely in the crash
drivers, and for an OR of >1 the use of the substance is more
likely in crash drivers. An OR of, for example 3, for a defined
drug means that the use of the drug versus the non-use of the
drug is three-fold as likely in the population of crash drivers.
Besides the OR itself, the study should state if the OR is statistically significant and/or the confidence interval (CI) should be
calculated using the data. If the CI includes 1 the OR is not
significant, which means that the causal factor has no influence
on the crash scene.
Some other aspects of case–control studies have to be mentioned. With respect to the target population one has to differentiate between drivers or passengers in a crash (not injured,
injured, killed) and between drivers culpable or not culpable
for the crash. The OR provides information on the involvement
risk (the risk of being involved in a drug crash being either not
injured, injured or killed) and on the causation risk (the risk of
causing a crash under the effect of the drug and being either
not injured, injured or killed).
Depending on the make-up of the control group, populationbased case–control studies have to be differentiated from
matched case–control studies. A population-based case–control
study would be where a roadside survey and at the same time
a crash survey are performed in the same region. Since the data
of the control group have to be comparable to the data of the
case group, the data have to be adjusted before analysis with
respect to confounding variables such as age, gender of drivers,
time and location of crashes, etc. Therefore it useful to perform
a matched case–control study. Typical characteristics of all
crashes of a region are determined (location, time, etc.). If every
case is related to a corresponding control (matching), the distribution of confounding variables is the same in the two
groups.
Assuming the exposure of the risk factor and the sample size
are high enough and the risk factor (e.g. alcohol) can be categorised in classes, ORs can be calculated for the individual classes
(e.g. concentration-dependent ORs for alcohol). Hence, the risk
potential can be illustrated as a hazard curve.
Apart from difficulties concerning the selection of cases and
controls, and the non-responder rate, the need for ethical
approval can complicate the realisation and interpretation of a
case–control study. For further information on such studies,
including a formula for calculating a relative risk (RR = (C+ :
all positives) : (C− : all negatives)) compare Schlesselmann
(1982), Howe and Choi (1983) and Houwing et al. (2009).
The culpability analysis (or responsibility analysis) is a modification of the case–control method. It is used for analysing the
influence of drugs on road traffic safety and is more economical
than case–control studies. Instead of selecting the control
sample from crash-free road traffic, specimens (usually blood)
are taken from all drivers in a region who are involved in a
crash. In addition it is determined without knowledge of drug
influence if a driver is responsible or not for the crash. The
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drug-free drivers are used as ‘controls’. They provide the baseline culpability rate ((F+ : F−) where + means culpable) which
is compared with the culpability rate of the drug positive group
(C+ : C−):
OR = (C + : C −) : (F + : F −)
The division into ‘culpable’ or ‘not culpable’ is of fundamental
importance. There are a lot of different procedures. Drummer
(2009) categorises the types of culpability determination from
the simplest methods to sophisticated ones into ‘at fault assessment’, ‘graduated culpability rate’ and ‘semiquantitative assessment of culpability’. Even for the culpability analysis, statistical
adjustment is necessary to account for variations (e.g. age,
gender, time of day, type of crash). Compare Robertson and
Drummer (1994) and Drummer (2009) for further information on culpability analysis.
Due to the required large random sample sizes, case–control
studies and culpability studies are only meaningful for those
causal factors where the exposure is high enough, especially for
alcohol. Concerning medicaments, for example, these studies
can only be used for the whole groups of drugs (e.g. benzodiazepines) and not for individual substances. Therefore
pharmaco-epidemiological studies have been introduced into
the epidemiological scope of these methods. These studies are
based on two data sets: (i) patient-based prescription data from
defined medicines in a defined time period and a defined
region; and (ii) data of drivers involved in a traffic accident at
the same time and in the same region as the prescriptions
(using crash registers and/or emergency and hospital data). The
OR can be calculated if one compares the data sets and if, additionally, a representative control group without medicine use is
established.
Apart from the fact that the four groups necessary to calculate the OR may result from four different populations (which
intensifies the problem of bias), pharmaco-epidemiological
studies include the disadvantage that one does not know if
patients really use their medicines or if other factors contribute
to a crash (e.g. the use of additional psychoactive substances).

57.2.3 Quality assurance
To finish this section on epidemiological methods it is very
important to look at quality assurance. It should be obvious
that a study only can be interpreted adequately if a lot of quality
criteria are fulfilled. Such quality criteria pertain to all aspects
of epidemiological studies, for example:
• Sample: unambiguous definition of the population, sample
size, representativeness, selection of undesirable determinants, as few non-responders as possible, etc.
• Design: region, time of day and year, lighting, road design
features, kind of specimen, number of drugs included in the
chemical analysis, cut-offs, detection methods, etc.
• Data collection: relevance, information content, unambiguous definitions, completeness, homogeneity, etc.
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• Preparation and analysis of data: adjusting to confounding
variables, weighting, homogeneity, adequate statistical procedures, calculation of CI (probability at most 95%), etc.
• Interpretation: adequate concerning sample, data compilation and controls, analysis of selection effects, etc.
• Publication: including all important information, even negative aspects, etc.
In multicentre epidemiological studies it is particularly
important to ensure that the same procedures are used in all
individual centers. However, this can be difficult to achieve,
especially for centers in different countries, as there are some
factors that cannot be standardised. Extensive studies should be
preceded by a pilot study to check quality assurance and economics. Quality aspects cannot be covered in enough depth
here, so the reader is directed to the citations in this chapter
and to Ferrara (1992) and Simpson und Vingilis (1992).

57.3 Examples of epidemiological
studies
57.3.1 Preliminary remarks: dependence
of results on the individual design
of a study
In the preceding section, the concepts of individual methodological approaches were introduced without going into details
of the methods and how they can influence the results. Before
reporting concrete examples of epidemiological studies, it is
important to demonstrate the degree of alteration of study
results through apparently small modifications of the design or
calculation procedures.
As an example we can look at the influence of adjustment
variables on the findings of five case–control studies calculating
ORs for the effects of Δ-9-tetrahydrocannabinol (THC) (Table
57.1). From the multitude of different design aspects, only the
country and the effects of different adjustment variables are
shown in the table. Besides the considerable variation of the
unadjusted ORs (the real differences between the ORs are also
affected by the differences in study design), Table 57.1 illustrates
how the adjustment procedure alters the ORs. In particular the
studies of Haworth et al. (1997) and Blows et al. (2004) indicate
how different the ORs are after different adjustments even if
other aspects of the design remain the same. A statistically
significant increase can change to a non-significant result.
If a single calculation procedure within a study can make
such an explicit difference in the ORs one can imagine the
degree of variability if, in addition, other parts of the design are
different.
The number of factors that impact the target variable is
great. Based on an inspection of published epidemiological
studies, Table 57.2 lists some of the multitude of possible variations between study designs in case–control studies. A glance
at this list immediately indicates the extent of variation in study
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Table 57.1 Odds ratios of THC from various case–control studies: dependence of the results on adjustment variables.
ORs (95% CI) unadjusted

ORs adjusteda

Country

Reference

38.2 (13.8–105.8)

6.4–35.6

Australia

Haworth et al. 1997

2.0 (1.4–2.9)

1.6

Canada

Brault et al. 2004

1.45 (0.64–3.29)

1.29

Netherlands

Mathijssen & Houwing 2005

11.4 (3.6–35.4)

0.8–6.0

New Zealand

Blows et al. 2004

0.19–51.02

0.29–28.88

Nine European countries

Hels et al. 2011

CI, confidence interval; OR, odds ratio; THC, Δ-9-tetrahydrocannabinol.
a
Adjusted for different groups out of the following confounding variables: blood alcohol concentration, age, sex, hour, day, year, quarter of the year,
ethnicity, driving exposure, vehicle age, seatbelt use and speed.

Table 57.2 Selection of determinants affecting the results of an epidemiological study.
Determinant

Characteristics

Country

Culture, law, traffic rules, road system

Study design

City, rural region, mixed
Duration of study

Sample size (random error)

Small to large

Cases (crashes)

Kind of crash: single vehicle, multiple vehicle; crashes with fatally, seriously, moderately, not injured
participants; cars, vans, other vehicles
Data: only one hospital, multiple hospitals, hospital and forensic science institute
Driver, passenger/s
Driver characteristics: age, sex, profession, etc. of the driver, annual mileage, risky behaviour tendency
Diseases: severity of diseases, duration of treatment, with and without other influencing factors
(diseases, co-morbidities, concomitant drugs)
Number and kind of drugs

Controls (adjustment/
confounding variables)

Alcohol-free, illegal drugs-free, medicines-free, free of all drugs
Traffic vs. non-traffic
Matched or population based criteria: vehicle type (cars, vans, other vehicles); season, weather
conditions, time of month, week and day, lighting, road type; age, sex and other characteristics of
the driver (ethnicity, driving exposure, seatbelt use, speed, profession)

Selection of unsuitable
cases and controls

Sleep disorders, pregnancy, diseases, etc.

Taking and measuring of
the causal factors
(cases/controls)

Drugs:
Matrix: blood (whole blood, serum), urine, sweat, saliva
Interview (subjective)
Taking technique of the specimen
Conditions of transportation and storage
Kind and number of substances searched for
Chemical–toxicological detection methods
Cut-offs and threshold value
Estimation and estimation method of concentrations for time of crash
Diseases:
Method of diagnosis
Phase and severity

Non-responder rate

Small to large

designs. Even the definition of individual characteristics may
be different, influencing the result of a study. How is the degree
of injury defined? For example, for ‘moderately injured’, is this
only at the first aid point? Or is hospitalisation up to a defined
time period? Or is it only treated at the scene?

This means that when giving examples of different methodological approaches in the following discussion I primarily
focus only on results, as it is not possible to consider all the influ
encing factors that would be necessary to evaluate the results.
For an explicit description it is essential to look at the original
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Table 57.3 Number of crashes with injured persons as a result of
human factors in 2003. Based on statistics from the
Federal Office of Statistics, Germany; after Hasse and
Schepers (2007).
Mistake by the driver

Number of crashes

Speed

78 728

Turn/turn-over, driving backwards,
driving in and out of running traffic

65 558

Right of way

63 896

Distance

50 771

Road use

32 030

Fitness to drive
Affected by alcohol

28 959
22 674

Passing

17 961

Wrong behaviour compared with
pedestrians

17 677

Other mistakes by drivers

87 713

Overall

443 293

publication because even in traditional reviews it is impossible
to summarise all aspects of the individual design. Many sources
of original studies are listed in the book edited by Verster et al.
(2009) and in the epidemiological part of the DRUID (Driving
under the Influence of Drugs, Alcohol and Medicines) project,
especially Hels et al. (2011).

57.3.2 Overall spectrum of causal factors
To start with, this section gives an overview of those causal
factors that are the most common ones with respect to traffic
safety. More than 90% of all road traffic crashes in developed
countries are caused by human factors, about 5% by environmental conditions, 1% by technical deficits and about 1% by
other reasons (GIDAS database, quoted in Golz et al. 2010).
To differentiate the human factors, the official statistics of
Germany are used as an example. Table 57.3 lists the human
errors of drivers involved in crashes with injured persons,
according to the frequency of occurrence, with speed being the
most frequent. Lack of fitness to drive covers 6.5% of crashes
and ranks only sixth. This causal factor includes effects of
alcohol, illegal drugs and medicaments, overtiredness and other
physical and mental deficits. The distribution of the 28 959
cases in the category ‘fitness to drive’ are shown in more detail
in Table 57.4. This demonstrates the predominance of alcohol
effects: about 80% of mistakes happened under the effect of
alcohol compared with only 20% due to other causal factors.
However, there are considerable shortcomings in official statistics, for example it is almost impossible to identify the real
cause of a crash. Concerning ‘overtiredness’, it is difficult to
observe this causal factor after an individual crash. Even a ‘phys-

Table 57.4 Types of ‘driver unfitness’ (see Table 57.3). After
Albrecht (2007), © Ärzte-Verlag, Köln.
Cause of crash

Absolute number
of crashes

Effects of alcohol

22 674

78

2 034

7

Illegal drugs and medicines

1 341

5

Other physical and mental
disorders

2 910

10

28 959

100

Overtiredness

Overall

Percentage

ical or mental disorder’ will only be considered if the drivers
themselves mention the disease. For alcohol, illegal drugs and
medicines, the police in Germany are only allowed to enforce a
test if they identify abnormal behavior by the driver.

57.3.3 Overall spectrum of drugs
The majority of epidemiological studies have studied the effect
of drugs on fitness to drive, especially alcohol. Before summarising findings on individual substances, their ranking should
be discussed as well as the importance of simultaneous use of
different drugs.
A large multicentre roadside survey was performed in the
context of the DRUID project, with 13 European countries
participating. The data were gathered and prepared according
to a generally uniform design (Houwing et al. 2011). In total
almost 50 000 randomly selected drivers participated between
January 2007 and July 2009 in this study. Twenty-three important psychoactive substances were included in the core substance list. The main results of this roadside survey are
summarised as follows (Houwing et al. 2011, pp. 4–5):

• Alcohol is still by far the number one psychoactive
•

•
•
•
•
•

substance on European roads, followed by illicit drugs
and medicinal drugs.
On a European level alcohol is estimated to be used
by 3.48% of the drivers, illicit drugs by 1.90% of the
drivers, medicinal drugs by 1.36% of the drivers,
drug–drug combinations by 0.39% of the drivers and
alcohol–drug combinations by 0.37% of the drivers.
For illicit drugs THC is the most frequently detected
drug in traffic, followed by cocaine.
Amphetamines and illicit opiates were less frequently
detected.
Illicit drugs were in general mainly detected among
young male drivers, during all times of the day but
mainly in the weekend.
Medicinal drugs were in general mainly detected
among older female drivers during daytime hours.
Benzodiazepines were the most prevalent medicinal
drug in traffic, Z-drugs were less prevalent.
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However, considerable differences between countries
were present. The use of substances among drivers in the
general driving population in Europe (prevalence) varies
very much per country, but general patterns can be distinguished on the level of European regions:
• The medicinal drugs, Z-drugs and medicinal opiates
and opioids were in general relatively frequently
detected in Northern European countries.
• Illicit drugs, alcohol and benzodiazepines are relatively
frequently detected in Southern European countries.
• In Eastern Europe the prevalence of alcohol and drugs
was relatively low compared to the other European
regions.
• In Western Europe, drug use is more or less on the
European average.
On the basis of crash studies, Isalberti et al. (2011) reported
within the same DRUID project on the prevalence of alcohol
and other psychoactive substances in injured and killed drivers.
Specimens of seriously injured drivers were sampled in a
uniform design between October 2007 and May 2010 (n = 2492
car and van drivers in six European countries) and from killed
drivers sampled between January 2006 and December 2009
(n = 1118 car and van drivers in four European countries). The
non-responder rates differed between 0% and 8.5% for injured
drivers and between 5.7% and 41% for killed drivers. Drug
levels were conducted on blood samples. The percentage of
subjects testing positive for at least one psychoactive substance
ranged between 28% and 53% for seriously injured drivers and
between 31% and 48% for killed drivers. For both groups the
majority of drugs appeared to be used in combination with
other psychoactive substances. The percentage distribution of
drug-positive cases is shown in Table 57.5. Alcohol was the most
common finding, both in seriously injured and in killed drivers.
Among all seriously injured drivers, THC and benzodiazepines
was the next most common. Benzodiazepines, amphetamines
and THC took places 2 to 4 in the killed drivers.
The prevalence ranges mentioned in these studies represent
in essence the international findings for these study types, as
can be shown with two examples. Maes et al. (1999) summarised the results of crash surveys performed in Spain, Norway
and Belgium. Alcohol was detected in 27–63% of the blood
specimens, illegal drugs or medicaments in 14–24%. Cannabis
and the benzodiazepine group were leading substances within
the groups of illegal drugs and medicaments. From 2500 injured
drivers in Australia, about one-quarter had at least one psychoactive agent in blood. Alcohol (8.6%) was the most frequently
detected, followed by THC (2.8%) and benzodiazepines (1.8%)
and stimulating agents (0.8%) (Longo et al. 2000a).
The considerable differences between the results of the roadside studies and the crash/hospital studies raised the suspicion
of the risk potential of the various substances and substance
groups. Hels et al. (2011) combined the roadside surveys
(Houwing et al. 2011) and the case studies (Isalberti et al. 2011)
into a case–control study. In total, 2490 seriously injured drivers

Table 57.5 Prevalence of use of substance groups in drugpositive drivers. Summarised from Isalberti et al.
(2011, p. 4).
Percentage of drivers positive

Substance

Seriously
injured drivers

Killed
drivers

Alcohol (≥0.1 g/L)

17.7–42.5

19.0–44.9

Alcohol (≥0.5 g/L)

16.1–38.2

16.3–35.1

0.1–2.6

0.0–7.4

Benzoylecgonine but
negative for cocaine

0.0–2.8

0.0–0.7

Cocaine

0.0–2.7

0.0–0.7

Cocaine and/or
benzoylecgonine

0.0–5.4

0.0–1.4

THC-COOH but
negative for THC

0.0–5.3

0.0–5.2

THC

0.5–7.6

0.0–6.1

1.6–9.9

1.3–6.1

Amphetamines

THC and/or THC-COOH
Illicit opiates

0.0–2.1

0.0

Benzodiazepines

0.0–10.2

1.8–13.9

Z-drugs (zopiclone,
zolpidem, zaleplon

0.0–3.8

0.0–4.4

Medicinal opioids

0.5–7.8

1.7–2.1

THC, Δ-9-tetrahydrocannabinol; THC-COOH, 11-nor-9-carboxy-THC.

(in Denmark, Finland, Lithuania, Italy, Belgium and the Netherlands) and 1112 killed drivers (in Finland, Norway, Sweden
and Portugal) were included, and 15 832 drivers participated in
the control sample of the seriously injured drivers and 21 917
drivers in the control samples of killed drivers. Based on the
ORs of the individual European countries the authors weighted
the data for the national distribution of traffic in each of eight
time periods of the week and ranked the different substances
according to their relative risks (adjusted for age and gender)
(Table 57.6).
The results of culpability studies in samples of injured
drivers demonstrated, depending on the individual design of
the study, increased risks for alcohol, THC, benzodiazepines,
stimulants and opioids with considerably increased ORs for
combinations of psychoactive drugs (e.g. Soderstrom et al.
1990, 2005; Terhune et al. 1992; Benzodiazepine/Driving Collaborative Group 1993; Longo et al. 2000b; Lowenstein and
Koziol-McLain 2001; Drummer et al. 2004; for more citations
see Drummer 2009). In these studies the ORs are generally
‘means’ because the prevalence of almost all the agents was so
small that concentration-dependent calculations of ORs could
not be carried out. For those few substances where the
concentration-dependent calculations were possible (mainly
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Table 57.6 Relative risk level of getting seriously injured or killed
(based on ORs of nine European countries) when
taking different substances and driving. After Hels
et al. (2011, table 33, p. 42).
Substance group

Risk

Table 57.7 Relative risk level of getting seriously injured or killed
depending on the blood alcohol concentration (BAC)
(based on ORs of nine European countries). After Hels
et al. (2011, table 33, p. 42).

Risk level

BAC (g/L)

Risk

Risk level

Cannabis

1–3

Slightly increased

≥0.1 to <0.5

1–3

Slightly increased

Benzoylecgonine
Cocaine
Illicit opiates
Benzodiazepines and z-drugs
Medicinal opioids

2–10

Mediumly increased

≥0.5 to <0.8

2–10

Mediumly increased

≥0.8 to <1.2

5–30

Highly increased

Alcohol (all concentrations)
Amphetamines
Multiple drugs

5–30

Alcohol in combination with
drugs

20–200

≥1.2

Extremely increased

Box 57.1 Rank order of drugs within the causal factor ‘drug
use’.

•

•

•

Extremely increased

Highly increased

Hels et al. (2011) point out that the risk estimates for cannabis and
amphetamines (very different single country estimates) and for
benzoylecgonine, cocaine and illicit opiates (few positive cases and
controls) must be treated with caution.

•

20–200

Roadside surveys: alcohol is by far the number one drug taken
by on road users, followed by illegal drugs and medicines
Crash studies: alcohol is the most dangerous agent in crashes
with seriously injured or killed persons, followed by illicit
drugs (THC, amphetamines) and medicines (benzodiazepines);
simultaneous use of several psychoactive drugs plays a
prominent role in crashes
Case–control/culpability studies: the risk level concerning
crashes with seriously injured or killed persons is extremely
increased by alcohol and simultaneous drug use
For all drugs: there is a positive correlation between the concentration of a substance in the blood and the level of risk;
with increasing concentration of the agent the risk increases
dramatically

for alcohol, and sometimes for THC or benzodiazepines), the
risk of participating in a crash as an injured or killed person or
even causing a crash is considerably higher with raised concentrations of an agent in the blood (Box 57.1).

Alcohol
Due to the high prevalence of alcohol involvement in crashes
and roadside surveys many concentration-dependent studies
could be performed. The most famous one, well known as the
‘Grand Rapids’ study, was carried out by Borkenstein et al.
(1974). All these studies have shown the increasing risk of a
crash with rising alcohol concentrations of drivers, although
the ORs fluctuated depending on the design of the study. The
findings of one of the most recent surveys, a case–control study

accomplished within the DRUID project (Hels et al. 2011), are
given in Table 57.7. The risk of getting seriously injured or
killed in a crash starts at about 1–3 for alcohol concentrations
of c. 0.1–0.5 g/L and increases rapidly to 20–200 with increasing
alcohol concentration. Based on these concentration-dependent
calculations of ORs, many countries have established limits for
blood alcohol concentration while driving (see Chapter 58).
Sweedler and Stewart (2009) analysed the worldwide trend
in alcohol-impaired driving. They showed that there were
impressive declines in drinking and driving (between 26% and
50%) in industrialised countries in the 1980s. Unfortunately
the record is more mixed in more recent times, especially in the
new century. Almost all countries try to decrease the risks
through the use of special programmes, particularly amongst
young people.

Medicaments
In a meta-analytical approach, Graß and Berghaus (1998)
selected out of 201 epidemiological publications, 13 studies that
reported almost 5000 injured causers of crashes: 7% had a
medicinal agent in their blood. Since, of course, the effect of
the medicine might not have been the reason for the crash, the
7% represents a maximum of crashes caused by medicaments.
Diazepam was most frequently detected, followed by other
benzodiazepines.
One of the few studies that differentiated according to the
level of concentration of the medicament (Longo et al. 2000b),
showed for benzodiazepines an OR of 1.3 for sub-therapeutic
levels, of 3.3 for therapeutic concentrations and of 3.6 for overtherapeutic/toxic levels. Hence, even for medicaments there is
a positive correlation between risk and concentration. Owing
to the frequently detected, relatively high concentrations, in
addition to the simultaneous verification of other drugs, it
seemed not to be the ‘normal’ patient using a medicament over
a short period that is at risk of a crash but more those dependent on medicaments or illegal drugs with a parallel use of other
drugs.
Since the prevalence of most of the medicines was very
small, a pharmaco-epidemiological approach was tried to close
the knowledge gap. A very detailed study was performed by
Ravera and de Gier (2010) in the Netherlands. On the basis of
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pharmacy prescription data, police traffic accident data and
driving licence data for a total study population of 4784, ORs
were calculated, using an alcohol-free population of 3963 cases
(adults who had a traffic accident between 2000 and 2007 and
were driving and received medical assistance) and 18 828 controls (adults who had a driving licence but had no traffic accident during the study period; controls were matched for sex,
age, zip code and data of the accident). Various variables, such
as age, sex, medicine half-life, mono and combination therapy,
alcohol use and categorisation of the medicines were considered for the analysis. Crude ORs showed a positive association
between the risk of having a traffic accident and the exposure
to at least one psychotropic medication (opioids, antipsychotics, anxiolytics, hypnotics and sedatives, antidepressants and
antihistamines for systemic use) (OR 1.28; 95% CI 1.12–1.46).
The association was found to be higher in combination therapy
users, new users, intermediate and long half-life benzodiazepine
users, female users and young/middle-aged users. Concerning
the different psychotropic medicine group users, the crude ORs
ranged between 1.01 and 1.59 with statistical significance for
anxiolytics, hypnotics and antidepressants. For further details
see the original study (Ravera and de Gier 2010).
Earlier pharmaco-epidemiological studies (Neutel 1995,
1998; Hemmelgarn et al. 1997; Barbone et al. 1998) in part
showed higher ORs. The following ORs were ascertained: benzodiazepines 0.9–5.2, opioide analgesics 1.8, antidepressants
0.9–2.3, antihistamines 0.7–1.8, asthma agents 2.9 and diuretics
2.9. The risks were higher when starting a therapy with medicaments than later in the therapy period. Patients using for the
first time a medicament and long half-life benzodiazepines
showed an elevated risk.

Illegal drugs
From the epidemiological point of view essentially only THC
and, more recently, amphetamines play a role in road traffic
accidents, because for other illicit drugs ORs can not be calculated due to low prevalence, few data or absence in the case
group.
It is very difficult to estimate the risk of THC for traffic
safety. The unadjusted ORs calculated for THC in case–control
studies in injured or killed drivers vary between 0.2 and 51 (see
Table 57.1). In addition, the confidence intervals are very broad
due to the small sample sizes and low prevalence. Hence an
increased risk often cannot be proven to be significant. The low
prevalence of THC in drivers who had crashes is the reason that
only a few studies have calculated concentration-dependent
ORs. In culpability studies increased risks were verified with
higher concentrations: Longo et al. (2000b) revealed for concentrations of THC ≤1.0 ng/mL an OR of 0.4, for concentrations of 1.0–2.0 ng/mL an OR of 0.5, and for higher
concentrations an OR of 1.8. Drummer et al. (2004) put the
risk increase of causing a crash at 2.7 over all concentrations of
THC, and for concentrations of >5 ng/mL THC as 6.6. Hence,
as expected, even cannabis showed a positive correlation

between concentration and risk. A special difficulty with THC
is the fact that the ORs were calculated on the basis of concentrations measured in blood taken from drivers at different times
after the crash. Hence, at the time of the crash itself the concentrations could be very different from the measured concentrations due to the steep increase and decline of THC
concentration over time.
Ramaekers et al. (2009) provided a very detailed summary
of the results of some epidemiological studies (prevalence, culpability, case–control) although information on amphetamines
was insufficient. The only studies performed (Drummer 2009),
indicated slightly increased ORs in culpability studies for
amphetamine-type stimulants, but these were not statistically
significant due to the small number of positive cases. Significantly increased figures were calculated on data based on culpable truckers as cases.
It remains to be seen if the high risks calculated in the
DRUID project (see Table 57.6) indicate a new trend concerning the risk of amphetamines in traffic safety.

57.3.4 Diseases and indispositions
Diseases
Charlton et al. (2004) provided a substantial review of the existing literature about the risk of diseases for traffic safety. A small
elevated crash risk (RR >2.0) was reviewed for the following
diseases: alcohol abuse and alcohol dependency, multiple sclerosis, dementia, seizure disorder, psychiatric diseases as a whole
group, schizophrenia, sleep apnoea and cataract. Harsch and
Hoesl (2009) arranged 11 case–control studies on diabetes
in table form: a slightly increased accident rate was illustrated
in diabetic patients depending on the design of the study. In
another meta-analytical approach, Vaa (2003) analysed the
accident risk of older people with diseases. He too found slightly
increased relative risks of between 1.1 and 2.0 for alcoholism,
neurological diseases, psychiatric diseases, diabetes, sight disorders, constrained movements, auditory defects and cardiovascular diseases. Alcohol dependency showed the highest risk
with an RR of 2.0.
Due to the association between age and diseases, the degree
of these accident risks probably depends in part on the
co-morbidity of the members of the case groups. Holte and
Albrecht (2004) interviewed more than 4000 drivers aged at
least 65 years old concerning diseases and traffic safety; 27%
mentioned suffering from one disease and 46% more than one
disease. Sick and healthy persons did not differ from each other
in the number of referred number of crashes. But concerning
people with more than one disease, a 2.6-fold higher accident
risk was found in comparison to healthy people.

Indisposition: sleep disorders
This section will concentrate on sleepiness, probably the most
dangerous indisposition for traffic safety. Before reviewing
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epidemiological findings on the impact of sleepiness on road
traffic safety, a particular problem exists in this area (in addition
to the above-mentioned common aspects of the design): that
is the difficulty of measuring ‘sleepiness’ at the time of the
crash. Direct measurement of acute sleepiness only is possible
by self-report, using a subjective rating. Studies try to measure
objective determinants of sleepiness, such as lack of sleep, time
of day, time since waking, mileage driven, or conditions that
result in sleepiness, such as sleep apnoea, shift work, occupational driving. But even using these measures one has to realise
that acute sleepiness is a transient phenomenon that remains
difficult to measure. Hence the figures found in epidemiological
studies differ considerably.
A detailed compilation of the findings of epidemiological
studies on the role of sleepiness for road traffic safety was provided by Connor (2009). First of all she reports on 19 case–
control studies published between 1987 and 1999 with different
exposures (e.g. measurement of sleepiness at the time of the
crash, measures of usual daytime sleepiness, acute sleep deprivation, chronic sleep deprivation, sleep fragmentation, shift
work, time of day, snoring, sleep disorders). ORs for the main
effects ranged from 0.6 to 10.9. Three of the 19 studies with an
at least moderately robust design were reviewed in detail. They
showed the following findings:
• Adjusted OR of 7.2 (95% CI 2.4–21.8) for a crash with an
injury of the driver associated with sleep apnoea.
• Adjusted OR of 8.1 (95% CI 2.4–26.5) for a crash with
an injury of the driver associated with severe sleep
apnoea.
• Adjusted OR of 2.6 (95% CI 1.1–6.3) for sleep apnoea with
crashes or near misses.
• Adjusted OR of 5.7 (95% CI 2.4–9.2) for severe daytime
sleepiness with crashes or near misses.
• Adjusted OR of 3.4 (95% CI 1.8–6.9) for obstructive sleep
apnoea and crashes, with a strong association for men and
habitual snorers; 3.4 (95% CI 1.4 – 8.0) for severe sleep
apnoea; 4.2 (95% CI 1.6 – 11.3) for mild sleep apnoea; and
no association for women.
Connor summarised the results of the 19 studies as suggestive of a positive relationship between fatigue and crash risk
and as moderately strong evidence for a relationship between
sleep apnoea and risk of driver injury. Due to the many different designs findings of the studies it was not possible to provide
reliable estimates of the strength of the association.
The author refers to three further population-based epidemiological studies from 2001 to 2006 that revealed the following results:
• RRs in matched groups:
14.2 (1.4–147) for drivers who felt they had fallen asleep;
2.2 (1.4–3.3) for drivers who drive long distances for each
additional 160 km (100 miles).
• Adjusted RRs for drivers involved in crashes with one of the
car occupants hospitalised or killed:
8.2 (3.4–19.7) for sleepy drivers compared with alert or
relaxed drivers;
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2.7 (1.4–5.4) for drivers with five or less hours’ sleep in
the last 24 hours;
5.6 (1.4–22.7) for drivers driving between 2.00 and 5.00
a.m. compared with other times of the day.
• Risk of a serious crash was increased by:
1.5 times in those who reported driving while sleepy a
few times a year;
three-fold in drivers who experienced sleepiness while
driving once a month or more against never being sleepy;
five-fold when drivers with sleep apnoea were excluded.
The basic results from epidemiological studies in commuting shift workers according to Mets et al. (2009) are:










• High prevalence of sleepiness and nodding off when
driving home after night shifts and rotating shifts.

• Struggling to stay awake at work, exhaustion and
•
•
•
•

number of consecutive shifts can predict drowsiness
and near-miss accidents after shift work.
Extended shifts increase the risk of crashes and nearmiss incidents.
The risk of falling asleep behind the wheel increases
with the number of extended shifts per month.
Long driving distance after shift work is related to
severe sleepiness.
Sleep duration below 6–7 hours are associated with
sleep related crashes.
(Mets et al. 2009, p. 275, box 1)

The main factors associated with accident risk in commercial drivers are:

•
•
•
•
•
•
•
•
•

Higher levels of daytime sleepiness.
Poor sleep.
Work schedules with long work hours and few breaks.
Long total driving time.
Circadian, i.e. time-of-day influences: higher risk at
night/early morning and in afternoon.
High subjective job demands.
Personality traits.
Substance abuse.
Sleep disorders.
(Mets et al. 2009, p. 280, box 3)

57.3.5 Age
A U-shaped risk curve (see Fig. 52.1) describes the basic information on age and road traffic safety. Even if elderly drivers are
involved in few crashes in terms of absolute numbers, young
and older drivers represent the highest risk groups for crashes
in developed countries involving injury and death per distance
driven, per population and per number of licensed drivers. The
rates for 1997 in developed countries are: between three and six
killed and injured per 10 000 population, per 10 000 licensed
drivers and per 100 million miles driven for young drivers
(16–24 years) and between two and 12 for older drivers (≥75
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years). For comparison, rates were lower than two for all age
groups between 25 and 74 years (OECD 2001).
In developed countries motor vehicle crashes are often the
number one cause of injury-related deaths in the age group
65–74 years, and after falls the second leading cause (for ≥75
years) of deaths. Overall, the ORs of being involved in a crash
or to cause a crash increase considerably over the age of 75
years. According to the epidemiological literature (see, for
example, Koppel et al. 2011, and other contributions in Traffic
Injury Prevention Vol. 12, issues 5 and 6), some typical information concerning crashes with the involvement of older persons
can be summarised as follows:
• The crash risk for future generations of older drivers will
increase considerably due to the increasing number of older
driving licence holders and due to the fact that private cars
are likely to remain the dominant form of transport for
older drivers.
• Older drivers are about three times more likely to die in
crashes of equal severity as middle-aged and younger persons
due to the reduced health of older people.
• The crash types of older drivers can be characterised by:
larger share of collisions with another vehicle (at intersections) or with a fixed object;
smaller share of single vehicle crashes and speed-related
accidents;
high percentage of angle collisions;
over-representation in crashes during daylight hours,
when leaving driveways, when performing right-hand
turns and U-turns, and in 50–60 km/h speed zones.
• Chest and head injuries are the leading causes of crash
deaths.
• Crashes tend to be related to:
inattention;
slowed perception and response;
poor vision;
lack of awareness that driving skills can be influenced by
the use of medicines and/or miscellaneous medical
conditions.
On the other hand, epidemiological studies on crashes with
the involvement of younger drivers reveal that crashes tend to
be related to:
• Exceeding speed limits (including illegal street racing).
• Driving at night.
• Driving at the weekend.
• Influence of friends as passengers (‘disco crashes’).
• Driving with low concentrations (sometimes simultaneous
use) of drugs.
Factors that play a prominent role in crashes of youth are:
• Inexperience.
• Immaturity.
• Risk taking.
• Greater exposure to risk.
Since drinking and driving is a serious problem, especially
for young drivers, many developed countries have passed laws
requiring zero tolerance or a blood alcohol concentration

(BAC) of 0.02 g/dL or lower for novice drivers or drivers
younger than 21 years. Fell and Voas (2011) examined the findings of six studies on the effectiveness of such a lowering of
BAC limits: the decrease of police-reported alcohol crashes was
about 50%.

57.3.6 Driver characteristics
In countries that use a demerit point system, the driving
licence is withdrawn if a certain threshold is exceeded. According to a study by Utzelmann and Haas (1985), drivers in
Germany with a high number of points have a higher probability of committing a traffic offence in the future and also of
causing an accident than drivers with a low number of points.
Another study by Schade (2005) showed that the number of
points is a better predicter of future traffic offenses and accidents than the number of offenses committed by a driver.
However, the more offenses committed in the past, the higher
is the accident risk.
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Effects of Alcohol on
Fitness to Drive

Alan Wayne Jones

58.1 Introduction
The underlying cause or causes of a road traffic crash are
complex and involve interactions between man (the driver),
machine (the vehicle) and the environment (road quality, traffic
density, weather conditions). Traffic medicine is a multidisciplinary subject mainly concerned with epidemiology and the
documentation of crash statistics, road traffic fatalities, culpability on the part of the driver and the nature and severity of
any injuries sustained (Evans 2004). Research in traffic medicine includes devising ways to lower the risk of involvement in
a crash, which might involve construction of safer roads (crash
barriers) and/or vehicles (seat belts, air bags), and better education of the driver, especially regarding the dangers of drinking
alcohol or using other drugs before driving (Berghaus et al.
2007). Among the many human factors that might contribute
to a crash are the driver’s age and gender, physical and mental
health, lack of sleep (fatigue) and use of alcohol or other psychoactive drugs (Shiner 2007).
The problem posed by drinking alcohol before driving was
recognised soon after ‘motor wagons’ appeared on the roads
(Lerner 2011) as documented in an editorial published in
Journal of Inebriety (1907 issue). Despite this early warning it
took many years before governments reacted by introducing
legislation that made it a crime to drive a motor vehicle on
public roads under the influence of alcohol. Nowadays, statutory limits of blood alcohol concentration (BAC) are well established, although these differ four-fold (0.2–0.8 g/L) between
different countries, probably reflecting local politics rather than

Handbook of Forensic Medicine, First Edition. Edited by Burkhard Madea.
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traffic safety research (Jones 2011a). Without a shadow of
doubt, driving under the influence of alcohol (DUIA) increases
the risk of traffic crashes and efforts to deter drunken driving
are high on the agenda of all traffic safety organisations (Fell
et al. 2009).
Figure 58.1 illustrates many of the factors that might contribute to a road traffic crash including aspects of the vehicle
(brakes, speed, tyres, steering), the environment (weather,
traffic intensity, road conditions) and characteristics of the
driver (age, gender, health, fatigue, driving experience, distractions, use of cellular phone, use of alcohol and/or other drugs).
The overconsumption of alcohol in connection with driving
represents a major public health and safety problem worldwide
and traffic crashes are a leading cause of mortality and
morbidity.
The effects of alcohol on the skills necessary for safe driving
have been investigated extensively, both in the laboratory
(Mitchell 1985) and, more importantly, under more realistic
conditions using closed-track driving performance tests and
critical situations (Laurell 1977). The results of laboratory
experiments have shown a dose–response relationship between
the driver’s BAC and the impairment of cognitive and psychomotor functioning (Drew et al. 1959). Although a strong relationship exists between BAC and impairment, the BAC can be
measured much more accurately than can diminished performance. For this reason, punishable limits of alcohol concentration in blood, breath or urine have been established above
which it is an offence to drive a motor vehicle on the public
roads.
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Vehicle

Driver

Environment

Speed
Brakes
Tyres
Steering

Age and experience
Personality
Fatigue
Mobile phone
Alcohol
Drugs, medication
State of health

Weather
Road condition
Day–night
Traffic flow
Passengers

Figure 58.1 Examples of factors that might contribute to a road
traffic crash, including aspects of the vehicle, the driver and the
environment.

This chapter reviews the methods used to determine alcohol
in blood and breath for legal purposes along with the statutory
alcohol limits, which differ between countries (Jones 2011a).
Demographics of typical drinking drivers are reported along
with the distribution of BACs when apprehended. The problem
of dealing with people who re-offend is discussed based on
experience from Sweden, a country known for its strict regulations concerning the use of alcohol in connection with driving.

58.1.1 Properties of alcohol
Alcohol (ethanol) is a legal drug and alcoholic beverages are
available for purchase by adults almost without any restrictions
in most countries. The principal psychoactive substance in all
alcoholic beverages is ethanol (CH3CH2OH), which acts as a
depressant of the central nervous system. The mechanism and
mode of action of ethanol is similar to that of general anaesthetics, except that much larger doses are required to cause
narcosis, sleep and unconsciousness (Goldstein 1983).
The principal signs and symptoms of alcohol influence are
well known and these are summarised in Table 58.1. Drinking

Table 58.1 Effects of ethanol on non-tolerant individuals in relation to the their blood alcohol concentration (BAC).
BAC range (g/L)a

Typical signs and symptoms of alcohol influenceb

0.2–0.4

Person feels more relaxed and talkative with reduced shyness. The depressant effects of alcohol are not
apparent at this BAC

0.4–0.8

Feelings of euphoria, lowered inhibitions, sensation of warmth and only minor impairment of reasoning and
memory. A person might show more intense emotions and exaggerated behaviour

0.8–1.2

Impairment of balance, speech, vision, reaction time and hearing are now evident. Judgment and self-control
are reduced and a person might be more prone to take risks

1.2–1.6

Significant impairment of motor coordination and loss of good judgment. Speech may be slurred. Balance,
vision, reaction time and hearing are more impaired

1.6–2.0

Impairment now more pronounced, vision might be blurred and disturbances in balance (ataxia). Judgment and
perception are severely impaired

2.0–2.4

Disorientation, feelings of nausea and people are prone to vomit, especially if BAC increases rapidly

2.4–2.8

State of confusion, unable to walk unaided, slurred speech. Because the gag reflex might be impaired at this
BAC, there is a risk of suffocation if the person vomits. Deaths from asphyxia in young people in a drunken
stupor, bordering on a state of consciousness, are well documented. Possible loss of memory and being
unable to remember what happened the night before is common

2.8–3.2

All mental, physical and sensory functions are severely impaired. Increased risk of asphyxiation from choking
on vomit and injuring oneself by falls or other types of accidents

3.2–3.6

At this BAC most people are in an alcoholic stupor and have little comprehension about what is going on
around them. They might suddenly pass out and be difficult to awaken

3.6–4.0

Complete incapacitation and surgical anesthaesia

>4.0

Probably comatose with risk of death from respiratory arrest

a
Large intersubject variations exist within one and the same BAC interval depending on age, previous experience with alcohol, speed of drinking and central
nervous system tolerance.
b
The impairment effects are more pronounced on the rising part of the BAC curve close to Cmax compared with several hours after Cmax when acute tolerance
has developed.
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small amounts of alcohol makes people feel relaxed and they
become more talkative and experience a mild euphoria. As
more alcohol is consumed and concentrations in blood and
brain increase, people become more daring, and they show
poor judgment and self-control. Consumption of alcohol also
makes people more inclined to take risks, which poses a danger
for traffic safety and increases the probability of a crash. When
BAC reaches 0.5–0.8 g/L, the impairment of sensory and motor
functioning becomes more obvious with deterioration in fine
muscular control, balance disturbances, staggering gait, ataxia,
etc. (Table 58.1).
The clinical manifestations of intoxication depend on the
person’s age, pattern of drinking and previous exposure to the
drug as reflected in the development of acute and chronic tolerance (Kalant 1998). The signs and symptoms of alcohol influence differ widely between different individuals and depend on
the amount consumed (the dose), the speed of drinking and
the rate at which ethanol is absorbed into the blood stream.
Accordingly, the information in Table 58.1 is intended as a
general guideline and might not necessarily apply to any specific individual. A considerable overlap exists between the
various stages of alcohol influence and the prevailing BAC.
Temporal variations between impairment and BAC also exist
depending on whether tests are made on the rising or declining
phase of the curve (Schweizer et al. 2006). The impairment
effects of ethanol are more pronounced on the rising limb
of the BAC curve close to the time of reaching the peak concentration in blood. Several hours after the end of drinking,
when the post-absorptive phase is well established, the acute
intoxicating effects of alcohol subside or disappear completely
(Alha 1951). Highly sensitive tests are necessary to demonstrate
impairment on reaching the post-absorptive declining phase,
even though the BAC is above the legal limit for driving. Nevertheless, the risk of a traffic crash might still be significant
because of anxiety and fatigue resulting from the after-effects
of recent drinking.
Alcohol has been called the Jekyll and Hyde of the drug
world because moderate drinking causes no ill effects on a
person’s health, whereas overconsumption and abuse wrecks

people’s lives, strains personal relationships and damages
organs and tissues, especially the liver (Gibbons 1992). In a
recent British survey of the dangerousness of recreational
drugs, alcohol topped the list ahead of heroin and crack cocaine
(Nutt et al. 2010).

58.2 Medicolegal alcohol
determination
The concentration of ethanol determined in a person’s blood
or breath is widely accepted as evidence of impairment (Moriya
2005). The determination of ethanol in blood provides a more
objective way to judge overconsumption of alcohol compared
with the use of clinical tests of drunkenness. The latter suffer
from the problem of subjectivity and outcome often depends
on the training and experience of the person making the tests
(Penttila and Tenhu 1976).
Besides the analysis of ethanol in blood samples, many
countries have approved the use of breath alcohol instruments
and this has required establishing punishable limits of breath
alcohol concentration (BrAC) alongside the more wellestablished BAC. The concentration units used to report BAC
and BrAC for legal purposes varies between countries as shown
in Table 58.2.

58.2.1 Blood alcohol analysis
Methods for the determination of alcohol in blood have been
available for more than a century (Jones 1996). The microdiffusion method, developed by Widmark in 1922, was sufficiently
reliable for legal purposes and was accepted for use in several
countries by the 1940s (Widmark 1922). The method involved
heating the blood sample to c. 50°C to remove the volatile
ethanol by diffusion using specially designed flasks. The ethanol
was then oxidised with a mixture of potassium dichromate and
sulphuric acid and quantitative analysis was performed by
iodometric titration. In the 1950s more specific methods based

Table 58.2 Different concentration units used to report blood alcohol concentration (BAC) and breath alcohol concentration (BrAC) for
legal purposes in different countries.
Concentration unit
for reporting BAC

Countries where these
units are used

Concentration unit for
reporting BrAC

Countries where these units
are used

mg/g (g/kg)

Sweden, Denmark, Norway,
Finland, Germany

mg/L

Austria, Sweden, Denmark,
Norway, Finland, Germany, Spain
and other European countries

mg/mL (g/L)

Austria, France, Holland,
Spain, Belgium

μg/L

Holland

mg/100 mL (mg/dL)

UK, Ireland, Canada, New
Zealand

μg/100 mL

UK, Ireland, New Zealand

g/100 mL (g%)

USA, Australia

g/210 L

USA
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on enzymatic oxidation with alcohol dehydrogenase (ADH)
became available (Bonnichsen and Theorell 1951). These
so-called ADH methods were easier to automate, which was
important considering the large increase in traffic offenders in
most nations with increasing numbers of registered motor
vehicles.
In the early 1960s gas chromatographic (GC) methods of
blood alcohol analysis were introduced and these quickly
became the gold standard for quantitative and qualitative determination of ethanol as well as other volatiles in biological specimens (Machata 1975). The use of GC methods furnished both
a qualitative determination of ethanol from its retention time
and a quantitative analysis from the peak area or peak height
of the GC response in the same analytical run.
Table 58.3 gives a synopsis of the major events in the development of analytical methods for determining ethanol in blood
for legal purposes (Jones 1996).
A robust and well-proven GC method of analysis typically
requires first diluting an aliquot of blood (1 : 10) with an
aqueous solution of an internal standard (n-propanol or

t-butanol) and injecting 1–2 μL of the mixture into the heated
inlet port of the GC instrument where it mixes with carrier gas
(N2 or He) and passes through a GC column. Volatiles in the
blood, including ethanol and the internal standard, are separated before they reach a flame ionisation detector (FID) for
quantitative analysis. The headspace sampling method entails
equilibration of the blood samples and internal standard at a
constant temperature of 45–60°C in a glass vial made airtight
with a crimped-on aluminium cap (Hachenberg and Schmidt
1977). Thereafter a portion of the headspace vapour (1 mL) is
removed with a gas-tight syringe and injected into the inlet port
of the GC instrument, or some automated method of sampling
headspace vapour is used for analysis (Seto 1994).
Few substances in forensic toxicology can be determined
with such a high accuracy, precision and specificity as ethanol
concentration in blood. Results from an interlaboratory proficiency trial of blood alcohol analysis at specialist forensic toxicology laboratories in Nordic countries are presented in Table
58.4. Actual blood samples were obtained from apprehended
drivers and the specimen was split into 1 mL portions and

Table 58.3 Chronological developments in the methods used for quantitative analysis of ethanol in blood for forensic purposes.
Time period

Analytical method

Brief details of the procedure

1920s

Chemical oxidation

Separation of ethanol from blood by diffusion followed by oxidation with excess
potassium dichromate in sulphuric acid and volumetric (iodometric) analysis

1950s

Enzymatic oxidation

Precipitation of blood proteins with perchloric acid, then analysis of ethanol in
the supernatant after adding buffer to pH to 9.4 and oxidation with alcohol
dehydrogenase (ADH) and monitoring formation of reduced coenzyme NADH
in ultraviolet light at a wavelength of 340 nm

1960s

Gas chromatography
(GC)

Dilution of an aliquot of the blood specimen (10 μL) about 10 times with aqueous
n-propanol or t-butanol as internal standard. Then injecting 1 μL of the mixture
into a GC instrument fitted with a flame ionisation detector

1970s to present

Headspace gas
chromatography
(HS-GC)

An aliquot of the blood specimen (10 μL) is diluted about 10 times with aqueous
n-propanol or t-butanol as internal standard and the mixture is equilibrated at
50 or 60°C in a glass vial made air tight with a rubber septum and
crimped-on aluminium cap. After equilibration for about 30 min a sample of
the headspace vapour is removed and injected into the GC instrument for
analysis with a flame ionisation detector

Table 58.4 Results of an interlaboratory proficiency test of blood ethanol analysis at specialist forensic laboratories in Nordic countries.
Concentrations are reported in mg/g.
Blood sample

Denmark

Finland

Iceland

Norway

Sweden

Mean ± SD

CV%

1

0.49

0.46

0.47

0.48

0.47

0.474 ± 0.011

2.3

2

1.77

1.63

1.71

1.78

1.75

1.728 ± 0.061

3.5

3

2.69

2.58

2.68

2.76

2.70

2.682 ± 0.065

2.4

4

0.72

0.71

0.70

0.76

0.74

0.726 ± 0.024

3.3

5

1.12

1.09

1.10

1.13

1.12

1.112 ± 0.016

1.4

6

2.98

2.87

2.99

3.01

2.88

2.946 ± 0.066

2.2

CV%, coefficient of variation; SD, standard deviation.
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shipped to the participating laboratories as part of a declared
proficiency trial. The mean results from six different blood
samples ranged from 0.47 to 2.88 g/L and a good agreement
between laboratories was clearly evident from low coefficients
of variation (CV%) of 2–3%. Within-laboratory precision,
derived from results of replicate determinations on the same
specimen in the same laboratory, was much better with <1
CV% (data not shown).

58.2.2 Breath alcohol analysis
Breath alcohol analysers have been used to test if a driver has
consumed alcohol since the 1930s, although it was not until the
Breathalyzer instrument was invented in the mid-1950s that
this approach to improve traffic safety was accepted worldwide
(Jones 1996). Two main applications for breath alcohol instruments are in use today: (i) as preliminary roadside screening
tests for alcohol influence; and (ii) as evidential instruments
that provide results for the prosecution of traffic offenders
(Schechtman and Shinar 2011). The main advantage of breath
analysis over blood analysis is the non-invasive nature of the
sampling and the fact that the test result is known immediately
(Jones 2000).
Breath alcohol instruments are ideal for screening motorists
for alcohol use at the roadside and for this purpose a number
of hand-held devices are available (Zuba 2008). The determination of ethanol by these hand-held devices is done by means of
electrochemical sensors and the electric current they produce
during oxidation of ethanol to acetaldehyde is amplified and
displayed on the instrument immediately afterwards. An
important element in the reliability of results from the use of
breath alcohol instruments is an accurate calibration, which is
achieved by analysing known air–ethanol concentration mixtures. These standards are either generated by use of a wet-bath
simulator or from compressed dry-gas mixtures contained in
pressurised cylinders (Dubowski and Essary 1996). The alcohol
test results are either reported as the concentration in the breath
sample analysed or an estimate is made of the coexisting BAC,
which requires precalibration with an assumed blood : breath
ratio of alcohol such as 2000 : 1 or 2100 : 1(Pavlic et al. 2006).
When results of breath alcohol tests done by the police
authorities are used for evidential purposes, a number of scientific safeguards and quality assurance procedures are necessary (Dubowski 1994): for example, a way to detect the presence
of residual alcohol in the mouth such as by the use of a slope
detector or by waiting at least 15 minutes after the last drink
(Sterling 2012). It is also important to obtain a printed record
of all tests done and these should be made in duplicate 3–6
minutes apart (Gullberg and Polissar 2011). The validity of the
results of the breath alcohol test is enhanced if, at the same time
a subject is tested, there is a test made of the ambient air, which
serves as a control test (blank), as well as to make a calibration
check with air–alcohol standards before or after the suspect is
tested (Hodgson 2008).
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Most of the currently available evidential breath alcohol
analysers use infrared absorption spectrometry for the analysis
of ethanol, either by monitoring the C-H stretching frequency
(3.4 μm) or more recently the C-O stretch (9.5 μm) or both
(Harding and Zettl 2008). Monitoring multiple wavelengths is
a way to enhance selectivity for identification of ethanol and to
minimise the risk of any interference from other volatiles in the
breath sample, either produced endogenously or inhaled from
the environment.
Refusal to provide a sample of breath or the inability to give
a proper sample for some medical reason will necessitate that
a specimen of venous blood is taken for analysis instead. The
pros and cons of blood samples as opposed to breath samples
for use in law enforcement have been reviewed elsewhere (Jones
2000). The non-intrusive nature of breath sampling makes it
more acceptable to the suspect, who also gets to know within a
few minutes whether the result is over the legal limit, whereas
blood must be shipped to a laboratory for analysis and the
results take days or weeks to arrive. However, compared with
blood analysis, breath alcohol testing is more prone to physiological variations such as differences in the way the sample is
provided (breathing pattern).
Examples of the breath alcohol instruments appearing over
the years for use in the enforcement of traffic laws when drinking drivers are apprehended are shown in Table 58.5.
Because of the medicolegal significance of results of blood
and breath alcohol testing, a number of scientific safeguards are
necessary, such as making duplicate determinations and some
allowance for uncertainty in the analytical method used (Gullberg 2012). This entails making a deduction from the mean
analytical result so that the amount (BAC or BrAC) remaining
is not less than the true alcohol concentration with a high
degree of confidence, such as 99% or 99.9%.
Forensic blood samples are usually stored in a refrigerator
(4°C) for 12 months, although during this time the concentration of ethanol decreases by about 0.02–0.03 g/L per month
(Dubowski et al. 1997). Blood samples as opposed to breath
samples also have the advantage that they can be used to analyse
for drugs other than alcohol, although at the present time this
is not feasible with breath samples. Furthermore, it is not easy
to capture and store a sample of breath for a later re-analysis if
the analytical result is challenged, which is not uncommon in
drink driving cases.

58.2.3 Statutory alcohol limits
The enforcement of statutory limits of alcohol concentration
is the principal means of deterring and also prosecuting
drunken drivers (Voas and Fell 2011). In Sweden, Norway and
Poland, the statutory blood alcohol limit is 0.2 mg/g (c. 0.2 g/L),
whereas in most European Union nations the limit is set at
0.5 g/L. In Great Britain and all 50 US states and the provinces
of Canada the legal blood alcohol limit for driving is 0.8 g/L
(Lerner 2012).
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Table 58.5 Major developments in the instruments used for breath alcohol analysis, the approximate time period when they appeared
and the operating principle for determination of ethanol.
Time period

Breath analyser name

Brief details of the analytical procedure

1950s

Breathalyzer

Chemical oxidation with potassium dichromate and sulphuric acid; end-point
determination by photometry

1970s

GC Intoximeter
Alco-Analyzer

Small, compact gas chromatographs designed to capture a sample of end-exhaled
breath; then quantitative analysis by a flame ionisation detector (Intoximeter) or
thermal conductivity detector (Alco-Analyzer)

1970s

Intoxilyzer

Single wavelength (3.39 μm) infrared spectrometer measuring C-H stretching
vibrations in ethanol molecules

1975

Alcolmeter
AlcoSensor

Hand-held instruments incorporating a novel method to capture a small portion of
end-expired breath. The analysis of ethanol is done using an electrochemical
fuel cell principle with oxidation to acetaldehyde at a platinum electrode surface

1980s

DataMaster
Intoxilyzer 5000

Multiple infrared filters in the 3.3–3.5 μm range corresponding to C-H stretching in
ethanol molecules and acetone as the main potential interfering substance

1990s

Alcotest 7110
Intoximeter EC-IR

Instruments that incorporate infrared and/or electrochemistry for the
determination of ethanol, with both these technologies used in the Alcotest 7110
breath analyser

2000s

Intoxilyzer 8000

Instruments incorporating infrared analysis at wavelengths of 3.4 μm (C-H stretch)
and 9.5 μm (C-O) stretch in ethanol molecules

2010s

Alcotest 9510
DataMaster DMT
Evidenzer

More robust and portable instruments with the capability of being used at the
roadside for evidential testing. Dual detector incorporating an infrared (9.5 μm)
and full cell (Alcotest) or a five filter infrared analyser around 3.4 μm
wavelength (Evidenzer)

Table 58.6 Statutory limits of blood alcohol concentration (BAC) and breath alcohol concentration (BrAC) and the operational
blood : breath ratio of alcohol (BBR) used in some European Union countries.
Countrya

Statutory BAC

Statutory BrAC

BBR

Austria

0.50 g/L

0.25 mg/L

2000

Belgium

0.50 g/L

0.22 mg/L

2300

France

0.50 g/L

0.25 mg/L

2000

Greece

0.50 g/L

0.25 mg/L

2000

Italy

0.50 g/L

0.50 g/L

2000

Poland

0.20 g/L

0.10 mg/L

2000

Portugal

0.50 g/L

0.50 g/L

2300

Republic of Ireland

50 mg/100 mL

22 μg/100 mL

2300

Spain

0.50 g/L

0.25 mg/L

2000

Netherlands

0.50 mg/mL

220 μg/L

2300

United Kingdom

80 mg/100 mL

35 μg/100 mL

2300

a

Note that in some nations the alcohol limits might be lower for learner drivers or recently qualified (novice) drivers, as well as for people driving heavy
commercial vehicles.

Table 58.6 compares the current statutory alcohol limits for
driving in several European nations where both evidential
blood and breath alcohol methods are used. The connection
between the two statutory concentrations is the operational
blood : breath ratio (BBR), which also varies from country to
country. Because most countries already had a statutory BAC

written in the law before evidential breath alcohol analysers
were introduced, the question arose what should be the statutory BrAC limit. This necessitated adopting a population
average BBR, which was then used to derive the statutory BrAC,
but unfortunately there was no international consensus and
values ranging from 2000 : 1 to 2400 : 1 were used.
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Table 58.7 Statutory limits of blood alcohol concentration (BAC) and breath alcohol concentration (BrAC) and the operational
blood : breath ratio (BBR) used in Germany and the Scandinavian countries.

a

Country

Statutory BACa

Statutory BrAC

BBR

Denmark

0.50 mg/g

0.25 mg/L

2100

Finland

0.50 mg/g

0.22 mg/L

2400

Germany

0.50 mg/g

0.25 mg/L

2100

Norway

0.20 mg/g

0.10 mg/L

2100

Sweden

0.20 mg/g

0.10 mg/L

2100

Note that the density of blood is 1.055 g/mL and this difference between mass/mass and mass/volume was considered in calculating the BBR.

Table 58.8 Statutory limits of blood alcohol concentration (BAC) and breath alcohol concentration (BrAC) and the operational
blood : breath ratio (BBR) used in the USA, Canada, Australia and New Zealand.
Country

Statutory BAC

Statutory BrAC

Australiaa

0.05 g/100 mL

0.05 g/100 mL

2100

Canada

80 mg/100 mL

80 mg/100 mL

2100

New Zealand

80 mg/100 mL

400 μg/L

USAb

0.08 g/100 mL

0.08 g/210 L

a

BBR

2000
2100

a

In these countries, the result of the breath alcohol test is converted into the BAC using a population average BBR of 2100 : 1.
Lower statutory limits (e.g. 0.02 g/100 mL) apply to people under 21 years of age. For drivers of public transport and heavy commercial vehicles the alcohol
limit is 0.04 g/100 mL.
b

In Germany and the Scandinavian countries, the BAC
for legal purposes is reported as mass/mass concentration
units (mg/g or g/kg). Because the density of whole blood is
1.055 g/mL, this must be considered when calculating the statutory breath alcohol limit so there is a need to convert BAC in
units of mass/mass to BAC in mass/volume (g/L or mg/mL).
Table 58.7 shows the statutory alcohol limits for driving
expressed as blood alcohol and breath alcohol and the operational BBR in Germany and Scandinavian countries.
In the United States, Canada and Australia, breath alcohol
instruments were introduced into law enforcement for testing
drunk drivers earlier than in Europe after the Breathalyzer
instrument was developed (Borkenstein and Smith 1961). The
Breathalyzer results were reported as the estimated BAC by the
use of a calibration factor, the so-called BBR (2100 : 1), which
meant that the concentration of alcohol in the subject’s breath
was automatically converted into the BAC and this was read off
the instrument.
Research done in the 1970s showed appreciable biological
variations in the BBR of alcohol and this became a major point
of controversy when people were prosecuted. This led to a
subsequent change in the law so that the legal alcohol limits
for driving were defined as breath alcohol concentration
(BrAC). This meant that in the USA a BAC of 0.08 g/100 mL
was deemed equivalent to a BrAC of 0.08 g/210 L, thus assuming a BBR of 2100 : 1, which still exists today. Table 58.8 compares the statutory limits of blood and breath alcohol

concentrations and the BBR of alcohol in the USA, Canada,
Australia and New Zealand.

58.3 Characteristics of offenders
58.3.1 Age and gender
Drunken driving and road traffic crashes represent a major
cause of morbidity and mortality in young people worldwide.
The age of offenders range from 14 to 90 years with a clear
predominance of males in the age group 35–45 years (Holubowycz et al. 1994). Descriptive statistics showing age, gender
and mean BAC for people apprehended in Sweden for drunken
driving are shown in Table 58.9. The female drivers were slightly
older than the males by 2.8 years on average and this difference
was statistically significant and consistent over time.
A relative frequency distribution of the age of male and
female traffic offenders is shown in Fig. 58.2 where it can be
seen that the relative proportion of males was highest in the age
range 20–35 years, whereas females were apprehended more
often in the age range 40–65 years. These differences in propensity for drunken driving as a function of gender and age might
reflect developments and changes in drinking habits (Holubowycz and McLean 1995). Young men seem more likely than
women to engage in irresponsible drinking, show poor judgment and self-control, resulting in them being stopped by the
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Table 58.9 Demographics of people apprehended in Sweden for drunken driving.
Subjects

N (%)

Mean age ± SD in years (range)

Mean BAC ± SD (g/L)

Median BAC (g/L)

Highest BAC (g/L)

Men

29 370a (89.5%)

39.0 ± 14.6b
(14–90 years)

1.73 ± 0.85c

1.77

5.02

Women

3 444 (10.5%)

41.8 ± 13.6
(14–82 years)

1.78 ± 0.87

1.83

5.18

Both

32 814 (100%)

39.3 ± 14.5
(14–90 years)

1.74 ± 0.85

1.78

5.18

BAC, blood alcohol concentration; SD, standard deviation.
a
Significantly higher proportion of men (P < 0.001).
b
Average age of men less than women (P < 0.001).
c
Mean blood ethanol concentration in men lower than women (P < 0.01). Note that the BAC reported is before making a deduction for uncertainty in the
analytical method.
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Figure 58.2 Relative frequency distribution of the age of
apprehended drunken drivers in Sweden showing a relatively
higher proportion of men aged 20–35 years and women aged
40–65 years.

police for drunken driving. By contrast, female drinking drivers
are seemingly more of a problem when they reach middle age,
perhaps coinciding with the development of problems in life
and with alcohol in general (Skurtveit et al. 1995).
Historically, overconsumption of alcohol and drunken
driving has been a male-dominated form of deviant behaviour.
However, the number of females has increased appreciably over
the past decades from being 1.6% of the total number apprehended in 1967 to 6.2% in 1986, 10% in 2007 and 12% in 2011,
based on studies in Sweden (Jones et al. 1989). In Norway 7.6%
of all arrested drivers were women in a study from 1992 to 1993
(Skurtveit et al. 1995). More and more women are obtaining a
driving licence earlier in life, and there is a definite change in
drinking habits among women. This includes frequency of
intake and amount of alcohol consumed, which probably
accounts for increasing prevalence of female drunken drivers
in most nations (Romano et al. 2012).

10

5

0
0.0

1.0

2.0

3.0

4.0
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Figure 58.3 Relative frequency distribution of the blood alcohol
concentration (BAC) in apprehended drivers in Sweden showing
no significant differences between men and women.

58.3.2 Blood alcohol concentration
In people apprehended for drunken driving, their BACs span a
wide range from below the legal limit to concentrations commonly considered sufficient to cause death >4 g/L (Jones 1999).
Figure 58.3 is a relative frequency distribution of the BAC in
drunken drivers in Sweden subdivided for male and female
offenders (Jones and Holmgren 2009). The frequency distribution of BAC did not seem to differ very much for men and
women, which suggests similar drinking habits in this population of traffic offenders. Moreover, 38% of men and 40% of
women had a BAC exceeding 2.0 g/L, which is a strong indicator
of binge drinking and most likely an alcohol use disorder
(Schuckit 2009). In these high risk offenders (BAC >2 g/L) the
notion of some type of treatment and rehabilitation for alcohol
problems might be more worthwhile than conventional punishment, such as fines or imprisonment.
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The average BAC of 1.75 g/L (median 1.71 g/L, with some
individuals over 3.0 g/L) is another indicator of an alcohol
abuse problem. The BAC can be translated into the amount of
alcohol absorbed and distributed in all body fluids at the time
the blood was taken by use of the well-known Widmark equation (Widmark 1981). Accordingly, a male offender weighing
75 kg with a BAC of 1.75 g/L and an ethanol distribution factor
of 0.70 L/kg has 89 g of ethanol absorbed and distributed in all
body fluids and tissues. This corresponds to the consumption
of at least 11 standard drinks or units of alcohol (1 unit = 8 g).
The total amount of alcohol consumed would be even greater
because of the amount eliminated by metabolism from the time
of starting to drink until the time of obtaining a blood sample
(Gullberg and Jones 1994). Studies have shown that the average
rate of ethanol metabolism is 7–8 g (c. 1 unit) per hour.

2007) in Sweden. These data make it perfectly clear that drunken
drivers in Sweden are mostly men (85–90%) with an average
age of 39 years. The female offenders are 2–3 years older on
average when they are apprehended although they consume
similar amounts of alcohol, since the mean and median BAC is
about the same or slightly higher in females.

58.3.4 Recidivism
Repeat offending is a major problem for traffic safety organisations and government authorities to deal with (Cavaiola et al.
2007). A typical sanction for a drunken driving conviction is
revocation of the driving permit for 12–24 months, although
this does not seem to deter hard-core offenders, many of whom
continue to drive without a valid permit (Nochajski and Stasiewicz 2006). Re-arrest rates differ between countries but studies
show that about 30% of people are re-arrested one or more
times over a 7-year period (Christophersen et al. 2002).
Table 58.11 gives the demographics of first-time and repeat
offenders in Sweden within 4 years of the first offence. Males were
re-arrested more frequently than females (93% vs. 7%) when

58.3.3 Trends over time
Average age, the predominance of males to females and the
consistency in the average BAC can be seen in Table 58.10,
which shows statistics collected over a 5-year period (2003–

Table 58.10 Changes in demographics of drunken drivers in Sweden over time showing mean age, proportion of male to female
offenders, and mean blood alcohol concentration (BAC) for the years 2003–2007.
Year

Na

Mean age ± SD
(years)

Mean
BAC ± SD (g/L)

Gender

N (%)

Mean age ± SD
(years)

Mean
BAC ± SD (g/L)

2003

4381

39 ± 14.4

1.75 ± 0.84

Men
Women

3950
431 (9.8%)

39 ± 14.5
42 ± 13.5

1.75 ± 0.84
1.75 ± 0.85

2004

4084

39 ± 14.4

1.73 ± 0.83

Men
Women

3663
421 (10.3%)

39 ± 14.5
41 ± 13.5

1.73 ± 0.93
1.74 ± 0.83

2005

3873

40 ± 14.7

1.75 ± 0.83

Men
Women

3466
407 (10.5%)

39 ± 14.8
43 ± 13.7

1.74 ± 0.83
1.81 ± 0.83

2006

3870

40 ± 14.9

1.73 ± 0.84

Men
Women

3439
431 (11.1%)

39 ± 14.9
42 ± 14.8

1.72 ± 0.83
1.82 ± 0.86

2007

3814

39 ± 14.9

1.72 ± 0.83

Men
Women

3412
402 (10.5%)

39 ± 14.7
41 ± 15.2

1.71 ± 0.82
1.80 ± 0.86

SD, standard deviation.
a
Offenders providing an evidential breath alcohol test are not included in this table.

Table 58.11 Demographics of people arrested for drunken driving comparing first arrest offences with recidivists.
Arrests

Gender

N (%)

Mean age ± SD
(years)

Mean
BAC ± SD (g/L)

One

Men
Women

12555 (89)a
1560 (11)

38.8 ± 14.9b
41.5 ± 13.5

1.69 ± 0.78
1.73 ± 0.79

Two or morec

Men
Women

2672 (93)a
188 (7)

39.8 ± 13.1b
43.4 ± 10.2

1.85 ± 0.82d
1.69 ± 0.82

BAC, blood alcohol concentration; SD, standard deviation.
a
Significantly higher proportion of men (P < 0.001).
b
Average age of men was less than women (P < 0.001).
c
The number of multiple arrests exceeded the number of individuals because some people were arrested several times; mean 2.5 times for men and 2.3
times for women.
d
Mean blood ethanol concentration in male repeat offenders was higher than in first-time offenders (P < 0.01).
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compared with first-time offenders (89% vs. 11%). Moreover,
mean BAC was higher in male repeat offenders (1.85 g/L) compared with first-time offenders (1.69 g/L). The average number of
re-arrests was 2.5 for men compared with 2.3 for women.

58.4 Amounts of alcohol consumed
After absorption from the gut, alcohol reaches the portal venous
blood and is distributed into the total body water compartment
without binding to plasma proteins, and solubility of ethanol
in fat and bone is negligible compared with solubility in water
(Kalant 1996). The forensic pharmacokinetics of ethanol in
humans has been studied extensively and various blood alcohol
calculations are required in connection with the prosecution of
drunken drivers, such as back-calculating the BAC from the
time of sampling to the time of driving (Jones 2011b). These
calculations are mostly done using the Widmark equation or
some modification thereof, such as by taking into consideration
how body composition has changed since the 1930s (more
obesity in today’s society) when Widmark’s work was done
(Widmark 1981). The basic Widmark equation is:
A (g) = BAC (g/L) × body weight (kg) × rho (L/kg)
In this equation A is grams of ethanol absorbed and distributed
in all body fluids and tissues, BAC is the person’s blood alcohol
concentration in g/L and rho is a physiological factor representing the concentration ratio of ethanol in the body to that in the
blood. The rho factor represents the volume of distribution
(Vd), which was determined as c. 0.7 L/kg for men and c. 0.6 L/
kg for women although these values show about ±20% variability within each gender. This stems from biological differences
in body composition, especially the higher proportion of fat to
lean body mass in women (Watson et al. 1981). Ethanol distributes into the water compartment of the body and total body
water in percent of body weight is lower in women (c. 50%)
compared with men (c. 60%) and also lower in obese compared
with lean individuals (Forrest 1986).
In clinical medicine, risky drinking is often monitored from
the number of units of alcohol consumed per day or per week
with 1 unit corresponding to 8 g of ethanol (Miller et al. 1991).
Eight grams of ethanol is contained in 275 mL (half a pint)
medium strength beer (4 vol%), a small glass of table wine
(100 mL) or one measure (25 mL) of spirits (40 vol%). Although
opinions differ between what constitutes risky drinking, the
consumption of 3 units of alcohol per day for a man and 2 units
per day for women and the elderly (>60 years) is not generally
considered an immediate danger to health (Dawson 2011).

58.5 Alcohol consumption
and crash risk
The experimental evidence supporting the role of alcohol as a
causative factor in traffic crashes is very extensive and derives

from various sources, including controlled laboratory experiments aimed at measuring diminished performance in cognitive and psychomotor functioning (Tiplady et al. 2004), to the
use of driving simulators and case-controlled roadside surveys
(Blomberg et al. 2009).
The skills necessary for safe driving include good visual
search and recognition, vigilance, information processing, decision making, often in choice situations, and the necessary
sensory and motor control to perform these tasks (Ferrara
et al. 1994). A host of laboratory studies have recorded eye
movements, glare recovery, visual perception, auditory stimuli,
reaction time in choice situations, speed in processing information, and general psychomotor performance as influenced by
alcohol. Divided attention tasks, such as when two or more
sources of visual information must be processed simultaneously, are particularly sensitive to the effects of ethanol.
Using a cellular phone when driving or reading or sending
text messages has become a traffic safety hazard because the
driver has to concentrate on several things at the same time
(Strayer et al. 2006). Indeed, some nations have enacted legislation making it an offence to use a ‘hand-held’ mobile phone
when driving. Distraction caused by other in-vehicle electronic
devices, such as road maps, DVDs, etc. might also increase
propensity for involvement in a crash.

58.5.1 Roadside surveys
Strong evidence of a quantitative relationship between a driver’s BAC and the probability of becoming involved in a crash
comes from conducting so-called roadside surveys, the most
famous of which was done in the city of Grand Rapids, Mitchigen, USA in the 1960s (Borkenstein et al. 1974). These case–
control studies involve the analysis of alcohol in the blood or
breath of drivers actually involved in a crash (test group) and
compare these results with a matched group of drivers not
involved in a crash (control group). The control drivers are
selected at roughly the same time of day, day of week, location
of crash and direction of traffic flow. The results from such
case-controlled studies allow the construction of a relative risk
curve which defines the relationship between probability of a
crash and the driver’s BAC or BrAC.
Figure 58.4 shows a relative risk curve derived from two
roadside surveys in the USA – one in Florida and the other in
California (Blomberg et al. 2009). The risk of a crash increases
considerably as a driver’s BAC passes 0.5 g/L, and the dotted
lines are hypothetical changes that might be seen for people
with different tolerance to the impairment effects of alcohol on
driving skills.
The results in Fig. 58.4 confirmed and extended the findings
from the Grand Rapids relative risk study (Borkenstein et al.
1974). Moreover, some of the deficiencies in the original study
were corrected, such as the use of more modern methods for
analysis of the driver’s BAC and active pursuit of hit-and-run
drivers and testing them for alcohol influence (Blomberg et al.
2009). Neither the Grand Rapids study nor other roadside
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surveys have attempted to differentiate drivers on the rising or
declining limbs of the BAC curve. This information might have
been gleaned from questioning the driver about their drinking
pattern over time, the amounts of alcohol consumed and the
time of the last drink before involvement in a crash.

58.5.2 Laboratory studies
A wide variety of skills are necessary for safe driving and these
are tightly linked to how information is processed, especially
sensory and motor functions, memory and attention to visual
and auditory cues (Ferrara et al. 1994). Performance tests done
under controlled laboratory conditions are far removed from
22
20

Normal tolerance
High alcohol tolerance
Low alcohol tolerance

Relative risk of a crash

18
16
14
12
10
8
6
4
2
0
0.0

0.2

0.4

0.6

0.8

1.0

1.2

1.4

1.6

BAC (g/L)
Figure 58.4 Relationship between the risk of involvement in a
road traffic crash and the driver’s blood alcohol concentration
(BAC). The dashed lines are hypothetical and represent the
change in relative risk depending on the driver’s tolerance to
alcohol.
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real-world drinking and driving conditions, but nevertheless
the results provide a useful starting point for field studies (Drew
et al. 1959). The various performance tests differ widely in
terms of their sensitivity to alcohol and the hundreds of such
published studies are poorly standardised, as was evident from
a comprehensive review of the literature (Moskowitz and
Fiorentino 2000).
A common experimental protocol is to administer a battery
of sensory or psychomotor tests and a questionnaire about
mood and subjective response after volunteer subjects drink
known amounts of alcohol (Goldberg 1943). The various tests
are made before ingestion of alcohol to obtain baseline scores
and then again at various times after drinking known amounts
of alcohol (Jones and Neri 1994). The results of impairment
tests, such as standing steadiness, body sway, hand steadiness,
reaction time, etc. are plotted as a function of time after drinking or in relation to BAC when the performance test is done.
Such experiments are often evaluated as percentage deviation
from baseline scores and both positive and negative deviations
are possible, with the latter indicating an improvement in the
test performance. The same battery of tests should be administered after test subjects receive a placebo drink instead of
alcohol and the results from this ‘dry run’ are useful to evaluate
the magnitude of any learning effects.
Vision and hearing are fairly resistant to the effects of alcohol
and are not seriously impaired until a fairly high BAC is reached
(>0.5 g/L). A person’s ability to process information deteriorates, especially when this is derived from different sources
simultaneously. Such divided attention tests are most sensitive
to the effects of alcohol. Some examples of cognitive and psychomotor tests used to investigate the effects of alcohol on
performance and behaviour are listed in Table 58.12.
Studies in which alcohol-induced impairment of body functions were measured without bothering to determine the time
course of BAC or BrAC are less useful and more difficult to
interpret. This is because of large interindividual variations in

Table 58.12 Examples of the types of cognitive and psychomotor tests used to investigate the impairment effects of alcohol on skills
necessary for safe driving.
Skills

Quantitative response factors

Perception and information
processing

Visual search, auditory signal detection, pattern recognition, identification of traffic hazards, critical
flicker fusion

Ocular functions (vision)

Glare recovery, contrast sensitivity, visual acuity, depth perception, gaze nystagmus, positional
nystagmus, roving ocular movements

Psychomotor functioning

Reaction time (simple and complex), finger tapping, body sway and balance disturbances, hand
tremor, tracking tests

Cognition

Vigilance, divided attention, response latency, grammatical reasoning, mathematical processing,
memory tests, digital symbol substitution tasks

Actual driving performance
and crash risk studies

Computer simulators, driving simulators, closed-track driving tasks, roadside surveys (case–control
studies), crash culpability

Post-alcohol hangover effects

Sleepiness, inability to concentrate, reduced working capacity
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Tests performed by or on
the drinking subjects

Alcohol influence (mean score)

12
0.75 g/kg N = 31
1.00 g/kg N = 30
1.25 g/kg N = 29

10

•
•
•
•
•
•

8
6
4

•

2
0
0.0

1.0

2.0

3.0

4.0

5.0
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Time after start of drinking (h)
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•
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Pulse frequency
Colour of face
Walking (open eyes)
Walking (closed eyes)
Gait in turning
Standing steadiness
(open eyes)
Standing steadiness
(closed eyes)
Finger–finger test
Match test
Speech and behaviour
Backwards counting

Figure 58.5 The symptoms of alcohol influence plotted as a function of time after healthy volunteers drank three doses of alcohol
(0.75, 1.0 and 1.25 g/kg) after an overnight fast.

100

Fatalities with BAC above legal limit (%)

2.5

the pharmacokinetics of ethanol, even when the same dose is
consumed and adjustments are made for body weight and
gender. Moreover, when the results of impairment tests are
evaluated it is important to distinguish the ascending and
descending limbs of the BAC curve (see Section 58.6). This
necessitates repetitive sampling of the blood or breath shortly
after the end of drinking when the concentration is rising.
Examples of the time course of the effects of alcohol on
cognitive and psychomotor functions are shown in Fig. 58.5 for
up to 5 hours post-drinking (Alha 1951). These experiments
were made with healthy men, who consumed three different
doses of alcohol on an empty stomach. The drink was finished
in 5 minutes and the types of tests performed are listed on the
right side of the graph. The results were combined into a total
‘alcohol influence’ score and then plotted as a function of time
after the end of drinking. The results demonstrate more impairment with increasing dose of alcohol and a longer duration of
the impairment effects.

58.5.3 Driver fatalities

In this connection, caution is needed when low BACs
(0.1 g/L) are reported based on the analysis of postmortem
blood samples, because in traumatic deaths there is a risk that
alcohol is synthesised in the body after death by the action of
bacteria on blood glucose. A statistical sampling problem is that
not all drivers killed in traffic crashes are subjected to autopsy
and toxicological analysis of alcohol and other drugs is therefore lacking. A lot depends on time of survival after the crash
and other matters and in a recent study from Norway, information about alcohol and/or drug use was only available in 59%
of all the fatally injured drivers (Gjerde et al. 2011). The results
shown in Fig. 58.6 show the percentages of drivers over the legal
limit in Sweden and their mean BACs at autopsy. The results
are deemed reliable because in 95–97% of all fatalities a forensic
autopsy with complete toxicological analysis of blood and urine
specimens was included (Jones et al. 2009).

Statistical surveys of drivers killed on the roads verify that
20–50% had consumed alcohol before the crash and their BAC
at autopsy was above the legal limit for driving. The percentages
of alcohol-related crashes are higher for single vehicle crashes,
which strongly implicates the role of alcohol and culpability on
the part of the driver. International comparisons of such crash
statistics are complicated because they are usually compiled and
published in different ways. Moreover, there is a four-fold difference in the punishable BAC limits (0.2–0.8 g/L), which
means that statistics about proportion of drivers above the limit
in fatal crashes need to be carefully interpreted (Lerner 2012).
In Sweden a fatally injured driver with a BAC above 0.2 g/L
would be classified as being above the limit, but not so in many
other countries.

Mean ± SE blood alcohol
concentration (g/L)
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80
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Figure 58.6 Percentages of driver fatalities over the legal limit
for driving in relation to mean blood alcohol concentration (BAC)
in Sweden (2001–2007).
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The development of tolerance to the effect of drugs is an
important concept in pharmacology and is often depicted as a
shift in the sigmoid dose–response curve to the right, indicating
that higher doses are necessary to achieve the same response. It
is common knowledge that people differ in their innate ability
to consume alcohol, which is interpreted to mean some need
more alcohol than others to achieve the same effect, signifying
the development of tolerance.
Essentially three types of alcohol tolerance are well recognised: (i) dispositional or metabolic tolerance; (ii) acute functional tolerance, which develops during a single exposure to
alcohol; and (iii) chronic (cellular) tolerance, which develops
after a period of continuous heavy drinking lasting weeks or
months (Kalant 1998).
Dispositional tolerance is related to changes in the absorption, distribution or elimination processes of alcohol after a
period of heavy drinking, and metabolic tolerance implies a
faster elimination rates from blood in habituated individuals.
This accelerated rate of metabolism depends on a process known
as enzyme induction, whereby the liver enzyme (CYP2E1)
increases in activity after chronic exposure to ethanol. This phenomenon was observed in alcoholics during detoxification and
the blood alcohol elimination rate was 0.22 g/L per hour compared with 0.15 g/L per hour in moderate drinkers (Jones 2010).
The development of acute tolerance occurs during a single
exposure to ethanol and is well documented since it was first
reported by the British pharmacologist, Sir Edward Mellanby,
based on experiments in dogs (Mellanby 1920). Acute tolerance
is a robust observation and has been verified by many investigators using various experimental designs and different doses of
alcohol (Ginsburg et al. 2008). These studies show that subjective feelings of intoxication are more pronounced on the
ascending limb of the BAC curve compared with the descending limb after the peak concentration in blood is reached
(Martin and Moss 1993). Furthermore, the impairment of cognitive and psychomotor functions are more pronounced on the
ascending limb of the BAC curve (Schweizer et al. 2006).
Figure 58.7 shows the relationship between BAC and clinical
symptoms of alcohol influence in healthy men who consumed

1

0.0

0
0

58.6 Alcohol tolerance

4

N = 31 subjects

50

100
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200

250

Clinical symptoms of alcohol influence

1.5

BAC (g/L)

Figure 58.6 shows annual changes in the percentages of
fatally injured drivers (black bars) with a BAC above the legal
limit for driving in Sweden (0.2 g/L). Also plotted on the graph
is the average BAC, which is almost eight times (1.6 g/L) above
the legal limit and indicates that considerable amounts of
alcohol had been consumed by the average driver involved in
these fatal crashes (Jones et al. 2009). The study showed that
about 22% of fatally injured drivers were above the legal limit
according to autopsy BAC and this result was remarkably consistent during a period of 8 years. Recent work shows that over
the past decade young women are at an increased risk of
involvement in alcohol-related crashes (Voas et al. 2012).

300

Time after start of drinking (min)
Figure 58.7 Temporal variations in the symptoms of alcohol
influence and the time course of blood alcohol concentration
(BAC) after healthy volunteers drank ethanol (0.75 g/kg) as a
bolus dose on an empty stomach.

0.75 g ethanol per kilogram body weight in 5 minutes on an
empty stomach. The same battery of tests described in Fig. 58.5
was administered before drinking and then at various times
after drinking on the rising and declining portions of the BAC
curve (Alha 1951). By 125 minutes post-dosing, the clinical
symptoms had more or less disappeared and were not any different from the pre-drinking scores, despite the fact that the
BAC was above the legal limit for driving.
These experiments suggest that the risk of involvement in a
traffic crash is greater if people drive shortly after they have
finished drinking when the BAC curve is still rising (Ginsburg
et al. 2008). On reaching the declining limb, the brain has had
time to adapt to the acute intoxicating effects of this depressant
drug even though BAC remained above the legal limit. Among
the after effects of alcohol consumption (hangover), fatigue and
anxiety might make drivers a bigger a risk for traffic safety than
the acute effects of alcohol.
Chronic tolerance to the effects of alcohol develop more
gradually and are reflected in a decrease in intoxication (impairment) at high BACs reached during multiple exposures to the
drug over weeks or months. Both acute and chronic tolerance
coexist, which probably explains why many drunken drivers do
not show especially marked signs and symptoms of drunkenness in clinical tests, despite having an appreciable BAC. Apart
from the smell of alcohol on the breath, even trained physicians
have difficulty in documenting the degree of alcohol influence,
as evidenced by clinical tests made with drunken drivers (Jones
2011a).
Shown in Table 58.13 are the results of clinical tests of
alcohol influence reported by a physician, who was called to
examine 244 individuals apprehended by the police for
drunken driving. The examination followed a standard protocol and consisted of questions about recent use of alcohol and
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Table 58.13 Relationship between the results of a clinical examination of apprehended drivers by a physician and the degree of alcohol
influence, if any. Note that the same physician examined each suspected driver without knowing the individual’s blood
alcohol concentration (BAC).
BAC
(g/L)

Judgment of alcohol influence
None

Slight

Moderate

High

Total (%)

0.0–0.49

3

26

0

0

29 (12)

0.5–0.99

2

37

0

0

39 (16)

1.0–1.49

2

41

10

1

54 (22)

1.5–1.99

1

24

17

5

47 (19)

2.0–2.49

0

20

22

5

47 (19)

2.5–2.99

0

7

11

7

25 (10)

3.0–3.49

0

1

1

1

3 (1)

Total

8 (3)

156 (64)

other drugs. Observations were made about the person’s
general appearance, pulse rate, orientation in time and space,
ataxia (Romberg’s test), speech, finger and hand movements,
and reactions of pupils to light, as well as some simple psychomotor tests (Penttila and Tenhu 1976). After these tests
were made, the physician concluded whether the individual
showed none, slight, moderate or a high degree of being under
the influence of alcohol. Thereafter, a blood sample was taken
and the BAC determined although the result was not made
known to the physician at the time. The results of clinical tests
for drunkenness showed a wide variation within the same BAC
interval, and the correlation would probably have been worse
if different physicians had examined the 244 suspects. Other
reasons for the poor correlation between BAC and signs and
symptoms of drunkenness are the development of acute and
chronic tolerance to alcohol and the ability of some people to
pull themselves together in critical situations (Cherpitel et al.
2005).

58.7 Conclusions
Because alcohol is a legal drug and because after visiting a bar
or restaurant where alcoholic beverages are served people need
transportation home, drunken driving will always be a potential problem for society. The typical drunken driver in Sweden,
as well as in other nations, is a male (85–90%) with an average
age of 35–40 years and a mean BAC of 1.5–1.7 g/L. Many of
these traffic offenders lack a valid driving permit when apprehended, probably because of a previous conviction for drunken
driving that led to revocation of the driving licence (McCartt
and Shabanova 2002). The hard-core repeat offender with a
high BAC might benefit more from treatment and rehabi
litation for their alcohol use disorder than from conventional

61 (25)

19 (8)

244 (100)

punishments for this crime, such as monetary fines or imprisonment (DeYoung, 1997).
A major challenge for government authorities and transportation safety organisations is to deter people from drunken
driving. This might entail lowering legal BAC or BrAC statutory
limits or by the use of stricter sanctions for those convicted.
Campaigns should focus on high risk groups, especially young
males and middle-aged females, who are seemingly overrepresented based on studies of Swedish drunken drivers.
Organisations that emerged in the USA in the 1980s, such as
Mothers Against Drunk Driving (MADD) or Remove Intoxicated Drivers (RID), have done much to draw political and
media attention to the hazards of drunken driving by highlighting people killed by a drunken driver (Fell and Voas 2006).
A promising and recent enforcement strategy is the mandatory fitting of ignition interlock devices to vehicles owned by
first-time offenders before they are re-licensed (Elder et al.
2011). Interlocks have led to lower rates of recidivism, at least
during the time such devices remain activated (Roth et al.
2007). To start the vehicle, a driver has to pass a breath alcohol
test, which is set at a relatively low critical threshold, such as
0.2 g/L in blood (0.1 mg/L in breath). Use of other in-vehicle
technology might be developed in the future that can help to
prevent an alcohol- or drug-impaired person from starting the
vehicle.
Lowering the statutory blood alcohol limit from 0.8 to
0.5 g/L or even 0.2 g/L is not likely to deter hard-core offenders,
because recidivism rates are high in these traffic delinquents
(Schell et al. 2006; Williams et al. 2007). However, enforcement
of lower alcohol limits for newly qualified drivers shows promise
in reducing crashes in these individuals (Blackman et al. 2001).
In the USA, the legal drinking age is 21 years although a driving
permit can be obtained aged 17 years, and this has motivated
the enactment of lower per se blood or breath alcohol limits
for novice drivers (0.2 g/L). Other traffic safety innovations for
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newly qualified drivers include graduated licensing, with
phased-in privileges, such as carrying passengers in the vehicle,
night-time curfews and restrictions on driving on certain roads
or highways (McKnight and Peck 2003). All these measures
have proven effective in reducing fatalities in the youngest age
groups of drivers.
Random breath alcohol testing of drivers has been practiced
in some states of Australia and also in the Nordic countries for
many years (Homel 1983). Random breath testing means that a
police officer in uniform has the power to stop any moving
vehicle and check for alcohol use by the driver. Such testing is
usually done with the driver sitting behind the wheel and the
amount of inconvenience for sober drivers, who are also required
to submit to a random breath alcohol test, is a small price to pay
for improving traffic safety by removing drunken drivers from
the roads. Indeed, large-scale use of random roadside breath
alcohol testing makes this enforcement strategy more visible,
which should help to increase deterrence (Peek-Asa 1999). In
some nations, the use of targeted sobriety checkpoints on specific weekdays and times of day, such as weekend nights, when
impaired drivers are more prominent on the highways, has
proven effective in reducing road traffic deaths (Fell et al. 2004).
For many hard-core offenders, especially heavy drinkers and
alcoholics, the enforcement of statutory BAC or BrAC limits
has not deterred them from driving (Cavaiola et al. 2007). This
follows, at least in part, from the pharmacological effects of
ethanol, which makes people more relaxed and self-confident,
and more impulsive and likely to take risks, such as driving after
drinking alcohol, speeding or overtaking in dangerous situations. All these various factors increase the risk of involvement
in a road traffic crash.
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Effects of Illegal Drugs
on Fitness to Drive

Frank Musshoff

59.1 Introduction
Driving in road traffic is subject to numerous legal regulations.
Thus, a driving licence can only be obtained by a person with
a physical and mental state that conforms to legal requirements
and who has not previously violated either seriously or repeatedly traffic rules or legislation. Driving capability describes that
part of driving comprising training, exercise and experience in
the sense of ‘skilfulness’ necessary for driving a vehicle safely.
The term fitness to drive refers to a person’s condition to drive
a vehicle in a certain situation at a particular time. This fitness
can change quickly due to external factors and impairment of
the driver (caused by alcohol, drugs, pharmaceuticals, tiredness,
etc.). Driving ability means the permanent ability to drive a
vehicle based on a driver’s personality character traits.
Drinking alcohol or the intake of drugs and/or pharmaceuticals might cause reversible unfitness to drive if the driver’s
abilities are reduced due to mental and physical deterioration
of actual performance. Due to this deterioration of performance the driver is actually unable to drive longer distances or to
react appropriately in case of sudden traffic problems. Central
nervous system depressants alone and combined with other
factors (e.g. tiredness, intake of pharmaceuticals) may be of
significance in this context.
A person endangering traffic safety due to physical, mental
or personality problems is unable to drive vehicles. Persons with
pre-existing diseases as well as persons consuming cannabis or
other illegal drugs on a regular basis are unqualified for driving.

Handbook of Forensic Medicine, First Edition. Edited by Burkhard Madea.
© 2014 John Wiley & Sons, Ltd. Published 2014 by John Wiley & Sons, Ltd.

Persons addicted to prescription medications or consuming
certain substances abusively or regularly are not qualified for
driving vehicles, too, since their mental and physical performance is low and their decision-making ability can be impaired
suddenly and unexpectedly by the drugs taken. Centrally acting
substances influence inhibition control as well as intellectual
and motor skills and are thus similar to alcohol regarding their
individual effects.
There are a number of different legal approaches. An
approach focused on impairment can show if the driver has
clear symptoms of impairment, whether this is in personal
behaviour or driving style, leading to prosecution. In some
countries there are so-called ‘per se limits’ for illicit drugs
and if drugs are found in a driver’s body fluid (blood, and in
some countries oral fluid) above a defined cut-off concentration, he or she will be prosecuted. In a few countries (e.g. in
Germany) there is a two-tier system, which allows combining
the advantages of two legal regulations – for example combining a lighter sanction when drugs are present above the ‘per se
limits’ and more severe sanctions when the driver was actually
impaired.
Civil and insurance legislation might be affected as well:
• There may be joint liability of the insured person when an
accident is caused by alcohol consumption or use of other
intoxicating substances.
• Insurances can subrogate against the insured individual if
an accident is alcohol- or drug-related.
• Comprehensive coverage insurances can refuse payment if
an accident is related to alcohol or drugs.
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59.2 Problems regarding
epidemiological data
There are several procedures to reveal epidemiological data on
the problem of driving under the influence of drugs (DUID).
According to a summary of roadside test results comprising 69
epidemiological studies about alcohol and drug use in road
traffic, the mean percentage of drivers who tested positive for
alcohol, illicit drugs and medicines in injured or deceased
drivers compared with random sampling of drivers was 7, 15
and 2.5 times higher, respectively (Krüger et al. 1995).
Another way to determine the prevalence of drug use in the
general population would be roadside surveys where drivers are
stopped randomly on the road and then tested for drugs and
alcohol. Another method of getting data is to test drivers who
are suspected of driving under the influence of substances (for
summaries see Maes et al. 1999; Raes et al. 2008). Analysing
such groups, a higher prevalence of licit and illicit drugs can be
found, but detection of this group depends considerably on the
perception of police officers.
There are remarkable differences between countries, possibly because of varying national road traffic legislation and different amounts of attention paid to the problem. Maes et al.
(1999) pointed out that there are also different methods of data
collection and analysis, especially regarding individual attitudes
towards consumption behavior. Additionally, epidemiological
studies only demonstrate the frequency of specific substances
in road traffic but do not explore the real impact of drugs on
accidents.
Studies about responsibility analysis might give answers.
In the Roadside Testing Assessment (ROSITA) project, Maes
et al. (1999) reported a study by Drummer (1994) who investigated the data of 1045 killed drivers. Responsibility was
defined by eight factors (responsibility index without knowing
the result of drug analysis) and revealed three groups of drivers:
culpable drivers, contributory drivers and inculpable drivers.
The culpability ratio was calculated and drivers who were positive for substances showed a higher culpability ratio. Drivers
with high drug concentrations were either culpable or contributory to the accident. Persons driving under the influence
of more than one substance were found to be culpable of the
accident in each case. The earlier study also included cases of
driving with only Δ-9-tetrahydrocannabinol-9-carboxylic acid
(THC-COOH) in drivers’ blood samples, but when only THCpositive drivers were included risk increased (Drummer et al.
2004).
Terhune et al. (1992) examined the data of 1882 fatally
injured drivers in the United States. They found that the culpability ratio increased significantly when only alcohol or alcohol–
drug combinations were consumed. The responsibility rate for
drivers with THC found in blood decreased compared with a
drug-free control group. In contrast, the responsibility rate for
amphetamine-positive drivers was higher than for the drug-free
group. Crash responsibility rates increased significantly com-
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pared with the way the number of non-alcohol drugs in a
driver’s blood increased. Drummer (1994) found higher culpability ratios in drivers positive for benzodiazepines, whereas
Terhune et al. (1992) found no difference. However, both
studies showed statistically significant higher culpability when
benzodiazepines and alcohol were combined. Longo et al.
(2000) reported that drivers who tested positive for alcohol
only, positive for benzodiazepines only, and positive for a combination of alcohol and THC and for alcohol combined with
benzodiazepines were significantly more likely to be responsible
for a car crash than those of a drug-free group. For THC only
(with increasing concentration), the authors reported no
increasing risk in contrast to alcohol where a highly increasing
risk was reconfirmed. This study again demonstrated that a
combination of substances increases the accident risk. In
general, responsibility analysis suggests little relation between
drug use and crash risk but sample sizes have been small. Obviously, there is some potential for increased crash risk when
specific drugs are combined with alcohol.
For medicines, pharmaco-epidemiological studies give very
useful information and show an increasing risk for accident
involvement in cases of DUID. Elderly drivers in particular have
a relative risk of injuring crash involvement if they are under
medication (benzodiazepines, antidepressants and others)
which is markedly dose-dependent (Maes et al. 1999).
Raes et al. (2008) summarised actual epidemiological data
and classified them into the following groups:
1. Roadside surveys.
2. Subsets of drivers:
a. drivers injured in traffic accidents
b. drivers killed in traffic accidents
c. drivers involved in traffic accidents
d. drivers suspected of driving under the influence of
drugs
e. drivers suspected of driving under the influence of
alcohol.
3. Surveys on driving under the influence of drugs.
Epidemiological research is limited because there may be
risk factors associated with drug use that have not been indicated in previous studies. Furthermore, it is not possible to
distinguish between ‘real’ risk factors and other factors that
might be highly correlated with an actual risk factor (Berghaus
2007). Epidemiological studies are also difficult to compare
because they show several types of differences:
• Different sample populations (age, gender, etc.).
• Different times at which studies are performed, such as year
and day of the week (e.g. studies conducted on weekend
nights with higher percentages of drug-positive drivers).
• Biological samples are analysed for different types of psychoactive substances (prevalence results can depend on the
numbers and types of analysed substances).
• Different types of biological samples are used with varying
detection times (e.g. cannabis can be detected in urine for a
relatively long period and its presence in urine does not
necessarily prove an actual effect).
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Table 59.1 Advantages and disadvantages of the different matrices for roadside drug testing. Summarised from Walsh et al. (2004).
Matrix

Advantages

Disadvantages

Urine

Availability of several reliable on-site tests
High concentrations of drugs/metabolites
present
Robust and well-known technology

Delayed appearance of drugs in urine
No correlation with impairment
Sampling difficult at the roadside
Risk of sampling adulteration

Oral fluid (saliva)

Presence of parent drug
Sampling can be performed without
embarrassment
Some correlation with impairment

No reliable on-site test presently available
Little and very viscous oral fluid after recent intake of drug
Very low concentrations of THC and benzodiazepines
Still much research necessary

Sweat

Presence of parent drug
Sampling can be performed without
embarrassment

No reliable on-site test presently available
No standardisation of sampling
Delayed appearance of drugs in sweat
Very low concentrations of THC and benzodiazepines
Possibility of environmental contamination
Still much research necessary

THC, tetrahydrocannabinol.

• Different analytical techniques are used to analyse samples
with different limits of detection and quantification.
• Different cut-off levels are used in analyses.
These factors can all influence the outcome of epidemiological
studies and make it almost impossible to compare different
results. Thus, there is obviously a need for methodological
guidelines. Recently, a consensus report was published defining
a number of guidelines, standards, core data variables and other
controls that could be the basis for future research (Walsh et al.
2008).

59.2.1 Scenario
Road users might be conspicuous for several reasons such as
technical defects of the vehicle, driving mistakes or untypical
behaviour while driving. They might also show physical and/or
mental conspicuousness at traffic controls.
Gathering evidence includes the detection of any conspicuous behaviour of a road user or observation of problems with
driving the vehicle as well as obtaining personal details at the
police station. Data are based on gathering evidence, comprising the decision to check a road user, documentation of all
observations regarding a possible intoxication and retrieving
samples by initiating adequate examinations. These records
and samples are used at court to build up a precise picture of
the mental and physical state of the road user at the time of a
traffic control. A decision at court (possibly supported by an
expert opinion) should allow for any reasonable doubt regarding the road user’s mental and physical state. In ideal cases
there are usually three independent indicators used as a basis
for a court decision to be made: road performance of the driver
described by witnesses, observations made by the police and
examination details given by the physician taking the blood
sample.

Like breath alcohol tests, on-site drug tests (on urine or
saliva) are increasingly used by the police to obtain sufficient
evidence for justifying blood testing. As for on-site breath
alcohol tests, on-site drug tests are only pre-tests, based on
immunochemical methods that still have substantial disadvantages (Table 59.1). It is therefore recommended that three
phases should be observed and to record any abnormalities seen
(Box 59.1).

59.3 Effects of drugs on driving
The following sections give an overview of drug effects on
driving based on various sources: ADF (2009), Austrian Road
Safety Board (2003), Couper et al. (2004), Madea et al. (2012),
Maes et al. (1999), Musshoff (2011), Pennings et al. (2002), Raes
et al. (2008) and Verster et al. (2009). Further references are
recommended for further reading: Jones (2007), Jones et al.
(2008), Logan (1996, 2005), Madea et al. (2011, 2012), Musshoff (2011).

59.3.1 Cannabis
Cannabis represents the preparation of the Cannabis sativa
plant. Used products are marihuana (dried parts of the plant),
hashish (resin of the female flowering tops) and hashish oil
(extract from the resin). Further data are summarised in
Chapter 51.
In general, cannabis consumption leads to a disturbance of
sense of time, of optical and acoustic perception as well as to
alterations of the ability to react and concentration. Although
several studies have been carried out there is no consensus
regarding the significance of the adverse effects on safe driving
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Box 59.1 On-site drug testing.
First phase: vehicle in traffic/traffic accident
• Weaving from side to side, orientation towards the midline of
the street and taking the midline between the wheels
• Inadequate steering, skidding and inadequate speed
• Violation of right of way, endangering other road users
• Near-miss events with items on or beside the road
• Driving on closed roads
• Driving without lights and incorrect use of direction
indicators
• Driving too close behind the car ahead, driving into oncoming
traffic or crossing traffic
• Sudden turning off or turning off in violation of traffic regulations, large movements or touching the kerbstone when
turning off to the right
• Stopping without obvious reason or at an inadaequate site
• Slow reaction at traffic lights and sudden acceleration or
braking without obvious reason
• Conspicuous operation of the vehicle or conspicuous state of
the vehicle
• Conspicuous behaviour of the passengers
• Accidents: veering off the road; collisions at the kerbside or
collisions with oncoming or crossing vehicles; rear-end collisions; accidents due to inadequate speed; collisions in connection with parking a vehicle
Second phase: contact with the driver
• Reaction to signals to stop given by police (optical,
acoustical)
• Reaction, behaviour and external or physical perculiarities of
the driver or vehicle passengers (eyes/pupils, etc.)
• Manner of speeking, responsiveness and orientation
• Mood, behaviour and state of awareness
Third phase: detention and medical examination
including sampling
• How does the driver walk and turn?
• Is he or she able to stand on one leg (balance)?
• Finger-to-finger and finger-to-nose tests
• Nystagmus following turning, excursion and vertical nystagmus, and convergence
• Mood and behaviour
• Manner of articulation
• Alertness, comprehension and concentration
• Appearance and subjective perception
• Orientation, coordination, reaction and attentiveness
• Pupils and motor functions of the eyes

caused by cannabis abuse. Laboratory studies have mostly
shown considerable negative effects on individual parameters.
Studies using driving simulators and road tests regularly show
slight adverse effects but these effects could be compensated by
the test persons with some effort. Effects and side effects of
cannabis consumption that are relevant regarding traffic medicine are: sedation, intense tiredness, motor dysfunction, varying
driving speed, deviation from traffic lanes and subsequent
steering corrections, delayed reaction, failings of concentration
and attentiveness, perception of irrelevant stimuli (causing sub-
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sequent disregard of traffic lights, etc.) and inadequate reactions to perceptions at the border of the visual field (e.g.
pedestrians intending to cross the road, playing children). In
stressful situations and phases of increased information density,
in particular, elongated reaction times, accumulation of wrong
or inadequate reactions and disruptions of automatisms can be
observed. Laboratory and culpability analyses have demonstrated a dose-related risk between cannabis use and automobile crashes (Drummer et al. 2004; Ramaekers et al. 2004). Most
behavioural and physiological effects of THC return to baseline
levels within 3–6 hours after exposure to low and moderate
doses, but there are reports of performance impairment on
some complex tasks up to 24 hours after the last drug exposure
(Heishman et al. 1990; Chait and Perry 1994). Concomitant
cannabis and alcohol consumption lead to an increase in the
adverse effects of cannabis. Thus, disturbances of speech and
gait as well as retarded mental activity are more frequent following combined consumption of cannabis and alcohol than
in cases of mere cannabis intake.
Centrally depressant THC effects slow down the activity of
the brain and other areas of the central nervous system (CNS)
while minor hallucinogenic effects can distort a person’s
perception of the environment. The effects of cannabis can
be different for each person and are influenced by factors
such as:
• Dose (dependent on the THC content of the preparation).
• Ingestion route: when cannabis is smoked the effects are
experienced very quickly and may last up to 5–8 hours; after
oral consumption the onset of effects can be delayed by
about 60–90 minutes and can last up to 24 hours.
• Consumer’s psychological and physical attributes; general
factors such as mental or emotional state and physical health
can also influence the individual effects of a drug.
Therefore, it is difficult to predict exactly in what way and
for how long cannabis will affect a person’s ability to drive
safely. As a general guideline some of the effects of cannabis
that can affect a person’s driving ability include:
• Reduced coordination and slower reaction times.
• Decelerated information-processing ability, confusion and
impaired thinking.
• Changes in visual, auditory, time and space perception.
It is difficult to establish a relationship between a person’s
THC blood or plasma concentration and the effects impairing
performance. Concentrations of THC and its metabolites are
very dependent on the individual pattern of use as well as on
the dose. THC concentrations typically peak during smoking,
decline rapidly, and are often <5 ng/mL after 3 hours. Recently,
Ramaekers et al. (2006) defined performance impairment (in
terms of motor control, motor impulsivity and executive function) as a function of the THC concentration in serum. It was
concluded that 2 and 5 ng/mL are the lower and upper thresholds of a serum THC range for impairment. Binomial tests
showed an initial and significant shift toward impairment in
the critical tracking task for serum THC concentrations between
2 and 5 ng/mL. At concentrations between 5 and 10 ng/mL,
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approximately 75–90% of all observations were indicative of
significant impairment in every performance test. At THC concentrations above 30 ng/mL, 100% of observations in every
performance test indicated significant impairment. However, in
daily routine it is impossible to predict any effects based on
blood or plasma THC concentrations alone, and currently it is
also impossible to predict specific effects based on THC-COOH
concentrations alone. It is possible for a person to be affected
by cannabis use not only with high concentrations of THC
in his or her blood or plasma but also with concentrations
<1–2 ng/mL. The ‘hangover’ effects of cannabis, which can last
for several hours, can also impair fitness to drive.
In a recent review Ramaekers et al. (2004) concluded that a
person who has used cannabis may think that it is possible to
alter their driving to counteract any impairment to their driving
ability, but the effects of cannabis may mean that the driver has
a generally altered view and impression of reality. This also
means that actions and responses may be quite different to what
is actually required, and the person may be unaware of how
much their driving skills are affected after using cannabis. THC
has been shown to impair cognition, psychomotor function
and actual driving performance in a dose-related manner. Detrimental effects appear more prominent in highly automated
driving behaviour, as compared with more complex driving
tasks requiring conscious control.
Spice is a psychoactive herb and a chemical product which,
when consumed, mimics the effects of cannabis. In such
so-called ‘legal herbal drugs’ a large and complex variety of
synthetic cannabinoids – most often cannabicyclohexanol,
JWH-018, JWH-073 or HU-210 – are present. However, there
exist several hundreds of such synthetic cannabinoids potentially usable for spice products. Spice does not cause a positive
drug test for cannabis or other illegal drugs using immunological screening procedures or routine gas chromatography/mass
spectrometry (GC-MS) or liquid chromatography/mass spectrometry (LC-MS) screening with library search. A special multitarget screening is necessary if prompted by conspicuous
symptoms of the driver (Auwärter et al. 2009; Dresen et al.
2011).

59.3.2 Heroin and other opioids
Heroin and other opioids are central nervous depressant drugs.
They slow down the activity of the brain and other parts of the
CNS. Sedation induces sleepiness, apathy and indifference to
external stimuli and a decrease of reaction time. In combination with alcohol, sedation may be enhanced. Miosis has a
negative influence on adaption of the eyes to darkness (e.g.
entering a tunnel, driving at night). However, opiates/opioids
taken on a regular basis lead to development of tolerance quite
quickly and, thus, impairment of driving safety has to be differentiated more precisely.
1. Acute effects on non-opioid-tolerant persons: increase of
reaction time and effects on saccade eye movements. Test

persons show significantly decreased driving performance
in a driving simulator while assessing themselves as being
only slightly impaired.
2. Acute effects on opioid-tolerant persons: this group is the
most significant one in road traffic and comprises mainly
chronic heroin users who drive regularly while being intoxicated. Apart from miosis with reduced or lacking pupillary
reflex (disturbance of adaption to darkness, reduced ability
to see in twilight) there are other substantial impairments
such as drowsiness, tiredness or even obnubilation, slowdown, apathy and imbalance.
3. Chronic effects on opioid-tolerant persons: long-time users
of methadone and patients with chronic pain taking
opioids can conceivably be able and fit to drive.
4. Effects during opioid withdrawal: acute abstinence phenomenon symptoms (uneasiness, excitability, tiredness, blood
pressure crises, seizures, etc.) as well as an obsession with
provisioning of drugs represent an exceptional psychic
situation and, thus, safe driving is not possible during
opioid withdrawal.
In general the effects of opioids are influenced by a number
of factors such as:
• The type of the opioid and its strength.
• The dosage, because larger amounts can produce different
effects (e.g. heroin can vary in strength and purity, thus it
can be difficult to predict the extent to which a person’s
driving skills will be impaired after using it).
• The ingestion route (injected has greater effects than if it is
swallowed or smoked).
• The consumer’s psychological and physical attributes.
As a general guideline, some of the effects of heroin and
misuse of some opioids that may affect a person’s driving ability
include:
• A slow reaction time.
• It takes longer to respond to events or situations with the
possibility of choosing an inappropriate response.
• Reduced coordination.
• Reduced ability to think clearly.
• Changes to visual acuity such as blurred vision.
• Drowsiness or starting to ‘nod off ’.
• Miosis.
• Nausea and vomiting.
When the effects of heroin or opioid diminish some people
may experience withdrawal symptoms, such as cravings or
‘hanging out’, cramps and flu-like symptoms that may also
affect a person’s driving performance.
Another question is whether patients under opioid therapy
(e.g. palliative care patients) are fit and able to drive. A structured, evidence-based review by Fishbain et al. (2003) evaluated
48 studies to determine what kind of evidence exists for and
against opioid-related impairment of driving skills in opioiddependent/tolerant patients. Fishbain et al. concluded that the
majority of studies indicated that opioids apparently do not
impair driving-related skills in opioid-dependent patients and
that – under certain conditions – patients stabilised by long-
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term opioid therapy are able to drive. Thus, physicians should
not necessarily take the position that being on opioids precludes driving. It was recommended that patients on long-term
opioid treatment should be advised of the current status of this
research. It should be the patient’s decision whether he or she
does or does not drive but the following rules should be
respected:
1. After starting the opioid treatment or after an increase in
dosage, patients should not drive for at least 4–5 days.
2. They should not drive if they feel sedated.
3. They should report sedation, unsteadiness or cognitive
decline immediately to the physician so that a reduction in
dosage can be initiated.
4. Under no circumstances they should consume alcohol
or other illicit drugs such as cannabinoids and drive
afterwards.
5. They should avoid taking further medication, especially if
it causes sleepiness as, for example, antihistamines or fever
medicines prescribed by a doctor or bought over the
counter.
6. They should not change their way of taking the medication
without visiting the physician.
Raes et al. (2008) summarised that opioids cause cognitive
and psychomotor impairment highly dependent on the type of
opioid and the administered dose. Morphine tends to decelerate users’ responses although accuracy is not diminished. Fentanyl produces cognitive impairment in doses used in outpatient
surgical procedures but shows little impairment effects when
used for long-term pain management. Heroin users show clear
impairment of psychomotor and cognitive skills, some of which
can last for more than a year after the last drug use. Some of
the impairments are related to the severity of dependence and
duration of use. Acute effects of methadone can be avoided by
subdividing the daily dose. Methadone maintenance treatment
causes impairment, including additional impairment higher
than impairment associated with heroin dependence, although
the latter can be better explained by other associated risk factors
in some cases. Buprenorphine users do not generally show
impairment but frequently do at high doses. Patients on longterm opioid therapy may develop some impairment of psychomotor and cognitive performance. However, the effect of the
opioid drug itself concerning the impairment of patients under
opioid maintenance therapy is unclear. Other factors like diseases and pain seem to be of greater importance than direct
opioid effects.
Heroin addicts often consume other drugs at the same time.
These drugs are either CNS depressants (benzodiazepines, cannabinoids, methadone, codeine, dihyrocodeine, alcohol) or
stimulants (amphetamines, ecstasy, cocaine). Thus, synergetic
or antagonistic effects have to be taken into consideration.
Drugs taken between two heroin applications can impair
driving safety as well. A combination of heroin and cocaine
(‘speedball’) is especially dangerous since the stimulating effect
of cocaine decreases faster than the depressing effect of heroin,
which might lead to sudden clouding of consciousness.
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Shortly after heroin consumption and in cases of abstinence
phenomenon symptoms, driving might be slow and unsafe
(leaving the lane, rear-end collision, driving erratically). In
these phases heroin addicts are often tired and exhausted or
even apathetic. They are agitated, volatile and nervous and
their psychomotor abilities decelerate. Aggressive, uninhibited
driving including coercion, inadequate driving behaviour with
dangerous passing manoeuvres and disregard of the right of
way may occur after consumption of rather small doses of
heroin or following the decay of its hypnotic effect.
Further data are summarised in Chapter 51.

59.3.3 Cocaine
Cocaine can vary widely in purity and strength, which makes
it difficult to predict the extent to which a person’s driving
ability will be impaired after using cocaine. As a general guideline, some of the effects of cocaine that can affect a person’s
driving are:
• Impaired ability to react appropriately.
• Poor concentration and judgment.
• Overconfidence in their own driving skills, not necessarily
supported by actual improvement in driving ability.
• Feelings of increased confidence which may increase the
liklihood that the person will take unnecessary risks (reckless driving).
• Feelings of aggression which may lead to dangerous driving.
• Drowsiness as the cocaine wears off which may increase the
risk that the driver falls asleep suddenly.
The ‘come down’ effects (e.g. exhaustion, mood swings,
depression) after cocaine consumption may also impair a person’s driving ability. Further data are summarised in Chapter 51.
Cocaine is a stimulant drug and speeds up the activity of the
brain and other parts of the CNS. Therefore, the consumption
of cocaine initially leads to increased motor skills and concentration as well as a suppression of fatigue. Thus, acute impairment caused by cocaine can often not be derived from a person’s
manner of driving. Driving abnormalities can occur while
cocaine consumers are under the acute impact of the drug or
also while suffering from the ‘come down’ effects or from paranoid phases. While consumers themselves think that their
performance has improved, objective tests show that their performance has decreased accompanied by agitation, fidgetiness,
a lack of purposive attention, nervousness, irritability and
aggression, decreasing concentration and reduced attentiveness. In the euphoric phase, cocaine users drive uninhibited and
are willing to take risks. They speed, drive aggressively and
perform risky passing manoeuvres while overestimating their
own performance. Mydriasis might lead to a decrease in the
ability to see clearly, including a reduced depth of the visual
field and a feeling of being dazzled by daylight or by the headlights of oncoming vehicles (driving at night, in tunnels). Perception disorders, coordination deficits and a persecution
complex may develop during intoxication and have a negative
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impact on driving. Psychoses or conditions similar to psychosis
with hallucinations and especially with persecution mania
might occur and cause hit-and-run offences and car chases.
Driving abnormalities might also occur when the cocaine
effects wear off. Due to a state of exhaustion, cocaine users
become very tired, depressive, disorientated and confused in
this phase. Strong fatigue leads to changing driving speeds and
difficulties with staying in the lane.
In a recent study a collective of drivers with cocaine abuse
was divided into: (i) those with cocaine and benzoylecgonine
in their system with the assumption that the last drug abuse
was contemporary to blood sampling; and (ii) those with a sole
presence of benzoylecgonine in their blood, indicative of a
longer time period between drug intake and sampling (Musshoff and Madea 2010). Stimulating effects were predominantly
reported in cases positive for the parent drug, whereas sedating
effects were found more frequently in cases in which only benzoylecgonine was detected in blood. These findings indicate
that drivers with the parent drug cocaine found in their blood
samples are more likely to be influenced compared with those
who are in the post-acute phase. Otherwise lack of the parent
drug in benzylecgonine-positive cases could be seen as a control
of plausibility for a post-acute phase when sedating effects can
be expected due to exhaustion.

59.3.4 Amphetamine, methamphetamine
and ecstasy
Amphetamines are also central stimulants. ‘Ecstasy’ is the
term for a range of drugs that are structurally similar to 3,4methylenedioxy-methylamphetamine (MDMA) and shows
effects similar to amphetamines (stimulants) and hallucinogens. Amphetamines suppress feelings like tiredness and hunger
and increase mental alertness and physical energy. In addition,
they enhance the mood and increase self-confidence. MDMA
and analogues are stimulants (‘dance pills’) and entactogens
(leading to emotional disinhibition and increased social communication abilities). When the substances lose their effects
negative feelings kick in like fatigue, anxiety, emptiness and
depression. Later, ‘hangovers’ associated with headache, muscle
ache, exhaustion, apathy, sweating, nausea and further effects
(concentration difficulties, irritability, depression) are experienced and may impair a person’s driving ability. Further data
are summarised in Chapter 51.
As a general guideline, some of the effects of amphetamines
or ecstasy that can affect a person’s driving ability include:
• Overestimating physical performance, over-reaching selfesteem with accelerated thinking, misjudgment of situations, urge to act and over-confidence in one’s own driving
skills that is not necessarily supported by actual improvement of driving ability.
• Attention difficulties, tendency to fidget, decrease in concentration and attentiveness, flight of ideas and feelings of
disorientation.
• Lack of coordination, agitation, and nervousness.

• Irritability and aggression, aggressive and dangerous driving
and increased chance of taking unnecessary risks.

• Impaired ability to react appropriately and to safely control
a vehicle.

• Mydriasis leads to an increase in sensitivity to light.
• Drowsiness when the effects of the amphetamine wear off
and the driver possibly falls asleep (rebound fatigue).
It has been considered that the effects of amphetamines/
ecstasy are influenced by a range of factors, thus each person
can show different reactions. Issues to consider include:
• Quality and dose (there is no quality control in illegally
manufactured drugs so producers may substitute a wide
range of substances).
• Consumer’s psychological and physical attributes.
An acute impairment of a driver due to amphetamine consumption is – as in cases of cocaine intake – not necessarily
obvious. Under the acute influence of the drug an uninhibited
and risky manner of driving at high speed, for example, may
be observed. In this phase the driver overestimates his or her
physical performance. During the ‘come down’ phase, the physical state of exhaustion leads to strong fatigue that can occur
suddenly (Musshoff and Madea 2012). Additionally, a depressive mood, disorientation, confusion and a loss of reality up to
psychotic episodes can be observed. The severe fatigue in particular causes slow or changing driving speed as well as difficulties in keeping track and disorientation. A conspicuous manner
of driving can be caused – as in cases of cocaine use – either
due to high levels of amphetamine in the blood or by its
decreasing concentration. The effects of designer amphetamines or designer drugs on the manner of driving are similar
to those of amphetamine and can be accompanied by intense
hallucinations. Increased introspection can lead to a lack of
concentration. Tremor of the eyes and mydriasis cause a
decrease of motor function of the eyes or pupils and, thus,
visual perception might be reduced.
Additionally, accompanying circumstances of drug consumption have to be taken into consideration. Driving home at
night after visiting a disco and taking drugs is especially dangerous since alarm signals of the body and psyche (e.g. overfatigue)
are suppressed by the drug.
Linked to amphetamine, methamphetamine and methylendioxy amphetamines, a large number of other amphetaminelike substances have appeared on the black market during
recent years, especially cathinone and piperazine derivatives. As
in the case of spice, it has to be considered that such compounds
often do not result in positive drug tests using immunological
screening procedures or routine GC-MS or LC-MS screening
with library search. A special multitarget screening has to be
carried out initiated by conspicuous symptoms the driver
might show.

59.3.5 Hallucinogens
Hallucinogens like ketamine, lysergic acid diethylamide (LSD),
magic mushrooms (psilocybin), mescaline (peyote cactus) and
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phencyclidine (PCP) distort a person’s perception of reality.
The effects of hallucinogens vary greatly and a combination of
hallucinogenic drugs with other hallucinogens or other drugs
might have unpredictable effects on a person’s ability to drive
safely. Some of the effects of hallucinogenic drugs that can
affect a person’s driving skills include:
• Distorted perception of reality.
• Impaired thinking.
• Blurred vision.
• Reduced coordination.

59.3.6 Effects of mixing drugs on driving
Taking more than one drug at the same time or taking one drug
followed by another can have unpredictable results (ADF 2009).
This includes mixing illegal drugs and legal drugs such as
alcohol and medicines (prescribed and over-the-counter medications). If a person takes multiple drugs, each drug could alter
the effects of the others, often in an unpredictable way. The
effects of mixing drugs are influenced by a range of factors and
can be different in each individual. Issues to be considered
include:
• Type of drugs.
• Dose of each drug.
• Intake of drugs (taken at the same time, at different times
and in which order).
• Consumer’s psychological and physical attributes (person’s
mental or emotional state and physical health).
The risk of a crash while someone is under the influence of
two or more drugs (illicit, licit or pharmaceutical) may be even
higher than under the influence of one drug. Combining drugs
with similar effects such as alcohol and cannabis, alcohol and
benzodiazepines, or amphetamines and ecstasy can increase the
effects of each single drug. Depressant drugs like alcohol, cannabis, heroin or other opioids, and benzodiazepines slow down
brain activity and other parts of the CNS. Combining depressants can therefore multiply the single depressant effects
(slowing down) in an additive as well as in an exponential way.
Stimulant drugs like amphetamines, cocaine and ecstasy speed
up the activity of the brain and other parts of the CNS and a
combination of stimulants can multiply the different stimulant
effects. This leads to greater stress of the body system, particularly affecting the heart and other vital organs, and can impair
a person’s driving ability more than if only one drug was
consumed.
Combining drugs with different effects, like alcohol and
ecstasy or cocaine and benzodiazepines, seem to ‘cancel each
other out’. If a person has been drinking alcohol and using
amphetamines together, for example, he or she may not feel the
depressant effects of the alcohol as they may have been masked
by the stimulant effects of the amphetamines. The person may
feel fit to drive even when he or she might in fact be drunk.
Such combinations of substances also put a lot of stress on the
body since it tries to balance the different effects of the drugs
simultaneously exerting their effects.
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59.4 Forensic toxicological analyses
Only in ‘per se limit’ cases without any impairments can
restricted analysis considering the drugs of interest be accepted.
An advanced analysis should be performed in cases with symptoms of impairment of the driver as well as in all cases of road
traffic accidents. Drivers responsible for the crash as well as
pedestrians or other persons recognised as victims could be
affected. During the examination procedure, a number of drugrelated mistakes of victims could be interpreted as being jointly
responsible for an event. Following an accident with or without
injuries or fatalities, drug analysis should be performed, as is
routinely done in every case of suspected DUID, using routine
laboratory procedures. Analysis is complicated if injured or
deceased persons have to be tested for some specific substances
or if there are unusual circumstances that have to be considered
– like potential influences of emergency medical aid (medication, infusions, loss of blood), a longer time period between the
event and sampling of material for analyses (also between the
times of death and sampling) or no available sample material
(e.g. blood), which sometimes occurs even in fatalities.

59.4.1 Matrices
In principle, various matrices are useful for chemical toxicological analyses to investigate cases of drugged driving. Generally, urine is the sample of choice for screening and identification
of unknown drugs because concentrations of substances here
are relatively high compared with other matrices such as blood,
saliva or sweat. Saliva and sweat are potentially useful for on-site
drug testing procedures. In urine, the window of detection for
preceding consumption of drugs is markedly enhanced compared with blood. Additionally, the sometimes active or inactive
metabolites of drugs in urine samples can be identified. A positive result in a urine sample does not necessarily prove actual
impairment. The dose of a drug and impairments due to drug
consumption are usually most closely correlated with its concentration in blood. For this purpose, the relevant matrices that
should be analysed for quantification are whole blood or serum
or plasma. In these matrices the unchanged drug is detectable
in most cases and the sample material is relatively homogenous
because physiological parameters vary only within narrow
limits. In addition, blood or plasma samples are mandatory in
cases of DUID in a number of countries worldwide. Difficulties
arise when only aged or haemolysed or postmortem blood is
available.

59.4.2 Laboratory approaches to drug
testing in DUID cases
In cases of suspicion of driving while being impaired by drugs
and especially in traffic fatalities, samples should be subjected
to a broad screening for common drugs. These should include
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not only recreational drugs (per se limits) but also common
CNS-acting prescription and over-the-counter drugs (Farrell
et al. 2007).
Analysis often starts with an immunoassay screening procedure. These assays are often class-specific rather than drugspecific and their value is to rule out the presence of certain
drug classes in the form of presumptive tests without further
forensic relevance, especially not in the courts. Positive immunoassay results cannot be considered as proof of the presence
of a compound without complementary confirmatory analysis.
Furthermore, it has to be remembered that immunoassays will
not detect all types of drugs that are present. It may produce
different intensities of response to members of the same drug
class and may fail to identify important members of some drug
classes completely. Due to cross-reactivity and interference,
false-negative and false-positive immunoassay results can be
revealed, especially in biological samples of road casualties
(after medical treatment with various drugs and infusions or if
sample material available after a crash is poorly defined). In
cases of fatal traffic injuries, in particular, immunoassay tests
should be supplemented by chromatographic tests to include
as many of the relevant drugs as possible. Without this procedure there is a significant possibility that the drug or the metabolite that has caused the impairment is not being identified.

The ‘gold standard’ for confirmatory identification of drugs
in biological samples are gas chromatographic or liquid chromatographic procedures coupled with mass spectrometry
(GC-MS or LC-MS) (Moeller and Kraemer 2002; Maurer 2005,
2009; Kraemer and Paul 2007). Generally, a clean-up procedure
is applied to the samples to separate the drug(s) and metabolites from the sample matrix and to concentrate the analytes so
they can be detected and quantified more readily. Each laboratory is free to perform chemical toxicological analyses using
in-house procedures. However, analytical methods have to be
validated and linear ranges and limits of detection and quantification have to be established according to accepted guidelines
(Peters et al. 2007). Recently, the German-speaking Society of
Toxicological and Forensic Chemistry (Gesellschaft für Toxikologische und Forensische Chemie (GTFCh)) has published new
guidelines and recommendations for forensic toxicological
analyses covering some more detailed regulations, especially
concerning the method validation in forensic toxicological analytical techniques including procedures pre-testing with immunoassays (GTFCh 2009a).
Recommendations for appropriate cut-offs for screening
and confirmation in both blood and urine are provided for
some of the most important analytes in DUID investigations
(Table 59.2). As also described by Farrell et al. (2007), thresh-

Table 59.2 Recommended scope and analytical cut-offs of toxicological analysis in DUID investigations. Summarised from
Musshoff (2011).
Blood (ng/mL)

Target analyte

Screen

Urine (ng/mL)

Confirmation
(Farrell et al. 2007)

GTFCh
(2009b)

Screen

Confirmation
(Farrell et al. 2001)

1

–a

2

GTFCh
(2009b)

Cannabis
THC

–a

2

b

Carboxy-THC

10

5

10

20

11-OH-THC

–a

2

(1)

–a

2

5

10 total

CNS stimulants
Amphetamine

20

20

25

200

50

200

Methamphetamine

20

20

25

200

50

200

MDMA

20

20

25

200

50

200

MDA

20

20

25

200

50

200

MDEA

25

200

Cocaine

–

a

10

10

–

Benzoylecgonine

50

50

30

300

Cocaethylene

a

50

a

10

–

–c

10

–c

50 total

50

–

c

50 total

–

c

50 total

–

a

20

20

CNS depressants
Alprazolam
Chlordiazepoxide
Clonazepam

–

c

–

c

10

30
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Table 59.2 (Continued)
Blood (ng/mL)

Urine (ng/mL)

Screen

Confirmation
(Farrell et al. 2001)

10

–c

50 total

Diazepam

–

c

20

–

c

50 total

Nordiazepam

50

20

100

Target analyte

Screen

7-Aminoclonazepam

–c

Confirmation
(Farrell et al. 2007)

GTFCh
(2009b)

50 total

Lorazepam

–

c

10

–

Oxazepam

50

50

100

50 total

Temazepam

–c

50

–c

50 total

Trazodone

–d

25

–d

50

25

–

d

50

–

d

50

–

d

50

–

d

500

–

d

500

–

d

20

–

a

100

100

–

a

100

100

200

–

d

–

d

–

d

–

d

–

d

–

d

–

a

Phenobarbital

–

a

Secobarbital

100

Amitriptyline
Nortriptyline
Diphenhydramine
Carisoprodol
Meprobamate
Zolpidem
Butalbital

Phenytoin

–

d

Carbamazepin

–d

Topiramate
Gamma-hydroxybutyrate

25
25
500
500
20
100

c

GTFCh
(2009b)

50 total

100

500

–

d

5000

500

–d

5000

–d

1000

–d

1000

–d

5000

–d

10 000

Codeine

–e

10

–e

50

Hydrocodone

–e

10

–e

50

Hydromorphone

–e

10

–e

50

Methadone

50

Narcotic analgesics

Morphine

20 free

f

10

10

50

300

50

200

10

10

200

50 total

25 total

Oxycodone

–

e

10

–

Propoxyphene

50

50

300

d

Dextromethorphan
Phencyclidine

Tramadol

e

50
50

20

–

d

20

–d

20

–d

50

10

10

25

10

–

25 total

Dissociative drugs

Carboxy-THC, 11-nor-9-carboxy-delta-9-tetrahydrocannabinol; CNS, central nervous system; DUID, driving under the influence of drugs; GTFCh, Gesellschaft
für Toxikologische und Forensische Chemie; MDA, 3,4-methylenedioxy-amphetamine; MDEA, 3,4-methylenedioxy-ethylamphetamine; MDMA,
3,4-methylenedioxy-methylamphetamine; 11-OH-THC, 11-hydroxy-delta-9-tetrahydrocannabinol; THC, Δ-9-tetrahydrocannabinol.
a
Immunoassay screening not targeted to this analyte.
b
Combination of free and conjugated analyte.
c
Immunoassay screening targeted to nordiazepam, oxazepam or both; not an effective tool for screening all drugs in this class.
d
Not routinely screened for by immunoassay.
e
Immunoassay screening targeted to morphine; not an effective tool for screening all drugs in this class.
f
Free drug, not conjugated.
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olds were established to reflect the performance of commercial
screening technology and confirmatory techniques, both of
them routinely used in forensic toxicology laboratories. These
recommended cut-offs were based on analytical methodologies
rather than pharmacology or the probability of impairment. It
has to be realised that in numerous cases laboratories use an
immunoassay cut-off concentration that is lower than the manufacturer’s recommended cut-off, particularly when the assay
is marketed towards clinical testing (intoxication with high
drug concentrations). This is common practice as long as
laboratories validate properly their procedures and establish
in-house cut-off concentrations using an appropriate matrix.
Contrary to other groups, the GTFCh only recommended
values for confirmatory chromatographic procedures. If an
immunoassay is used as preliminary test, the laboratory has to
demonstrate the required sensitivity for the target substance.
The list of drugs in Table 59.2, proposed according to statistical
data from the USA, does not claim to be complete and does not
represent an exhaustive or even comprehensive list of analytes
or impairing substances.
There is a substantial regional variability in patterns of illicit
drug use and some drugs that are specific or non-specific to the
laboratory’s demographic area can be included or excluded. As
some drugs, for example γ-hydroxybutyrate (GHB), are analysed only in a few cases at the request of local authorities or
based on particularly strong suspicion, the real number of cases
of DUID may well be underestimated. Recent studies demonstrated that the combination of an amphetamine-based drug
together with GHB can be very popular (Dresen et al. 2007;
Verschraagen et al. 2007). Table 59.2 does not contain recommendations for hallucinogens and inhalants. However, hallucinogens such as LSD, peyote and psilocybin as well as commonly
abused inhalants such as butane, ether or other anaesthetics,
freon, nitrous oxide, toluene and xylene will significantly impair
the user’s ability to operate a motor vehicle safely. Currently,
there are limited techniques for routine screening of blood and
urine for these compounds and target analysis is usually only
performed if case information suggests a possible involvement
of such substances.

59.4.3 Laboratory approaches to drug
testing to check driving ability
In some countries, following the loss of the driving licence after
drug abuse, and during rehabilitation, it can be necessary to
prove abstinence. This would also be needed to check driving
ability in order to re-grant a licence. For such purposes, urine
or hair samples are analysed due to the longer window of detection for drugs and for the ethanol metabolite ethyl glucuronide.
The proposed cut-off values are very low (Table 59.3) and there
are special recommendations for sampling, laboratory testing
and documentation (Brenner-Hartmann et al. 2011; Schubert
and Mattern 2009.

Table 59.3 Target analytes and cut-off values for chemical
toxicological tests concerning driving ability in
Germany (Schubert and Mattern 2009; BrennerHartmann et al. 2011).
Target analyte

Urine (ng/mL)

Cannabinoids
THC-COOH
THC

10 (after hydrolysis)

Opiates
Morphine
6-Monoacetylmorphin

25 (after hydrolysis)

Cocaine
Benzoylecgonin
Cocain

30

Amphetamines
Amphetamine,
methamphetamine,
MDMA, MDEA, MDA
Methadon
EDDP
Methadon
Benzodiazepines
Diazepam
Nordiazepam
Oxazepam
Alprazolam
Hydroxy-alprazolam
Bromazepam
Flunitrazepam
7-Aminoflunitrazepam
Lorazepam
Ethyl glucuronide

Hair (ng/mg)

0.02
0.1
0.1

0.1
50

0.1

50
0.1
(50)
50
50
50
50

0.05
0.05
0.05
0.05
0.05
0.05

50
50

0.05

100

0.007

EDDP, 2-ethylidene-1,5-dimethyl-3,3-diphenylpyrrolidine; MDA,
3,4-methylenedioxyamphetamine; MDEA, 3,4-methylenedioxyethylamphetamine; MDMA, 3,4-methylenedioxy-methylamphetamine; THC,
Δ-9-tetrahydrocannabinol.
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60

Effects of Medicinal Drugs
on Fitness to Drive

Eef L. Theunissen, Kim P. C. Kuypers, Annemiek
Vermeeren, Eric F. Vuurman and Johannes G. Ramaekers

60.1 Introduction
Driving a car is a skill that incorporates many different functions such as cognitive processes, sensory perceptions and
motor skills. During the last couple of decades, driving has
almost become indispensable as a means of transportation and
roads have become increasingly crowded with cars and other
road users. So, when someone’s driving skills are impaired, this
does not only affect the driver’s safety, but also endangers the
safety of others more than ever before.
Legal and illicit drug use is widespread in today’s society.
Concerning alcohol, public awareness has increased massively
over the last decades, and drunk driving has become socially
unacceptable. Legislation on drink-driving is in place in almost
every country in the world. Most people are also aware of the
fact that recreational drugs, such as cannabis, adversely affect
driving ability. Although the use of psychoactive prescription
drugs by the driving population has increased over the last
couple of decades, the awareness with the public that these
drugs may also impair driving performance is limited.
Evidence that drugs impair driving ability comes from
epidemiological as well as experimental studies. Epidemiological studies demonstrated that after alcohol (30.6%), cannabis
(26.9%) is the most prevalent recreational drug detected in
drivers injured in traffic accidents (EMCDDA 2008). Benzodiazepines are the most frequently detected medicinal drugs in
injured drivers (11.1%) (EMCDDA 2008).
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Experimental studies have used a large variety of measures
to demonstrate the effects of psychoactive drugs on drivingrelated performance, including measures of attention, psychomotor performance and other cognitive functions. Measuring
different aspects of driving has also been done by actual driving
on closed circuits or driving tests done in simulators. This
diversity in methods makes it difficult to objectively compare
the impairing potential of different drugs on driving. An actual,
on-the-road driving test, however, has been used to study the
effect of many different psychoactive drugs on the market; this
method has proven to be reliable and has been consistently used
for more than 25 years. Therefore, this chapter will concentrate
on the effect of psychoactive prescription drugs on driving
performance using the on-the-road driving test.
Over the years, many studies have confirmed that the onthe-road driving test is highly sensitive to impairment caused
by psychoactive drugs. This test was developed in the 1980s
in the Netherlands and has since been used to test the effects
of several psychoactive substances on driving performance
(O’Hanlon et al. 1982). During the highway driving test, the
subject’s task is to operate a specially instrumented vehicle
over a distance of 100 km (61 miles) on a primary highway
amongst regular traffic. A licensed driving instructor, who can
intervene if necessary by using duplicate controls, accompanies
the subject during the test. The subject is instructed to attempt
to maintain a constant speed of 95 km (58 miles) per hour and
a steady lateral position between the delineated boundaries of
the right (slower) traffic lane. The subject is allowed to deviate
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from this procedure in order to pass slower vehicles. Halfway
through the circuit, the subject drives off the highway and
re-enters, travelling in the opposite direction. The vehicle’s
speed and lateral position relative to the left lane delineation
are continuously recorded using an electro-optical or video
camera device mounted at the rear of the car. The offline editing
routine involves removal of all data segments that revealed
signal loss, disturbance or overtaking manoeuvres. The remaining data are used to calculate means and standard deviations
for lateral position (SDLPs) and speed. The primary outcome
measure is the SDLP, which measures the continuous road
tracking error. The SDLP is a very reliable characteristic of
individual driving performance: the test–retest reliability coefficient for untreated young and middle-aged drivers is r = 0.85.
It has also proven sensitive to the effects of many sedating
agents, including blood alcohol concentrations (BACs) as low
as 0.35 g/L (Ramaekers et al. 1992b, Vuurman et al. 1996). In
one of the first studies, the on-the-road driving test was used
to determine the effects of different doses of alcohol (Louwerens et al. 1987). This calibration study showed that compared
to placebo, a BAC of 0.5, 0.8 and 1.0 g/L caused an increase in
SDLP of 2.4, 4.1 and 5.3 cm, respectively. The outcomes of this
alcohol study are used as a comparison to demonstrate the
magnitude of the impairment of other drugs. In most European
countries, a BAC of 0.5 g/L is the alcohol level at which a person
is considered to be legally impaired.

60.2 Medicinal drugs that
impair driving
This chapter will give an overview of medicinal drugs that could
impair driving performance as tested with the on-the-road
driving test. Unless mentioned otherwise, all studies were performed in healthy volunteers, males and females, using therapeutic doses of the drugs under investigation. When significant
impairment was demonstrated, the BAC level equivalent to the
increase in SDLP will be mentioned.

60.2.1 Hypnotics
Hypnotics are meant to induce sleep in patients who suffer
from insomnia. However, hypnotic drugs often cause residual
sedation the morning after evening- or middle-of-the-night
(MOTN) administration which may lead to impaired driving
performance. Most hypnotics act as gamma-aminobutyric acid
(GABA) agonists, such as benzodiazepines, zaleplon, zolpidem,
zopiclone, eszopiclone and gaboxadol, but recently hypnotic
drugs affecting other neurotransmitter systems like melatonin,
serotonin and histamine are available or in development (e.g.
ramelteon, esmirtazpine).
In the studies described below, hypnotics were administered
in the evening (i.e. 10–11 hours prior to the driving test in the

morning) or in the middle of the night (i.e. 4 hours prior to
the driving test in the morning), and driving performance was
measured the next morning and/or afternoon. Some studies
also looked at the effects of a prolonged use of hypnotics. An
overview of the effects of hypnotics on the on-the-road driving
test is shown in Table 60.1.

Long-acting hypnotics (half-life >24 hours)
Of the hypnotics with a long half-life, flurazepam in doses of
15 and 30 mg caused severe residual driving impairment. This
impairment was largest for the high dose and in the morning
(O’Hanlon 1984). Residual effects of a single dose of flurazepam
(15 and 30 mg) were still found in the afternoon (O’Hanlon
1984; Vermeeren et al. 1998a). A repeated dose study demonstrated that driving impairment was still apparent after 7 nights
of treatment with 30 mg flurazepam (Brookhuis et al. 1990).
After 2 nights of treatment with nitrazepam 10 mg, significant levels of driving impairment were demonstrated both in
the morning and afternoon. These effects lasted throughout 8
days of treatment (O’Hanlon and Volkerts 1986). A 5 mg dose
of nitrazepam did not impair driving performance in a group
of female participants (Volkerts et al. 1984).
Flunitrazepam 2 mg did not impair driving performance in
the morning after a single night of treatment (Vermeeren et al.
1995). However, impaired driving performance was demonstrated after 2 nights of treatment in two other studies, and this
effect persisted up to 17 hours after administration (O’Hanlon
and Volkerts 1986; Volkerts et al. 1984).

Intermediate-acting hypnotics (half-life
8–24 hours)
Only one study tested the effects of temazepam on actual
driving performance. This study found no residual effects
of temazepam 20 mg in soft gelatine capsule formulation
(O’Hanlon and Volkerts 1986). Temazepam is also available in
hard gelatine capsules, which have a slower rate of absorption,
but this formulation has not been tested in the on-the-road
driving test.
Lormetazepam is also available in capsules as well as tablets.
A 1 mg capsule did not impair driving performance in the
morning after 2, 4 and 7 nights of treatment (Brookhuis et al.
1990), but the same dose in a tablet formula did significantly
impair driving after 1 and 2 nights of treatment (Volkerts et al.
1992a). Lormetazepam in 2 mg dose capsules also caused residual driving impairment in the morning after 2, 4 and 7 nights
of treatment, but this impairment was no longer present in
the afternoon (Brookhuis et al. 1990). The difference between
tablets and capsules is due to the shorter absorption rate of
capsules (Tmax = 1.0 vs. 2.4 hours).
Loprazolam in a 1 mg dose caused a small but statistically
significant increase in SDLP in the morning. A 2 mg dose on
the other hand caused driving impairment as serious as the
effect of a BAC of 1.0 g/L (O’Hanlon 1984). In addition, the
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Table 60.1 Overview of the studies testing hypnotics in the on-the-road driving test. The acute and subchronic effects are indicated in
terms of blood alcohol concentration (BAC) required to achieve the same level of impairment.
Hypnotic

Dose regimen

Day and time of
testing

Significant
impairment

Equivalent
BAC (g/L)a

Reference

Flurnitrazepam

2 mg
2 mg (2 nights)

Day 2, M
Day 2, M & A

No
Yes

>0.5

Vermeeren et al. 1995
Volkerts et al. 1984; O’Hanlon and Volkerts 1986

Flurazepam

15 mg
30 mg
30 mg
30 mg

Day
Day
Day
Day

Yes
Yes
Yes
Yes

>0.5
>1.0
>0.8
0.5–0.8

O’Hanlon 1984
O’Hanlon 1984
O’Hanlon 1984
Brookhuis et al. 1990

Loprazolam

1 mg
2 mg
2 mg

Day 2, M
Day 2, M
Day 2, A

Yes
Yes
Yes

<0.5
>1.0
>0.8

O’Hanlon 1984
O’Hanlon 1984
O’Hanlon 1984

Lormetazepam

1 mg capsule
1 mg tablet
2 mg capsule

Day
Day
Day
Day

2,
2,
2,
2,

No
Yes
Yes
No

<0.5
>0.5

Brookhuis et al. 1990
Volkerts et al. 1992a
Brookhuis et al. 1990
Brookhuis et al. 1990

5 mg
10 mg

Day
Day
Day
Day

2, M & A
2, M
2, A
8, M & A

No
Yes
Yes
Yes

Temazepam

20 mg

Day 2, 4, 8, M & A

No

O’Hanlon and Volkerts 1986

Zaleplon

10 mg
10 mg MOTN
20 mg
20 mg MOTN

Day
Day
Day
Day

No
No
No
No

Vermeeren
Vermeeren
Vermeeren
Vermeeren

Zolpidem

10 mg
10 mg MOTN

Day 2, M
Day 2, M

Nitrazepam

2, M & A
2, M
2, A
7, M

2,
2,
2,
2,

4, 7, M
3, M & A
4, 7, M
4, 7, A

M
M
M
M

No
Yes

<0.5
>0.5
>0.5

>0.5

Volkerts et al. 1984
O’Hanlon and Volkerts 1986

et
et
et
et

al.
al.
al.
al.

1998a, 2002b
1998a; Verster et al. 2002a
1998a
1998a; Verster et al. 2002a

Leufkens et al. 2009b; Vermeeren et al. 1995
Leufkens et al. 2009b

A, afternoon; BAC, blood alcohol concentration; M, morning; MOTN, middle-of-the-night administration.
a
Levels of 0.5 g/L or greater are given in bold.

effects of loprazolam were found to diminish very slowly over
the course of day.

Short-acting hypnotics (half-life <8 hours)
Because of their short half-life, some hypnotics have a shorter
duration of action and less severe residual effects. However,
insomniacs also often take medication in the middle of the
night, so it is also important to measure the effects after MOTN
administration.
The short-acting hypnotic zaleplon (Tmax = 1 hour) had no
significant residual effects on driving performance in doses of
10 and 20 mg, both after an evening and MOTN administration
(Vermeeren et al. 1998a, 2002b; Verster et al. 2002a).
For zolpidem, residual impairment was found on driving
performance after MOTN treatment with 10 and 20 mg doses
(Verster et al. 2002a; Leufkens et al. 2009b). Administration of
zolpidem 10 mg in the evening did not impair driving performance in women complaining of chronic sleep disturbances
(Vermeeren et al. 1995; Leufkens et al. 2009b).
A similar finding was demonstrated for gaboxadol, a GABA-a
receptor agonist. Driving performance was unimpaired after an

evening dose of 15 mg, whereas a MOTN dose did impair
driving in the morning (Leufkens et al. 2009b).
For zopiclone 7.5 mg evening doses were found to produce
residual driving impairment in the morning in several studies
(Vermeeren et al. 1998a, 2002b; Leufkens et al. 2009b; Ramaekers et al., 2011). As expected, the residual effects after MOTN
administration were even larger (Vermeeren et al. 1998a).
Esmirtazapine is the (S)-(+)-enantiomer of mirtazapine
(antidepressant) and has a similar overall pharmacology,
including actions at H1, 5-HT2 and α2-adrenergic receptors.
Esmirtazapine is under development for the treatment of
insomnia. After single and repeated dosing with esmirtazapine
1.5 mg, driving performance was not impaired. A single dose of
4.5 mg did cause driving impairment (almost equivalent to
BAC of 0.5 g/L) but after repeated doses this impairment was
no longer present (Ramaekers et al. 2011).
Ramelteon is a selective melatonin agonist with minimal
affinity for GABA receptors. Therefore it was expected to have
less impairing effects compared with other hypnotics. A recent
study with ramelton 8 mg showed, however, that driving performance was impaired in the morning after an evening dose
(Mets et al. 2011).
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Discussion
The results of the studies described above show that the impairing potential of hypnotics depends, among other factors, on the
drug’s half-life, the administered dose and time of administration. In practice, some patients may take their medication on
an as-needed basis, when they have awakened in the night. Also
it often happens that when patients are unable to fall asleep
after their evening dose, they take an extra dose in the middle
of the night. This means patients increase the prescribed dose,
and time between drug intake and wake-up time is shortened.
This is alarming as it has been shown that higher doses cause
more impairment, as do MOTN treatments. Therefore, patients
should be warned explicitly about these risks.
Insomnia patients often take their medication for a longer
period of time; therefore it is interesting to see if the effects
of hypnotics are subject to tolerance. Only a few studies have
looked at the subchronic effects of hypnotics, and they found
no or limited evidence for the development of tolerance for the
impairing residual effects of hypnotics.
It is often questioned whether the results of studies performed in healthy young volunteers can be generalised to
insomnia patients. Insomnia is most prevalent in middle-aged
and elderly individuals (Drake et al. 2003) and it can be expected
that in this group the effects of hypnotics might be different
due to pharmacokinetic and pharmacodynamic differences.
However, a few recent studies demonstrated that this was
not the case. Zopiclone produced similar increases in SDLP in
both healthy elderly and healthy young drivers (Leufkens 2009;
Leufkens et al. 2009a). Also, temazepam did not cause driving
impairment in an elderly population (Leufkens et al. 2009a) as
was previously demonstrated in young volunteers (O’Hanlon
and Volkerts 1986). In addition, it was demonstrated that
driving performance was not impaired in elderly patients suffering from insomnia compared with age-matched controls
(Leufkens 2009).
Another concern is that gender differences have been found
in some studies, showing that females are more susceptible to
the impairing effects of benzodiazepine hypnotics and zolpidem (Verster et al. 2002a, 2004), possibly due to differences in
weight and body fat distribution. A pooled analysis of four
studies with zopiclone did not, however, show differences
between men and women (Leufkens 2009). Because gender
differences could not be excluded in some studies, it is advisable
to include both male and female participants in driving studies,
which was mostly the case.
One study specifically looked at driving performance in shift
workers (Riedel et al. 1988). Shift workers who need to sleep
during the day often rely on hypnotics to promote sleep. This
study looked at the effects of the midazolam 15 mg, triazolam
0.5 mg and temazepam 20 mg. All three drugs have a short
elimination half-life of 2, 4 and 8 hours, respectively. Therefore
it was expected that these drugs would be free from residual
effects. Temazepam did not cause driving impairment (as was
already found in young and elderly volunteers (O’Hanlon and

Volkerts 1986; Leufkens et al. 2009a)), while triazolam increased
SDLP both on day 1 and day 5 (equivalent to BACs of >0.8 and
1.0 g/L respectively) and midazolam increased SDLP only on
day 5 (equivalent to a BAC of <0.5 g/L).
From the driving studies described here, it should be evident
that the residual effects of hypnotics, especially benzodiazepine
hypnotics, can pose a serious risk for traffic safety. This is
in accordance with the results from epidemiological studies
showing that benzodiazepines are the most often detected
medicinal drug in drivers injured in traffic accidents (EMCDDA
2008).

60.2.2 Anxiolytics
Anxiolytic drugs are used for treatment of anxiety. Most of the
anxiolytic drugs on the market work via GABA, while a few
act on serotonin. The studies described below mostly examined
the acute effects of anxiolytics, but some also investigated the
effects after subchronic or repeated dose treatment. An overview of the results of anxiolytics on the on-the-road driving test
is shown in Table 60.2.

Benzodiazepines
The effects of alprazolam 1 mg on driving performance were
quite severe; one study found an increase in SDLP comparable
to the effects of a BAC of 1.5 g/L (Verster et al. 2002b; Leufkens
et al. 2007). When administered as an extended release formulation (in which the drug is slowly released over time) the effect
of alprazolam 1 mg was much less, but still considerable (>BAC
0.5 g/L) (Leufkens et al. 2007).
Lorazepam in doses of 0.5 mg three times a day (tid) and
1 mg tid caused severe acute driving impairment (Volkerts et al.
1987; Brookhuis and Borgman 1988). Treatment with lorazepam
0.5 mg tid still caused serious driving impairment on days 2 and
9 (Uiterwijk and O’Hanlon 1994). Repeated dose treatment
with lorazepam 1.5 mg twice a day (bid) showed that impairment persisted for at least a week (van Laar et al. 2001).
Diazepam’s effects on driving have been tested in doses of 5
to 15 mg a day. A 5 mg dose did not impair driving acutely in
one study (O’Hanlon et al. 1982), but did cause mild impairment in another study (Van Veggel and O’Hanlon 1993). A
three-times-daily dosing with diazepam 5 mg (Volkerts et al.
1987) and a 10 mg dose both caused significant driving impairment (O’Hanlon et al. 1982). Subchronic effects of doses of
5 mg diazepam tid caused driving impairment larger than the
effect of a BAC of 1.0 g/L (Van Veggel and O’Hanlon 1993).
The active metabolite of diazepam, oxazepam, demonstrated
acute impairing effects of a 10 mg dose tid (Brookhuis and
Borgman 1988). Volkerts et al. (1992a), demonstrated that the
impairing residual effect of a 50 mg evening dose was no longer
present in the afternoon.
Suriclone 0.2 mg tid significantly impaired driving performance, both on the second day of treatment (BAC >1.0 g/L) and
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Table 60.2 Overview of the studies testing anxiolytics in the on-the-road driving test. The acute and subchronic effects are indicated in
terms of blood alcohol concentration (BAC) required to achieve the same level of impairment.
Anxiolytic

Dose regimen

Day of
testing

Significant
impairment

Equivalent
BAC (g/L)a

Reference

Alprazolam

1 mg
1 mg

Day 1
Day 1

Yes
Yes

>1.5
>1.0

Verster et al. 2002b
Leufkens et al. 2007

Alprazolam XR

1 mg

Day 1

Yes

>0.5

Leufkens et al. 2007

Buspirone

5 mg tid
10 mg tid

Day 1
Day 1

Yes
Yes

≈0.5
≈0.5

Volkerts et al. 1987

Clorazepate

5 mg tid

Day 1

Yes

≈0.5

Brookhuis and Borgman 1988

Diazepam

5 mg
10 mg
5 mg tid
5 mg
5 mg tid

Day
Day
Day
Day
Day

No
Yes
Yes
Yes
Yes

≈1.0
>0.5
≈0.5
>1.0

O’Hanlon et al. 1982
O’Hanlon et al. 1982
Volkerts et al. 1987
Van Veggel and O’Hanlon 1993
Van Veggel and O’Hanlon 1993

Lorazepam

0.5 mg tid
1 mg tid
1.5 mg bid

Day 2, 9
Day 1
Day 7

Yes
Yes
Yes

>0.8 and >1.0
>1.5
>1.0

Uiterwijk and O’Hanlon 1994
Volkerts et al. 1987
van Laar et al. 2001

Oxazepam

10 mg tid
50 mg evening dose

Day 1
Day 2, 10 h pd
Day 2, 16 h pd

Yes
Yes
No

>0.5
>0.5

Brookhuis and Borgman 1988
Volkerts et al. 1992a
Volkerts et al. 1992a

Ritanserin

5 mg bid

Day 7

No

Surcilone

0.2 mg tid

Day 2, 9

Yes

1
1
1
1
8

van Laar et al. 2001
>1.0 and >0.5

Uiterwijk and O’Hanlon 1994

BAC, blood alcohol concentration; bid, twice a day; pd, post dose; tid, three times a day; XR: extended release.
a
Levels of 0.5 g/L or greater are given in bold.

after 9 days of treatment (BAC >0.5 g/L) (O’Hanlon et al. 1995).
Clorazepate 5 mg tid had moderate impairing effects in healthy
volunteers (Brookhuis and Borgman 1988).

Serotonergic anxiolytics
Buspirone is the only serotonergic anxiolytic currently on the
market. Buspirone given in doses of 5 and 10 mg tid both
impaired driving performance acutely to about the same extent
as a BAC of 0.5 g/L (Volkerts et al. 1987).
Ritanserin is another serotonergic anxiolytic, although
development of this drug has discontinued. One study looked
at the subchronic effects of ritanserin 5 mg bid and found
that after 7 days of treatment ritanserin did not cause driving
impairment (van Laar et al. 2001).

Discussion
Most of the currently available anxiolytics act on the GABA
system. Overall, the GABA agonists have a more severe effect
on driving performance than the serotonergic drugs which have
a lower potential for impairment. The effects of anxiolytics are
also found to be dose-related.
In addition to the studies with healthy volunteers described
above, several researchers have looked at the effects of anxiolytics on driving performance in anxious patients (Brookhuis

and Borgman 1988; van Laar et al. 1992; Vermeeren et al.
1994; O’Hanlon et al. 1995). These studies demonstrated that
the effects of diazepam, lorazepam, buspirone, oxazepam and
clorazepate in patients are comparable to the effects in healthy
volunteers, and that improvement in their condition does not
lead to an improvement in drug-induced driving impairment.
In one study, patients were treated with diazepam 5 mg tid for
4 weeks and it was established that tolerance to the effects of
lorazepam develops very slowly as the increase in SDLP was still
larger than a BAC equivalent to 0.5 g/L in week 4.

60.2.3 Antidepressants
There are several different classes of antidepressants. These
classes are based on their mechanism of action. Because of
this difference in mechanism, the effects of antidepressants on
driving performance are very diverse. An overview of the results
of antidepressants on the on-the-road driving test is shown in
Table 60.3.

Sedating antidepressants
Tricyclic antidepressants (TCAs) are the oldest class of antidepressants. They act on cholinergic, adrenergic and histaminergic receptors and are therefore related to cognitive impairment
and sedation. TCAs have been found to result in serious driving
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Table 60.3 Overview of the studies testing antidepressants in the on-the-road driving test. The acute and subchronic effects are
indicated in terms of blood alcohol concentration (BAC) required to achieve the same level of impairment.
Antidepressant

Dose regimen

Day of
testing

Significant
impairment

Equivalent
BAC (g/L)a

Amitriptyline

25 mg
25 mg t.i.d.

Day 1
After 1 week

Yes
No

>0.8

Dothiepin noct.

75 mg
75 mg
150 mg

Day 1
After 1 week
After 2 weeks

No
No
No

Doxepine

25 mg

Day 1

Yes

25 mg tid

After 1 week

No

Fluoxetine

20 mg

Day 1, 8, 22

No

Imipramine

50 mg
50 mg bid

Day 1
After 1 week

Yes
No

>0.8

van Laar et al. 1995
van Laar et al. 1995

Mianserine

10 mg tid

Day 1

Yes

>1.0

10 mg tid
15 mg days 1–7
30 mg days 8–15

After 1 week
Day 2, 8
Day 9, 16

Yes
No
No

≈0.5

Mianserine noct.

Louwerens and Brookhuis 1984; Ramaekers
et al. 1992a; O’Hanlon et al. 1998
O’Hanlon et al. 1998
Ramaekers et al. 1998
Ramaekers et al. 1998

30 mg days 1–7
45 mg days 8–15
30 mg days 1–7
60 mg days 8–15

Day
Day
Day
Day
Day

Yes
No
Yes
No
Yes

>0.5

Wingen et al. 2005

≈0.5
<0.5

Ramaekers et al. 1998

Moclobemide

200 mg bid

Day 1, 8

No

Ramaekers et al. 1992a

Nefazodone

100 mg
200 mg
200 mg

Day 1, 8
Day 1
Day 8

No
No
Yes

van Laar et al. 1995

Parxetine

20 and 40 mg

Day 1, 8

No

Robbe and O’Hanlon 1995

Venlafaxine

37.5 mg bid
75 mg bidb

Day 1, 7, 8, 15
Day 8, 15

No
No

O’Hanlon et al. 1998

Mirtazapine noct.

2
9, 16
2
8, 9
16

Reference
Robbe and O’Hanlon 1995
Louwerens and Brookhuis 1984
Ramaekers et al. 1995
Ramaekers et al. 1995
Ramaekers et al. 1995

>0.8

Louwerens and Brookhuis 1984; Schoenmakers
et al. 1989; Ramaekers et al. 1994
Schoenmakers et al. 1989; Ramaekers et al.
1994
Ramaekers et al. 1995

<0.5

BAC, blood alcohol concentration; bid, twice a day; noct., nocturnal dose; tid, three times a day.
a
Levels of 0.5 g/L or greater are given in bold.
b
Increasing dose: subjects received 37.5 mg bid on days 1–7, and 75 mg bid on days 8–15.

impairment. TCAs such as doxepine (Louwerens and Brookhuis
1984; Schoenmakers et al. 1989; Ramaekers et al. 1994), imi
pramine (van Laar et al. 1995) and amitriptyline (Robbe and
O’Hanlon 1995) cause a significant driving impairment with
SDLP increases comparable to the effect of a BAC of 0.8 g/L at
clinically effective doses. After 1 or 2 weeks of treatment, TCAs
no longer impair driving performance as a result of tolerance
(Louwerens and Brookhuis 1984; Schoenmakers et al. 1989;
Ramaekers et al. 1994; van Laar et al. 1995).
A way to overcome the acute impairing effects of TCAs is
to administer them as a nocturnal dose, so that only residual
effects remain in the morning. A study with nocturnal doses of
dothiepin found no residual impairment in the morning after
a single nocturnal dose (Ramaekers et al. 1995). Impairment
was still absent after repeated nocturnal doses with dothiepin
(Ramaekers et al. 1995).

The noradrenergic and specific serotonergic antidepressants, such as mianserine and mirtazapine, significantly impair
driving performance. In acute doses, mianserine caused driving
impairment comparable to the effects of a BAC of 1.0 g/L (Louwerens and Brookhuis 1984; Ramaekers et al. 1992a; O’Hanlon
et al. 1998). After 1 and 2 weeks of treatment, the driving
impairment was less but still significantly worse than placebo
and was comparable to a BAC of more than 0.5 g/L (O’Hanlon
et al. 1998). After nocturnal administration of mianserine,
driving was no longer impaired after acute and subchronic
treatment (Ramaekers et al. 1998). Nocturnal dose studies with
mirtazapine showed significantly impaired driving performance after a single dose (Ramaekers et al. 1998; Wingen et al.
2005). After repeated doses, only a high dose of mirtazapine
still impaired driving performance, indicating that tolerance
was not complete (Ramaekers et al. 1998).
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Non-sedating antidepressants
No driving impairment was found for: moclobemide (Ramaekers et al. 1992a), a reversible inhibitor of monoamine oxidase
A; selective serotonin reuptake inhibitors such as fluoxetine
(Ramaekers et al. 1995) and paroxetine (Robbe and O’Hanlon
1995); and nefazodone (van Laar et al. 1995), a serotonin
receptor antagonist and reuptake inhibitor, and venlafaxine
(O’Hanlon et al. 1998), a serotonin noreinephrine reuptake
inhibitor. Impairing effects were absent after single as well as
repeated doses of these drugs. The only exception to this was a
repeated and high dose of nefazodone, which did impair driving
performance, but this impairment was less than the effect of
0.5 g/L BAC.

Discussion
TCAs, mianserin and mirtazapine clearly impaired driving performance, while no impairment was found for the other classes
of antidepressants. Prolonged treatment with the sedating antidepressnats showed a decrease in impairment after 1 or 2 weeks,
indicating that tolerance develops. Nocturnal administration of
antidepressants is an effective method to reduce the impairing
effects of antidepressants.
Special precautions have to be taken when co-medication
with antidepressants takes place. For instance, a study in
which depressed patients were included, demonstrated that
co-medication with benzodiazepines can cause non-sedating
antidepressants to become sedating (Ramaekers et al. 1997). In
this study, subjects were treated with fluoxetine or moclobemide,
while about 80% of the patients were using benzodiazepines
as co-medication. An increase in SDLP was demonstrated
after the first week of treatment for a subgroup of patients. It
appeared that these patients were using benzodiazepines that
are normally metabolised by enzymes which were now being
blocked by the antidepressants. It is therefore important to
make sure patients’ co-medication is compatible with their
antidepressant.
Variability in drug response might also be due to differences
in metabolising rate. For instance, esmirtazapine is metabolised
through CYP2D6 and its clearance is twice as low in poor
metabolisers as compared with extensive metabolisers. A recent
study showed a more pronounced driving impairment in poor
metabolisers after treatment with esmirtazapine (Ramaekers
et al. 2011). This suggests that subjects with genetic CYP deviations (e.g. poor CYP2D6 metabolisers) may be at higher risk
when exposed to higher levels of drugs or metabolites that have
the potential to impair car driving (Ramaekers et al. 2011).

60.2.4 Antihistamines
The group of antihistamines includes chemically different compounds that all share the pharmacological capacity of preventing histamine from binding to its receptor and consequently
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diminishing the symptoms of allergies. The elimination halflife of antihistamines ranges from a few hours to days (Simons
et al. 1987). In general, driving tests have been performed
at maximal concentration of the drug, both after acute and
subchronic dosing.
Often a distinction is made between first and second generation antihistamines. First generation antihistamines readily
cross the blood–brain barrier and bind to H1 receptors in the
central nervous system (Quach et al. 1979; Nicholson et al.
1991), causing sedation. Second generation antihistamines
have a reduced ability to cross the blood–brain barrier and
therefore cause less sedation. Although they are less sedating
than first generation antihistamines, patients occasionally
report sedative side effects when treated with second generation
antihistamines, especially when the therapeutic dose is exceeded
(Mann et al. 2000; Casale et al. 2003). Therefore, most driving
studies have also investigated larger than therapeutic doses of
antihistamines.
An overview of the effects of antihistamines on the on-theroad driving test is shown in Table 60.4.

First generation antihistamines
Hydroxizine 50 mg acutely impaired driving performance, with
an SDLP increase larger than the effect of a BAC of 0.8 g/L
(Vuurman et al. 2007). After 8 days of treatment with hydroxizine 50 mg driving performance was still impaired, but to a
lesser extent (Conen et al. 2010).
In a study with female subjects, driving was impaired after
diphenhydramine 50 mg treatment (Ramaekers and O’Hanlon
1994). Two other studies demonstrated a lower SDLP increase
in a mixed gender population (Verster et al. 2003; Vuurman
et al. 2004), but the effects were still larger than a BAC of 0.5 g/L.
After 4 days of treatment, the effect of 50 mg diphenhydramine
once daily (od) was still significantly different from placebo
(Verster et al. 2003).
Clemastine 2 mg was studied as a once-a-day dose (Vuurman
et al. 1994) as well as a twice-a-day dose (Vermeeren et al.
1998b). The one-time administration resulted in the highest
increase in SDLP, whereas the twice-a-day regimen showed a
smaller but still significant driving impairment. After 4 days of
treatment with clemastine 2 mg bid, the SDLP increase was still
significantly larger than placebo (Vermeeren et al. 1998b).
Triprolidine caused the largest driving impairment when it
was administered in a 5 mg twice-a-day regimen (Riedel et al.,
1990). After 4 days of treatment with triprolidine 5 mg bid,
impaired driving performance was still present (Riedel et al.
1990; Volkerts et al. 1992b). When administered as a controlled
release formulation, a 10 mg od dose still impaired driving performance in a male population, but this effect disappeared after
4 days of treatment (Robbe and O’Hanlon 1990).
Dexchlorpheniramine 6 mg in a controlled release formulation significantly impaired driving performance acutely in two
studies (Theunissen et al. 2004, 2006). In one study the effects
were larger than the effect of a BAC of 0.5 g/L, while in the other

Table 60.4 Overview of the studies testing antihistamines in the on-the-road driving test. The acute and subchronic effects are
indicated in terms of blood alcohol concentration (BAC) required to achieve the same level of impairment.
Antihistamine

Dose regimen

Day of
testing

Gender

Significant
impairment

Acrivastine

8 mg od
8 mg tid
16 mg od
24 mg od

Day
Day
Day
Day

Males
Females
Females
Females

No
No
Yes
Yes

Bilastine

20 and 40 mg

Day 1, 8

Mixed

No

Cetirizine

10 mg od
10 mg od
10 mg od
10 mg od
10 mg od

Day
Day
Day
Day
Day

Females
Females
Mixed
Males
Mixed

Yes
Yes
Yes
No
No

>0.5
<0.5
<0.5

Vermeeren et al. 2002a
Vermeeren et al. 2002a
Ramaekers et al. 1992b
Volkerts et al. 1992b
Theunissen et al. 2006

Clemastine

2 mg od
2 mg bid
2 mg bid

Day 1
Day 1
Day 4

Mixed
Mixed
Mixed

Yes
Yes
Yes

>0.8
<0.5
<0.5

Vuurman et al. 1994
Vermeeren et al. 1998b
Vermeeren et al. 1998b

Dexchlorpheniramine
CR

6 mg od
6 mg od
6 mg od

Day 1
Day 1
Day 8

Mixed
Mixed
Mixed

Yes
Yes
No

>0.5
<0.5

Theunissen et al. 2004
Theunissen et al. 2006
Theunissen et al. 2006

Diphenhydramine

50 mg od
50 mg od

Day 1
Day 1

Women
Mixed

Yes
Yes

>0.8
>0.5

50 mg od

Day 4

Mixed

Yes

<0.5

Ramaekers and O’Hanlon 1994
Verster et al. 2003; Vuurman
et al. 2004
Verster et al. 2003

10 and 20 mg
30 mg od
30 mg od

Day 1, 5
Day 1
Day 5

Males
Males
Males

No
No
Yes

<0.5

Emedastine

2, 4 mg bid
2, 4 mg bid

Day 1
Day 4

Mixed
Mixed

Yes
Yes

>0.8
>0.5

Vermeeren et al. 2002a

Hydroxizine

50 mg od

Day 1

Mixed

Yes

>0.8
<0.5

Vuurman et al. 2007; Conen
et al. 2010
Conen et al. 2010)

Ebastine

1
1
1
1

1
4
1
1, 4
1, 8

Equivalent
BAC (g/L)a

Reference

>0.5
>0.5

Ramaekers and O’Hanlon 1994
Robbe and O’ Hanlon 1990
Ramaekers and O’Hanlon 1994
Ramaekers and O’Hanlon 1994
Conen et al. 2010

O’Hanlon and Ramaekers 1995

50 mg od

Day 8

Mixed

Yes

Levocetirizine

5 mg od

Day 1, 4

Mixed

No

Verster et al. 2003

Loratadine

10 mg
10 and 20 mg
20 mg
10 mg
20 mg od

Day
Day
Day
Day
Day

1
1
1
4
4

Mixed
Males
Mixed
Males
Mixed

No
No
No
No
No

Ramaekers et al. 1992b
Riedel et al. 1989
Riedel et al. 1990
Riedel et al. 1989
Riedel et al. 1990

Mequitazine

5 mg
10 mg od
10mg od
10 mg
15 mg

Day
Day
Day
Day
Day

1
1
1
8
1

Mixed
Mixed
Mixed
Mixed
Mixed

No
No
Yes
No
No

Theunissen
Theunissen
Theunissen
Theunissen
Theunissen

5 and 10 od
20 mg od
40 mg od

Day 1
Day 1
Day 1

Mixed
Mixed
Mixed

No
Yes
Yes

Rupatadine

10 mg

Day 1

Mixed

No

Vuurman et al. 2007

Terfenadine

60 od

Day 1

Females, males

No

60 bid
120 od
120 mg bid
120 mg bid
120 mg bid
180 od

Day
Day
Day
Day
Day
Day

Males
Females, males
Mixed
Mixed
Mixed
Females

No
No
No
Yes
No
No

Riedel et al. 1989, 1990;
Ramaekers and O’Hanlon 1994
Riedel et al. 1990
Ramaekers and O’Hanlon 1994
Riedel et al. 1990
Riedel et al. 1990
Riedel et al. 1990
Ramaekers and O’Hanlon 1994

Mizolastine

1, 4
1, 4
1
4, 2 h pd
4, 4 h pd
1

>0.5

et
et
et
et
et

al.
al.
al.
al.
al.

2004, 2006
2004
2006
2006
2004

Vuurman et al. 1994
>0.5
>0.5

<0.5

BAC, blood alcohol concentration; bid, twice a day; CR, controlled release; od, once a day; pd, post dose; tid, three times a day; XR: extended release.
a
Levels of 0.5 g/L or greater are given in bold.
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study the effect was less. After 8 days of treatment, dexchlorpheniramine’s effects on driving no longer differed from placebo
(Theunissen et al. 2006).

Second generation antihistamines
Emedastine 2 and 4 mg bid caused significant acute driving
impairment 3 hours after drug intake. After 4 days of treatment,
both doses of emedastine still significantly increased the SDLP
(Vermeeren et al. 2002a).
Mizolastine was tested in four different doses (5, 10, 20 and
40 mg) (Vuurman et al. 1994). The two lowest doses had moderate, non-significant effects on driving performance, whereas
the 20 and 40 mg doses significantly increased SDLP. This study
also demonstrated that females reached the sedative threshold
after lower doses of mizolastine compared with males.
Acrivastine 8 mg tid a day did not led to significant increases
in SDLP in male subjects (Robbe and O’ Hanlon 1990). In
female subjects (Ramaekers and O’Hanlon 1994), significant
SDLP increments were demonstrated for once-a-day treatment
with 16 and 24 mg doses, but not for a 8 mg dose.
In one study mequitazine demonstrated dose-related driving
impairment, although the separate doses (5, 10 and 15 mg) did
not reach significance (Theunissen et al. 2004). In another
study SDLP was significantly increased after mequitazine 10 mg
treatment (Theunissen et al. 2006). This effect was no longer
significantly different from placebo after 8 days of treatment
(Theunissen et al. 2006).
Inconsistent findings have been found for cetirizine. Two
studies (Ramaekers et al. 1992b; Vermeeren et al. 2002a) found
cetirizine (10 mg od) to cause a significant SDLP increase,
although in the latter this was only for the female participants.
This effect was persistent after 4 days of treatment for the
females but not for the whole group. Two other studies (Theunissen et al. 2006; Volkerts et al. 1992b), in male subjects and
in a mixed population, found no acute or subchronic effects of
cetirizine.
Three studies confirmed that single doses of loratadine 10
and 20 mg did not impair driving performance (Riedel et al.
1989, 1990; Ramaekers et al. 1992b). A repeated administration
of 10 mg loratadine for 4 days did not increase SDLP (Riedel
et al. 1989), whereas 4 days of treatment with a 20 mg od dose
almost significantly increased SDLP (Riedel et al. 1990).
Some recently developed antihistamines are levocetirizine,
rupatadine and bilastine. A mixed gender study showed that
levocetirizine 5 mg had no acute or subchronic effect on SDLP
(Verster et al. 2003). The effects of rupatadine in its therapeutic
dose of 10 mg (Vuurman et al. 2007) were also comparable to
those of placebo treatment. Bilastine was tested in 20 and 40 mg
doses, both after acute dosing and repeated doses, and was
found not to cause driving impairment in any of these dosing
conditions (Conen et al. 2010).
Instead of causing impairment, a few antihistamines showed
a decrease in SDLP, indicating a mild improvement in driving
performance. This was true for terfenadine 60, 120 and 180 mg
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(Riedel et al. 1989, 1990; Volkerts et al. 1992b; Ramaekers
and O’Hanlon 1994), ebastine 10, 20 and 30 mg (De Vries et al.
1989; O’Hanlon and Ramaekers 1995), desloratadine 5 mg
(Vuurman et al. 2004) and fexofenadine 120 mg bid (Vermeeren
and O’Hanlon 1998). When administration was prolonged, terfenadine 120 mg bid did cause a significant rise in SDLP when
driving was performed 2 hours after intake, but this effect disappeared again 2 hours later (Riedel et al. 1990). Also for ebastine 30 mg, an impairing effect was demonstrated after 5 days
of treatment (O’Hanlon and Ramaekers 1995).

Discussion
Over the years a lot of antihistamines have been developed, and
an obvious improvement in the safety profile can be seen with
the development of second generation antihistamines. Although
second generation antihistamines are often called ‘non-sedating
antihistamines’, it should be clear that they are not free of
sedative effects. Some of the newly developed antihistamines
demonstrated no impairment (e.g. fexofenadine, desloratadine,
levocetirizine), and are therefore sometimes called ‘third generation antihistamines’.
For several antihistamines, driving impairment was only
demonstrated in an exclusive female population, and a few
studies also demonstrated women’s greater sensitivity to the
impairing effects of antihistamines. These findings suggest that
women might be more sensitive to the effects of antihistamines.
It has been hypothesised that this greater sensitivity of women
is a consequence of the lower average body weight of participants in the respective studies although this has never been
demonstrated.
When drug administration was continued over several days,
the effects of antihistamines on driving performance diminished but remained significant in most cases. Only the effect of
ebastine changed from acutely stimulating to subchronically
sedating, probably as a consequence of accumulation of the
drug in the brain.

60.2.5 Other drugs
The antiepileptic drugs carbamazepine and remacemide were
compared in one driving study using healthy volunteers (Ramaekers et al. 2002). The effects on driving performance were
measured after 8, 10 and 12 days of a 12-day incremental dosing
regimen. Remacemide did not affect the subjects’ driving performance. Carbamazepine increased SDLP throughout treatment comparable to those of drivers with BACs of 0.5 g/L.
One study looked at the effects of mefloquine, an antima
larial drug, on actual driving performance (Vuurman et al.
1996). The medication was taken in a 250 mg dose during the
evenings of days 1, 2, 3, 8, 15, 22 and 29. Testing was done on
days 4, 23 and 30, the latter after repeated doses of alcohol
sufficient to sustain a blood concentration of about 0.35 g/L.
Mefloquine caused no significant impairment in any test at any
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time relative to placebo. It significantly improved driving performance in the on-the-road driving test on day 4.
Methylphenidate (Ritalin), a psychostimulant drug used
for treating attention deficit hyperactivity disorder (ADHD)
and narcolepsy, was found to improve driving performance
in adult ADHD patients (Verster et al. 2008) and 3,4-met
hylenedioxymethamphetamine (MDMA; e.g. ecstasy) users
(Ramaekers and Kuypers 2004; Ramaekers et al. 2006), as evidenced by a decrease in SDLP compared to placebo.

60.3 Conclusions
This chapter gives an overview of the studies using the on-theroad driving test for measuring the impairing effects of psychoactive prescription drugs on driving performance. Driving
impairment has been demonstrated for several hypnotics, anxiolytics, antidepressants and antihistamines. Within each drug
class large differences in impairing potential have been shown.
To ensure traffic safety, governments apply strict laws to
driving under the influence of alcohol. Applying such laws for
medicinal drugs is, however, not that simple, because of various
reasons. For example, a large proportion of the population
would be excluded from driving. In addition, relatively simple
and reliable breath analyser tests are available for estimating the
amount of alcohol in the blood circulation but such easy tests
do not exist for measuring circulating levels of psychoactive
substances. Therefore, it is essential that drugs are screened
thoroughly on their potential to affect patients’ driving performance and that patients receive the most up-to-date information about the impairing potential of the drugs they are
using. For this reason, the International Council on Alcohol,
Drugs and Traffic Safety (ICADTS) has provided a categorisation system for medicinal drugs affecting driving performance,
in which categories I, II and III are used and are equivalent to
a BAC of <0.5, 0.5–0.8 and >0.8 g/L. Using this system, prescribing doctors and dispensing pharmacists can select the safest
drug within a class, and also warn patients about the possible
risks associated with the drug.
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61

Toxicological Markers of
Chronic Alcohol Abuse

Fritz Pragst

61.1 Introduction
Persons addicted to alcohol or with steady excessive alcohol
consumption without being addicted (alcohol abuse) are not
able to drive safely and, therefore, should not be allowed to
possess a driver’s licence. As a rule, their drink-driving problem
becomes evident in an increased prevalence of traffic collisions.
In Germany, chronic excessive drinking is strongly suspected if
on such an occasion a blood alcohol concentration of ≥1.6 mg/g,
or on two occasions ≥1.1 mg/g (threshold of absolute unfitness
to drive), were measured. In this context, laboratory markers of
excessive alcohol consumption are important in two ways: (i)
confirmation of the suspected chronic alcohol abuse in new
cases; or (ii) relapse control in cases of application for driver’s
licence re-granting after withdrawal and imposed absolute
abstinence. Whereas in the first case a discrimination between
social and excessive drinking is requested, any alcohol consumption should be detected or excluded in the second case.
Although total abstinence cannot be proven by any alcohol
consumption marker their use supports other evidence.

61.2 Overview and characteristics of
alcohol biomarkers
Biomarkers for the detection of excessive alcohol consumption
are a topic of ongoing research and have been reviewed in
several papers (Conigrave et al. 2003; Helander 2003; Hannuk-

Handbook of Forensic Medicine, First Edition. Edited by Burkhard Madea.
© 2014 John Wiley & Sons, Ltd. Published 2014 by John Wiley & Sons, Ltd.

sela et al. 2007; Niemelä 2007; Jones 2008). Generally, there are
two types of alcohol biomarkers: trait markers which characterise the genetic disposition and vulnerability to become addicted
to alcohol, and state markers which characterise the real drinking behaviour of an individual. Although it seems to be clear
that there is a connection between metabolism and activity of
neurotransmitter systems and disposition to addiction (Ratsma
et al. 2002; Panhuysen et al. 2010), trait markers are still in an
early state of research. The measurement of platelet monoamine oxidase type B (MAOB) seems to be a first step in this
direction since low activities of this enzyme correlate with
certain personality characteristics typical for becoming addicted
(Snell et al. 2012). However, no simple and reliable laboratory
tests are available until now to detect an increased genetic risk
of alcohol dependence. Therefore, this chapter is confined to
chemical markers.
An overview of state markers with a greater practical importance is given in Table 61.1. They can be classified with respect
to their time window for detection of acute or chronic consumption or with respect to their connection to ethanol for
indirect or direct markers. Direct ethanol (referred to as alcohol
from now on) markers contain the two carbon atoms of ethanol.
Therefore, they can only originate from alcohol. These markers
are ethanol itself and its minor metabolites ethyl glucuronide,
ethyl sulphate, fatty acid ethyl esters, phosphatidyl ethanol and
the combined marker of cocaine and alcohol use cocaethylene
(structures shown in Fig. 61.1). All other markers given in Table
61.1 are indirect markers which are based on biochemical or
pathological changes caused by alcohol but are not structurally
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Table 61.1 Characteristics of alcohol biomarkers (Brinkmann et al. 2000; Conigrave et al. 2003; Hannuksela et al. 2007; Niemelä 2007;
Jones 2008; Liangpunsakul et al. 2010; Pirro et al. 2011).
Alcohol marker

Indication

Time window

Availabilitya

Thresholdb

Sensitivityc

Specificityc

EtOH in blood

Actual drinking

Hours to 1 day

A, C

0.1 g/kg

Not definedd

100%

d

100%

d

EtOH in breath

Actual drinking

Hours to 1 day

E

0.05 mg/L

Not defined

EtOH in urine

Recent drinking

Hours to 1 day

A, C

0.1 g/kg

Not defined

100%

EtOH in sweat

Abstinence control

Minutes to hours

F

Not defined

High

100%

EtG in urine
EtS in urine

Recent drinking
Recent drinking

Up to 130 h
Up to 80 h

D
D

100 ng/mL
Not defined

d

High

d

High

d

Not defined
Not defined

5-HTOL : 5-HIAA
in urine

Recent drinking

6–20 h

C

15 nmol/μmol

Not defined

>90%

MeOH in blood

Chronic episodic
drinking

Hours to 1 day

C

0.01 g/kg

Lowd

High

GGT in plasma,
serum

Excessive drinking

2–6 weeks

A

55–64 IU/L (male)
36–42 IU/L (female)

Low–moderate

Moderate

MCV in blood

Excessive drinking

Several months

A

98–100 fL

Low

Moderate

CDT in plasma,
serum

Excessive drinking

3–4 weeks

B

1.7–2% of total
transferrin

Moderate

High

PhEt in blood

Excessive drinking

2–3 weeks

C

0.7 μmol/L

High

High

FAEEs in hair

Excessive drinking

Several months

D

1.0 ng/mg (0–6 cm)

High

High

EtG in hair

Excessive drinking

Several months

D

30 ng/mg (0–3 cm)

High

High

CDT, carbohydrate deficient transferrin; EtG, ethyl glucuronide; EtOH, ethanol; EtS, ethyl sulphate; FAEEs, fatty acid ethyl esters; GGT,
γ-glutamyltransferase; 5-HTOL : 5-HIAA, ratio of 5-hydroxytryptophol and 5-hydroxyindolylacetic acid; MCV, mean corpuscular volume of erythrocytes;
MeOH, methanol; PhEt, phosphatidylethanol.
a
Test availability: A, low expenses, all clinical laboratories; B, increased expenses, central clinical laboratories; C, increased expenses, forensic alcohol
laboratories; D, high expenses, specialised laboratories; E, on-site testing, police, emergency units; F, pilot projects, individual application, continuous testing
by wrist or ankle bracelet.
b
The threshold values of some markers may depend on analytical method, age and gender, pregnancy or aim of diagnosis.
c
Literature data about sensitivity and selectivity depend strongly on the evaluated population and used decision criteria (cut-offs). Therefore, only a
qualitative assessment can be given.
d
The sensitivity of detecting actual and recent alcohol drinking depends on alcohol dose and time after cessation of drinking and, therefore, cannot be
defined.

linked to ethanol. During the last decade, a shift from indirect
markers to direct markers has occurred because of their higher
specificity, and because blood and urine are traditional specimens, although hair is now increasingly been used because of
its longer detection window.
The applicability of an alcohol consumption marker is characterised by the following criteria:
• Biochemical mechanism: functional connection between
alcohol consumption and the value of the parameter.
• Practicability: availability of the test, difficulty and costs of
performance.
• Reference range: values for teetotalers, social drinkers and
alcohol abuse.
• Cut-off values: decision limit for discrimination between the
different consumer groups.

• Threshold dose: tolerance of single drinking events.
• Sensitivity (%): 100 minus the percentage of false-negative
results at a fixed cut-off.

• Specificity (%): 100 minus the percentage of false-positive
results at a fixed cut-off.

• Discrimination power: accuracy of discrimination between
consumers groups.

• Disturbances: sources of false-positive and false-negative
results.
Since these criteria depend to high degree on the investi
gated population, quite different values were obtained in the
many studies described in the literature and only a qualitative
rating can be given in Table 61.1. In the following sections the
most important biomarkers of alcohol consumption are
described.

1101

CHAPTER 61   TOXICOLOGICAL MARKERS OF CHRONIC ALCOHOL ABUSE

HOOC

O

HO
HO

OH

O

O

CH3

CH2

O S O

O

CH2 CH3

C O CH2
CH3
O

H3C N

O

C O

H5C6

EtS

EtG

Cocaethylene
O
O

CH2

OH

HO

CH3

O

FAEEs (example: ethyl palmitate)

N
H

O
O

O
O

P

Serotonin
degradation

O
O

CH2
CH3

O

5-HIAA

NADH
excess
OH

HO

O
N

PhEt (example: PhEt 16:0/18:1)

H

5-HTOL

Figure 61.1 Structure of some alcohol biomarkers: ethyl glucuronide (EtG), ethyl sulphate (EtS), cocaethylene (combined alcohol and
cocaine metabolite), fatty acid ethyl esters (FAEEs, group of minor ethanol metabolites), phosphatidylethanol (PhEt, group of minor
ethanol metabolites), 5-hydroxytryptophol (5-HTOL) and 5-hydroxyindolylacetic acid (5-HIAA).

61.3 Biomarkers of alcohol
consumption
61.3.1 Conventional clinical laboratory
parameters
Some indications of an alcohol problem are obtained from
inexpensive clinical laboratory parameters which are routinely
determined, for instance during a health check of a person.
These are the liver enzymes γ-glutamyltransferase (GGT),
alanine transaminase (ALAT) and aspartate transaminase
(ASAT) and the erythrocyte mean corpuscular volume (MCV)
(Sillanaukee et al. 1998; Conigrave et al. 2003; Hietala et al.
2006; Liangpunsakul et al. 2010). They are indirect alcohol
markers.
Of these, GGT is the most frequently used parameter to get
first information about heavy drinking as well as for monitoring changes in following up during withdrawal treatment. This
liver enzyme catalyses the transfer of the γ-glutamyl moiety
from glutathione to various small proteins. Elevated values in
serum occur after daily drinking of 60–80 g ethanol over at least
3 weeks by leakage from damaged liver cells or by enzyme
induction; 4–5 weeks of abstinence are required before their
return to normal values. False-positive results are obtained by
the presence of hepatitis, liver cirrhosis, liver carcinoma or
several medicinal drugs. Reference ranges depend on age and
gender and may be changed in cases of pregnancy, obesity or
diabetes.

ALAT and ASAT are hepatic enzymes involved in the metabolism of the amino acids alanine and aspartate. Their analysis
is a part of a routine liver function test. Elevated values indicate
liver dysfunction caused either by heavy drinking or by liver
diseases. The sensitivity and specificity as biomarkers of heavy
drinking are relatively low. In addition to the enzyme activities,
a ratio of ASAT : ALAT of >2 can be used as additional evidence
of liver dysfunction.
The MCV of the erythrocytes is enlarged after continuous
heavy drinking for 4–8 weeks. The specificity is higher than that
of GGT, ALAT or ASAT but is limited also by non-alcoholic
liver diseases, coagulation disorders or folate deficiency. The
sensitivity is very low. Therefore, it should be used only in
combination with other parameters.
These traditional markers were generally found to have
imperfect sensitivity and specificity. For instance in a large,
population-based study of more than 8700 participants, these
markers of heavy drinking, either alone or in combination, did
not appear to be useful in identifying unhealthy drinking
(Liangpunsakul et al. 2010). However, they have a clinical role
in the detection of complications of drinking, and of co-morbid
conditions that may increase the risk of drinking.

61.3.2 Carbohydrate-deficient transferrin
in serum or plasma
Transferrin is a transport glycoprotein for iron ions (Fe3+). It
contains two carbohydrate side chains with 2–6 terminal sialic
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acid groups for binding the iron. In healthy non- and moderate
drinkers the tetrasialo isoform widely dominates. Continuous
consumption of more than 50–70 g alcohol per day for at least
7 consecutive days leads to a disturbance of the hepatic glycosylation in the transferrin synthesis, and an increased portion
of isoforms with only two or even without any sialo groups is
formed. The ratio of this carbohydrate-deficient transferrin
(CDT) to the total transferrin is used as a marker of alcohol
abuse (Bortolotti et al. 2006; Jeppsson et al. 2007; Arndt et al.
2008; Helander et al. 2010).
CDT (%) = 100 (disialo + monosialo + asialo)/ total transferrin
The analytical determination of CDT is more complicated
and therefore more expensive than the parameters described in
Section 61.3.1 and uses immunometric methods, high performance liquid chromatography (HPLC) or capillary zone
electrophoresis, with HPLC as the reference method. Depending on the method and on the diagnostic requirements 1.7–
2.0% CDT is used as a cut-off for heavy drinking. For alcoholics
the CDT is usually below 20% but may range up to 40% in rare
cases.
Although being an indirect alcohol marker, CDT is much
more specific than, for instance, GGT. False-positive results are
rare and are caused, for example, by unusual genetic variants
of the transferrin or by a rare congenital disorder of glycosylation. However, the sensitivity is rather low with 30–50% for
women and 50–70% for men. The detection window is only
about 2 weeks of abstinence.
CDT is frequently used in comparison and in combination
with the traditional alcohol markers (Sillanaukee et al. 1998;
Brinkmann et al. 2000; Reynaud et al. 2000; Hietala et al. 2006;
Snell et al. 2012). These studies show clearly the superiority of
CDT but also the increase of sensitivity and specificity when
interpreted in combination.

61.3.3 Phosphatidylethanol in blood
Phosphatidylethanol (PhEt) is a group of minor non-oxidative
metabolites of alcohol formed after alcohol ingestion from
phospholipids by enzymatic replacement of choline or ethanolamine by ethanol (Isaksson et al. 2011). The structure is
shown in Fig. 61.1 together with other alcohol markers. The
reaction with ethanol is catalysed by phospholipase D, which
normally hydrolyses phospholipids to phosphatidic acid. PhEt
is located in cell membranes, for instance of erythrocytes. The
half-life in blood is about 4 days. The analytical determination
by HPLC with an evaporative light-scattering detector has now
been replaced by the more specific liquid chromatography/
tandem mass spectrometry (LC-MS/MS). Up to 48 homologues
of this group have been identified by LC-MS/MS and differ by
the fatty acid substituents R1-CO and R2-CO. The (16:0/18:1)
and (16:0/18:2) forms occur with highest concentration and are
also found in the blood of social drinkers (Gnann et al. 2010;
Nalesso et al. 2011). Until now, PhEt has not been detected in

non-drinkers or after single drinking events. The concentration
range for chronic drinkers with more than 60 g ethanol/day is
0.3–16 μmol/L. The detection window is up to 3 weeks. PhEt is
considered to be a very specific and very sensitive marker of
excessive alcohol consumption. Its usefulness is still being
studied and its analysis is available only in specialised
laboratories.

61.3.4 Methanol and isopropanol + acetone
in blood
Low concentrations of methanol (0.1–2%) are contained as a
congener in most alcoholic beverages. Moreover, traces of
methanol are formed by endogenous processes. It is metabolised by the same enzyme, alcohol dehydrogenase (ADH), as
ethanol but has a much lower affinity to this enzyme. In a case
of continuous drinking, this leads to an accumulation of methanol in the human body as long as ethanol is present (Buchholtz
1993; Haffner et al. 1997; Brinkmann et al. 2000). When the
blood alcohol concentration (BAC) decreases below 0.1 mg/g,
methanol is eliminated with a half-life of 3–5 hours. For these
reasons, a methanol concentration ≥0.01 mg/g can be used as
an indication that the person was not sober for many hours
before blood sampling and is likely to be a chronic alcohol user.
Methanol can be detected at relevant concentrations by good
gas chromatographic (GC) methods used for blood alcohol
analysis and can be a relatively easy method to screen for
chronic alcohol abuse during routine blood alcohol analysis.
Similarly, acetone and isopropanol are common substances
detected in the alcohol method using GC and are produced
endogenously. Most commonly, they are associated with
ketoacidotic states such as in hypoglycaemia. The concentrations of acetone and 2-propanol are more frequently elevated
among alcoholics when compared with non-alcoholics (Iffland
et al. 1988). Since both substances are in a redox balance the
sum of their concentrations is assessed.

61.3.5 Ratio of 5-hydroxytryptophol and
5-hydroxyindolylacetic acid in urine
In non-drinkers, the endogenous substance serotonin
(5-hydroxytryptamine)
is
metabolised
via
5hydroxyindolylacetaldehyde almost completely to 5hydroxyindolylacetic acid (5-HIAA); only a very small portion
of the aldehyde is reduced to 5-hydroxytryptophol (5-HTOL),
which is transformed into the corresponding glucuronide.
Both products are excreted with urine. The ratio of 5HTOL : 5-HIAA in urine is 0 or very low for non-drinkers.
However, excessive drinking of ethanol leads generally to an
excess of reduction equivalents in the liver and shifts metabolic
processes in favour of reduction products (Helander et al. 1996;
Helander and Eriksson 2002). For this reason, the urinary
ratio 5-HTOL : 5-HIAA increases during heavy drinking and
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remains elevated for 2–10 hours after the BAC has reached
<0.1 mg/g. The analytical determination is performed by gas
chromatography/mass spectrometry (GC-MS) or by HPLC. A
ratio >15 nmol/μmol indicates recent drinking.

61.3.6 Ethyl glucuronide and ethyl
sulphate in urine
About 0.02–0.06% of the drunken ethanol is metabolised
mainly in the liver to ethyl glucuronide (EtG). This nonoxidative minor metabolite of ethanol has a terminal elimination half-life of 2–3 hours in blood and is detected after
complete ethanol elimination for up to 14 hours in blood and
up to 130 hours in urine, depending on previous ethanol doses
(Helander et al. 2009; Høiseth et al. 2009). The concentrations
are up to 14 mg/L in blood and up to >1000 mg/L in urine.
For its sensitive analytical determination, GC-MS or liquid
chromatography/mass spectrometry (LC-MS/MS) with limits
of quantification below 100 ng/mL are applied. An immunoassay with sufficiently high sensitivity is also available (Böttcher et al. 2008). The prolonged detection time of EtG in urine
is used in practice to control abstinence in persons who must
refrain from drinking after drink-driving, or for other reasons.
The tested persons are randomly summoned by phone for
urine sampling within 24 or 36 hours and a concentration
≥100 ng/mL is taken as proof that he or she was not abstinent.
Since several food or beverages such as over-ripe bananas, sauerkraut, yoghurt, ‘alcohol-free’ beer or grape juice may contain
low amounts of ethanol and may lead to false-positive results
(Musshoff et al. 2010), the persons are informed before in
writing to abstain from ingestion of such products.
Ethyl sulphate (EtS) is another conjugation product of
ethanol. Its time course in blood or in urine is similar to EtG
but the concentrations are lower and the detection time is
slightly shorter (Helander et al. 2009; Høiseth et al. 2009). Additional determination by LC-MS/MS can be advantageous in
putrefied postmortem cases (Høiseth et al. 2010), and in cases
of urinary tract infection (Helander et al. 2007) where EtG can
be degraded or be formed by the action of bacteria, EtS appears
to be stable.

61.3.7 Ethyl glucuronide and fatty acid
ethyl esters in hair
Hair is a preferred sample material to test for chronic and previous exposure to abused substances since they or their metabolites are durably stored in the solid hair matrix and since the
steady growth of hair enables an interpretation in many cases
with respect to the exposure time. From the various parameters
given in Table 61.1, EtG and fatty acid ethyl esters (FAEEs)
proved to be the most suitable alcohol markers in hair (Auwärter
et al. 2001; Yegles et al. 2004, Pragst et al. 2010). They combine
the high specificity of direct alcohol markers with the long time
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window of hair. Conditions of their analytical measurement
and criteria for their interpretation were agreed in a consensus
of the Society of Hair Testing (Kintz 2012).
The incorporation mechanism of EtG in hair is not fully
understood but is believed to occur at least partly from sweat.
However, it follows from a recent study with daily shaved beard
hair after a single high alcohol dose that an essential part is also
incorporated from blood and tissues within the hair root
(Schräder et al. 2012). After aqueous extraction and clean-up
by solid-phase extraction it is quantitatively determined by
GC-MS or LC-MS/MS. Depending on drinking habits, the concentrations range from 0 pg/mg to more than 2000 pg/mg.
Although there is no clear proportionality between daily alcohol
dose and EtG concentration in hair, comparative statistical
studies with other alcohol markers by ROC (receiver operation
characteristics) analysis (Fig. 61.2) showed much better discrimination power (area under curve (AUC) 0.95 to 0.99, indicating a highly accurate test) (Pirro et al. 2011; Kharbouche
et al. 2012; Suesse et al. 2012). The cut-off 30 pg/mg in the
proximal hair segments with a length of between 3 and 6 cm
is recommended for discrimination between social drinkers
and excessive alcohol consumers. An EtG concentration below
7 pg/mg in the same segment is assumed to be not in contradiction with alleged abstinence. Because of its hydrophilic structure, EtG is sensitive to wash out effects. Different kinds of hair
cosmetics, bleaching and dyeing can lead to degradation of EtG
and false-negative results. False-positive EtG results are improbable although a case caused by an EtG-containing hair lotion
has been described (Sporkert et al. 2012).
FAEEs are a group of non-oxidative minor metabolites
formed after ingestion of ethanol by enzymatic reaction with
free fatty acids, triglycerides, phospholipids or lipoproteins in
blood and almost all tissues. There is always an equilibrium in
blood between the formation and hydrolysis of FAEEs depending on the ethanol concentration. Maximum FAEE concentrations in blood range from 1.2 to 3.0 μmol/L (Borucki et al.
2005). After ethanol elimination their concentration decays by
two-phase kinetics with half-lives of 3 and 10 hours to a basic
level of 0.024 and 0.087 μmol/L. In alcoholics FAEEs are stored
in fatty tissues.
FAEEs are incorporated into hair mainly from sebum
(Auwärter et al. 2001). Therefore, continuous drinking leads to
an increasing accumulation in distal hair segments as well.
From the whole FAEE group the four esters ethyl myristate
(E14), ethyl palmitate (E16), ethyl oleate (E18:1) and ethyl stearate (E18) were selected and the sum of their concentrations is
used for interpretation. They are extracted from hair by an
n-heptane/dimethylsulphoxide mixture and analysed by headspace solid-phase microextraction and GC-MS (Pragst et al.
2001). Their concentrations range from <0.1 to >30 ng/mg.
Values of 0.5 ng/mg in the 0–3 cm proximal hair segment and
1.0 ng/mg in the 0–6 cm proximal hair segment are used as the
cut-offs for the discrimination of chronic alcohol abuse from
abstinence and moderate drinking. Evaluation of the discrimination power by ROC analysis also showed a highly accurate
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Figure 61.2 Evaluation of the discrimination power of alcohol biomarkers by receiver operation characteristics (ROC) analysis. (a) 125
subjects, area under curves (AUCs): ALAT 0.73, ASAT 0.79, GGT 0.79, CDT 0.84, EtG in hair 0.99 (Kharbouche et al. 2012). (b) 341
subjects, AUCs: MeOH 0.728, A+2P 0.878, GGT 0.903, CDT 0.963 (Brinkmann et al. 2000). (c) 175 subjects, AUCs: CDT 0.771, EtG in
hair 0.982; not shown: GGT 0.834, MCV 0.730, ALAT 0.728, ASAT 0.612 (Pirro et al. 2011). (d) 261 subjects, AUC: EtG in hair 0.954;
229 subjects, AUC: FAEE in hair 0.955 (Suesse et al. 2012). Assessment of discrimination power of the tests (Greiner et al. 2000):
AUC = 0.5, non informative; 0.5 < AUC ≤ 0.7, less accurate; 0.7 < AUC ≤ 0.9, moderately accurate; 0.9 < AUC < 1.0, highly accurate;
AUC = 1.0, perfect. A+2P, acetone + isopropanol; ALAT, alanine transaminase; ASAT, aspartate transaminase; CDT, carbohydratedeficient transferrin; EtG, ethyl glucuronide; FAEE, fatty acid ethyl ester; GGT, γ-glutamyltransferase; MCV, mean corpuscular volume of
erythrocytes; MeOH, methanol.

test (AUC 0.95) (Suesse et al. 2012). A basic FAEE level is also
found in the hair of strict teetotalers, probably caused by
endogenous and alimentary alcohol. Therefore, concentrations
below 0.2 ng/mg in the 0–3 cm proximal segment or below
0.4 ng/mg in the 0–6 cm proximal segment are not necessarily
in contradiction to alleged abstinence. The lipophilic FAEEs are
less sensitive to wash out effects and oxidising agents in hair
cosmetics than EtG. However, frequent application of ethanolcontaining hair lotions or hair sprays can lead to false-positive
results.
The combined use of EtG and FAEE in hair is advisable and
increases the accuracy of the result since both markers comple-

ment each other in an optimal way because of different formation mechanisms, different ways of incorporation in hair,
different sensitivity to hair care and hair cosmetics and different
analytical determination.

61.4 Detection of chronic excessive
alcohol consumption
Most of the described alcohol markers with a longer time
window were evaluated with respect to discrimination between
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chronic excessive drinking on the one hand and abstinence or
moderate drinking on the other. A comparison of the discrimination power as determined by several authors using ROC
analysis is shown in Fig. 61.2. At present the alcohol markers in
hair seem to fulfil this task most efficiently with respect to
sensitivity, specificity and length of time window. However,
their determination is relatively labour- and cost-intensive and
is not generally available. The same is true for PhEt in blood.
GGT and CDT alone or in combination are able to identify
heavy drinkers with the limitations described in Sections 61.3.1
and 61.3.2, respectively. Methanol in blood has the advantage,
particularly in traffic cases, that it is readily available during
alcohol determination by GC. Combinations of different
markers always increase the accuracy of the interpretation. Nevertheless, alcohol markers should not be used in isolation as a
basis for decisions with long-lasting consequences but always
seen in the context of further information about the whole case.

61.5 Control of abstinence
Total abstinence, for example for 1 year, after withdrawal treatment from alcohol addiction can be required as a prerequisite
of driving licence re-granting or for other reasons such as
obtaining or maintaining child custody, after domestic violence
offences, staying in jobs with high endangering potential or
allowing licensed professionals with an alcohol problem to continue practicing without jeopardising community safety. This
must be controlled since the probability of relapse is very high.
There are two approaches practically applied:
1. Frequent and at random measurement of alcohol markers
with a short time window. This concerns ethanol in the
breath, blood, urine or saliva, EtG in the urine or the ratio
of 5-HTOL : 5-HIAA in urine, with the time windows of
the last two markers being some hours longer than that of
ethanol. EtG in urine has become of broader importance
for traffic cases. The advantage is a higher sensitivity to
single drinking events if the time window is met. However,
complete supervision is not possible and occasional drinking cannot be excluded.
2. Measurement of alcohol markers with a longer time
window (such as GGT, CDT or alcohol markers in the hair)
at the beginning, repeatedly within, and at the end of the
control period. Termination of drinking is indicated by a
corresponding change of the values. Since these markers
are not able to detect single or even occasional drinking
this is a way to detect heavy and longer lasting relapses
rather than a real abstinence control. Nevertheless, it has
proved to be a more or less successful method since persons
controlled for abstinence usually relapse with more than a
single drink. EtG in hair is regularly used for this purpose
in Germany with the cut-off 7 pg/mg.
An approach to a real abstinence control is continuous
transdermal alcohol monitoring, at first using sweat patches
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and later using a more advanced technology involving ankle or
wrist bracelets (Hawthorne and Wojcik 2006; Sakai et al. 2006;
Swift 2000). The Secure Continuous Remote Alcohol Monitor
(SCRAM™) relies on the excretion of alcohol through sweat
(about 1% of the ingested ethanol), either as sensible perspiration (sweat in the liquid phase) or insensible perspiration (constant, unnoticeable sweat in the vapour phase). The device is a
tamper- and water-resistant bracelet, containing an electrochemical sensor that is attached to the test person’s ankle using
a durable strap. Every half hour, it draws a certain amount from
an enclosed air volume above the test person’s skin into a
chamber containing the electrochemical alcohol sensor and
analyses it for ethanol. In addition, the temperature and a signal
from an infrared obstruction sensor are measured as anticircumvention features. The results are stored on a flash memory
stick and are transferred, for instance, every 24 hours wirelessly
to a modem which is linked to the computer of the control
agency. Initial studies with several hundred participants showed
that this is a valid and reliable method of determining compliance with court-ordered abstinence. It can be expected that
with further miniaturisation of the alcohol sensors this could
be the preferred way of controlling absolute abstinence.
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Traffic Accidents

Heinz-Dieter Wehner and Gerhard Kernbach-Wighton

62.1 Road traffic accidents
Heinz-Dieter Wehner

62.1.1 Car to pedestrian collisions
From a mechanical point of view the collision of a pedestrian
with a car resembles an inelastic impact in which the inelastic
negligible mass of the human being in comparison with the car
takes on the velocity of the impacting car within the shortest
period of time, and the relative velocity between car and human
being is reduced to zero. The velocity reduction leads to an
energy absorption that equals the kinetic fall energy which is
achieved with the impact of the collision velocity onto a hard
base from a respective height. Such energy absorptions cause
continuum destructions due to the deformation of the human
tissue material. The sum of destruction is scalable and has been
used to create the internationally acknowledged abbreviated
injury scale (AIS), where the values correlate with the collision
velocity (Fig. 62.1).
The injuries caused by the dynamics of the accident are
mainly determined by the mass ratio of the impacting partner,
the contours of the impacting car and the anatomy and current
posture of the pedestrian (which are unfavourable for the
pedestrian). The type of impact, the circumstance, whether it
is a frontal accident with complete coverage or a streaking
impact with a partial coverage, has a great influence on the
kinetics and dynamics.
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In the case of complete coverage one usually faces the following kinetic sequences:
1. Impact: the pedestrian is usually impacted towards the foot
end of his mass centre (Fig. 62.2a, phase 1). Depending on
the impacting front, it is also possible to be impacted
towards the head end of one’s mass centre (Fig. 62.2b,
phase 1). Then the pedestrian is prostrated (Fig. 62.2b,
phases 2 and 3).
2. Loading: the pedestrian is catapulted onto the hood of
the car due to rotation (lateral body axis or arrow axis).
The head can reach the lower or even the upper beam
of the windshield depending on the impact velocity (Fig.
62.2a, phases 2–5).
3. Shuffling off: the pedestrian is shuffled off due to the car
breaking and the kinetics follow the laws of lateral force
impacts (Fig. 62.2a, phase 5–7).
In accordance with the laws of classic mechanics, the impact
dynamics during the accident cause the reversible clear motion
sequences of the casualty during the impact and afterwards. By
identifying the trajectories – the routes of the impact of the
casualty – the quality and quantity of the causal dynamic are
determined. Distinctive support points of the trajectory of the
accident casualty are his or her contact points or area with the
impacting tool (here a car) or other limiting constraining forces
(e.g. road surface, guarding rail, road signs, tree trunks). It is
these constraining forces in particular that leave the impacting
partners with a trace exchange (Fig. 62.3), and mark the casualty with their characteristic morphology injuries. Therefore,
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Figure 62.1 The abbreviated injury scale (AIS), showing on the right hand a rough relation between AIS score and collision velocity.
The left-hand side shows the relationship between height of fall and collision velocity.

from careful trace analysis and observation of the morphology
of the injuries, to the type of corresponding constraining forces
conveying contact points or areas, the trajectory of the accident
casualty and, from this, the dynamic of the impact, can be
worked out.
The investigation should be structured considering the
typical accident phases (impact, loading, shuffling off). The
observed injuries of the pedestrian are mainly blunt force
trauma or sometimes a partially sharp trauma: haematomas,
abrasions and separation of structures (ruptures, contusions
due to the crushing, contused lacerations with accompanying
décollation, décollations, fractures). The impact of formed
forces by, for example, especially structured car parts can often
be seen in typical skin desiccation patterns.
In the case of a frontal collision with complete cover between
the upright walking pedestrian and a car, the primary impact
(Fig. 62.2a, phase 1) is usually a blunt force trauma to the lower
leg via the front spoiler transferred to the bumper. Since the
pedestrian achieves a translational acceleration component due
to the impact, the shoe soles glide on the road surface. This
causes corresponding abrasion traces (Fig. 62.4) – on two soles
in a standing pedestrian and one sole in a walking pedestrian

– that indicate the position of the pedestrian during the impact
and the direction of impact. Since the standing surface (shoe
sole), depending on the weight of the pedestrian, has traction,
a moment is exercised through the translational force of the
impacting car contours (Fig. 62.5a) which may cause flexion
fractures close to the ankle with protrusion on the opposite side
of the impact (Fig. 62.5b). In the midtibial shaft, typical bending
fractures take place with wedge-shaped fractures (so-called
Messerer’s fracture, Fig. 62.5c). The wedge tip points in the
direction of the impact, so that the position of the pedestrian
and, possibly, his or her walking direction at the time of impact
can be determined. The impact to the lower leg causes, on the
side close to the impact, abrasions and contusions with associated haemorrhages and also some wound pocket formations.
The height above the shoe sole level of such injuries can be used
to work out the height of the primary impacting car part. The
breaking process and associated ‘nodding motion’ of the car
may result in a lower impact height to the pedestrian than in
an impact with a stationary car.
In the area where the impact occurred, the desiccations
often provide information about the structure of the impact
ing car parts. Their manifestation is therefore of diagnostic
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Phase 6
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(a)

Phase 1

Phase 2

Phase 3

(b)
Figure 62.2 (a) Phases of car to pedestrian collisions for a primary impact. (b) The mass centre of the pedestrian in a frontal collision.

Hair, bloood, tissue

Abrasion of lacquer

Textile fibres

Abrasion of plastic

Imprint of textile
patterns
Figure 62.3 A typical trace pattern on the surface of the car after a car to pedestrian collision.
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(b)

Figure 62.4 Abrasion of the shoe heel area after a car to
pedestrian frontal collision.
(a)

importance. If the primary impact site (e.g. the hood edge) is
at the height of the pelvis and is dorsal, vertebra and pelvic
fractures and renal ruptures may occur (Fig. 62.6). Impacts
higher up on the side of the body can cause rib fractures and
liver or spleen ruptures.
The impact progresses to the loading phase (see Fig. 62.2a,
phases 2–4). During the loading process, the pedestrian is
subject to a tangential movement towards the car hood edge or
the engine hood which causes, respectively, textile abrasions
and corresponding skin abrasions and scratches with fresh
haemorrhaging into the tissue below (Fig. 62.6). The main
movement component, however, is a rotation around the transverse axis of the pedestrian. Simultaneously to this rotation, a
rotation around the longitudinal axis occurs. Both rotations are
ended with a blunt impact on the engine hood. Blunt injuries
to the thorax (rib fractures and pneumohaemothorax, lung and
cardiac contusions) and blunt abdominal traumas (contusions
and ruptures of the major abdominal organs, haemorrhaging
into the great net, mesenteric ruptures) are the consequence of
this (Fig. 62.7).
Depending on the velocity, the head will impact on the hood
or the lower bar of the windshield or the upper bar. Such
impacts manifest themselves as contusive lacerations, facial
fractures and skull cap fractures, which are usually located in
the parietal bone region and continue into the base of the skull.
The injuries leave traces (blood, tissue particles, hair, etc.) on
the vehicle that can be morphologically and molecular biologi-

(c)

Figure 62.5 Lower leg injuries caused by impact with a vehicle:
(a) the dynamics, (b) a flexion fracture close to the ankle with
protrusion and (c) a midtibial shaft fracture (so-called
Messerer’s fracture).

cally matched to the corpse. An impact to the windshield
usually results in it breaking and causing lacerations and a
transfer of the glass splinters to the contact surface of the victim
(Fig. 62.8).
The velocity of the vehicle at the moment of collision might
be extremely high so that if the induced rotation is maintained,
the pedestrian may fly over the roof. However, in most cases
after the loading, a breaking-induced shuffling off with impact
to the ground and subsequent sliding process takes place. Since
shuffling off is subject to the law of slanted (here horizontal)
shuffling off, the shuffling distance can be used to estimate the
vehicle velocity at the time of the shuffling off. The impact to
the ground causes fall injuries that might be superimposed on
the primary impact injuries. The sliding process finds its morphological equivalence in partially marked, extensive abrasions,
avulsions, opening wound pocket formations, and bone abrasions (Fig. 62.9). Particles of the ground at the shuffled off site
might be identified in the wounds.
If the pedestrian is not hit totally, but partially, the movement process is that of a streaked impact. The pedestrian suffers
a rotation movement around his or her vertical axis which
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(a)

(b)

(c)

Figure 62.6 Injuries caused during the loading phase of a car to pedestrian collision: (a) abrasions and scratches, (b) fresh
haemorrhaging into the tissue below and (c) destruction of a kidney.

(a)

(b)

Figure 62.7 (a) Blunt injuries of the thorax (rib fractures, pneumohaematothorax, lung and cardiac confusion). (b) Blunt injuries of the
abdomen (contusions and ruptures of the major abdominal organs, here the liver).

causes primarily the head, but also other body parts, to impact
the side parts of the vehicle, mainly the A pillar of the vehicle.
The expected injuries are therefore contusing lacerations in the
area of the head and skull fractures, but also lacerations caused
by prominent components.
The recumbent pedestrian may also be overrun. Often tyre
tread marks can be seen within the skin (Fig. 62.10a). Also, the
clothes and the body are in contact with the materials adhering

to the tyre tread (Fig. 62.10b). Since the skin is stretched tangentially to the surface (Fig. 62.11a), typical stretch marks occur
(Fig. 62.11b) which are accompanied by widespread avulsions
(or even detachment). If a casualty is run over by a heavy
vehicle, there may be burst fractures due to the indirect impact
in the area of the skull (Fig. 62.11c) until the skull is crushed
and there is an explosive decerebration. In the area of the thorax
there may be rib fractures and fractures of the spine as well as
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(a)

Figure 62.8 Face injuries caused by a frontal windshield contact
(incisions by glass splinters, teeth fractures, contusions and
lacerations).

(b)
Figure 62.10 Characteristics of over-run: (a) tyre tread marks
and (b) tyre contact traces.

organ ruptures and organ eversions due to extrusion. Finally,
the recumbent pedestrian can also be dragged along behind or
under the vehicle which will cause areal abrasions with consequent skin desiccations.

62.1.2 Car to car collisions

Figure 62.9 Extensive abrasions, avulsions, opening wound
pocket formations and bone abrasions after shuffling off.
Particles of the ground can be seen in the wound.

Box 62.1 outlines the frequency of the different types of car to
car collisions found. In a car to car collision, the collisionrelated injury patterns to the passengers may be matched to
clear trauma mechanical processes and the observed injury
topography therefore leads to an understanding of trauma
mechanical processes.
The geometry and structure of the passenger cabin are
clearly of major importance to the cause of injuries if one considers that the energy destroying the integrity of the human
body is introduced through so-called constraining forces in a
mechanical sense (the forces which inhibit the motion which is
happening though limitations or rejections). The belt and
airbag system are also part of such constraining forces because
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(a)

(b)

(c)

Figure 62.11 Over-running the head: (a) dynamics of a bursting fracture, (b) typical stretch marks and (c) morphology of a bursting
fracture.

Box 62.1 Frequency of car to car collision types.
•

•
•
•
•

45% of cases are front-end collisions:

in 25% there is complete coverage

in 25% there is 30–50% right-side coverage

in 50% there is 30–50% left-side coverage
20% of cases are side collisions
10% of cases are rear-end collisions
10% involve a somersault
5% involve front-end under-driving

they limit movement of the passengers, but are capable of
reducing the injury potential of other constraining forces.
Other important aspects are the so-called initial conditions: the
location of the passenger at the time of collision (sitting position, sitting posture) and the velocity of the passenger at the
time of collision (equal to the collision velocity). From studies
of front-end, side and rear-end collisions, the important elements for mixed form collisions can be calculated.

Front-end collisions
The deceleration that occurs during a front-end collision
induces a velocity and therefore a resulting movement of the
driving passenger forwards (Fig. 62.12a, phases 1–3). If the
driver or passenger does not wear a seatbelt, he or she will touch
the dashboard with the knees where a direct (usually an impact
from a shaped object although not always) force with consecutive contusive lacerations occurs. The compression process to
the thigh may cause bloody cartilage contusions of the femoral
condyles with condylar spongiosa sintering, to intracondylar
chisel fractures of the femur to supracondylar flexion fractures.

Force introduction close to the knee may also cause an indirect
bending of the femur with a bending fracture or even a posterior luxation fracture of the hip joint. Fractures close to joints
are usually associated with destruction of the ligaments and
capsules. If the driver slams his or her feet on the foot rest as a
reflex, pilon fractures of the ankle joints may occur; in impacts
with the car pedals (possibly due to the leverage effect to the
foot), fractures of the metatarsal bone can be observed.
The upper body and abdominal part of a driver who is not
wearing a seatbelt reaches the steering wheel. The injuries commonly observed include: rip fractures, cardiac and lung contusions, lung ruptures, aortic ruptures, liver rupture, spleen
rupture, pancreatic contusion, as well as intestinal and mesenterial haemorrhaging. Body fixation by the steering wheel causes
a flexion (‘nodding’) of the head. If during this the face hits the
steering wheel, facial injuries and fractures occur as discussed
for the head impact injuries of the pedestrian. If the steering
wheel stop the driver’s body, his or her face may hit the windshield. Typical glass splinter injuries are added to the blunt
injuries. Finding the glass splinters is an important criterion
in reconstructing the accident. The brace position with hands
and arms causes extremity fractures (e.g. dislocation fractures
within the thumb basal joint, compression fractures within the
wrist joint). A successful brace position is not possible in crash
velocities faster than 15 km/h.
The injury possibilities for a driver are considerably lowered
when wearing a seatbelt and using an airbag system (Fig.
62.12b). If the seatbelt is properly applied, fatal injuries are rare
in collision velocities of up to 40–45 km/h. However, seatbelt
injuries can occur. The collision-induced acceleration pressure
causes haematomas in the form of the seatbelt and minor injuries to the upper skin layer which cause postmortal desiccations
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Phase 1

Phase 2

Phase 3A

Alternative: Phase 3B

Alternative: Phase 2B

Phase 3

(a)
Phase 1

Phase 2A

(b)
Figure 62.12 Phases of a front-end collision: (a) driver without a seatbelt and (b) driver wearing a seatbelt.

shaped by the seatbelt (Fig. 62.13). High collision velocities
can also cause rib fractures and injuries to the inner organs
(liver, spleen, rarely the heart). Because of the fixation of the
buckled-in torso, collision-related deceleration causes a forced
ventral flexion of the head. Such a sudden bending of the spine
causes on the concave side (ventrally) compressions and on the
convex side (dorsally) distensions; these are part of the trauma
mechanical injuries and lead to clinical complaints. Injuries
caused by the seatbelt prove that a seatbelt was worn. The detection of whether a seatbelt was worn or not at the time of collision is of interest to the criminal and civil law. Therefore, the
examination of seatbelt injuries is cautiously performed in a
positive way. Due to the mirror symmetry of the belt course,
the driver and passenger can be distinguished with help of their
seatbelt injuries. The casualty shown in Fig. 62.13 (in a German
vehicle) was the passenger. A lack of seatbelt injuries, however,
does not exclude the use of a seatbelt. There are some injuries
that are incompatible with wearing a seatbelt and prove that a
seatbelt was not worn.
In rare cases the use of a seatbelt is disadvantageous to the
occupant. The seatbelt might be too loose or the lower body of
the occupant might slide underneath the seatbelt (submarining). Injuries to the inner organs (intestine, kidneys) can then
occur. If the occupant cannot unbuckle in time, he or she might
be subject to other damaging events after the primary collision
(e.g. second collision, fire).

Side collisions
In a side collision to the passenger cabin, torso injuries of the
passenger close to the impact can cause spleen ruptures (side
impacts from the left) and liver ruptures (side impacts from the

Figure 62.13 A seatbelt-shaped desiccation after a frontal
impact.

right). A seatbelt provides little protection for the occupant
close to the impact. Because of the law of inertia, the side
impact causes an abrupt lateral inclination of the head, compressing the cervical spine close to the impact, with the tensile
stress to the cervical spine on the opposite side of the impact.
Compression and tension may be involved in such injuries. For
the passenger on the opposite side of the impact, a seatbelt does
provide protection because, through the fixation of the seatbelt,
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contacts with solid marginal structures within the passenger
cabin are averted. In contrast to the seatbelt, a side airbag
system definitely reduces injuries.

difficult to clinically differentiate such cervical spine traumas
of another origin unless there is knowledge of whether a rearend collision occurred or not. In disagreements subject to civil
law, in order to prove that a cervical spine syndrome was the
result of a rear-end accident, the velocity of the car driven into
must be above a certain threshold. For a previously uninjured
cervical spine this threshold is approximately 13 km/h. It is
lower if there was previous damage to the cervical spine or if
at the time of the collision an out-of-position posture existed.

Rear-end collisions
In a rear-end collision the torso is pushed forwards due to the
back of the seat, in contrast to the head which is subject to the
law of inertia. This process causes a shear pressure to the cervical vertebrae leading to a forced reclination of the head. This
pathological movement process is called cervical vertebrae distortion. The underlying pathomechanical force is called cervical vertebrae trauma. There is pressure exercised onto the discs
in the sense of a compressive load and the neck muscles, vessels
and ligaments (interior longitudinal ligament) are tensile
strained. The injuries occur once the biomechanical tolerance
limit is surpassed. The complaints that occur after such a cervical spine trauma can be summed up under the definition ‘cervical spine syndrome after cervical spine whiplash’. It can be

62.1.3 Two-wheeler vehicle to
car collisions
In order to adequately categorise the injury topography after a
two-wheeler to car collision, two different accident courses
must be identified:
• The vehicle hits the two-wheeler in the side (Fig. 62.14a).
• The two-wheeler hits the vehicle in the side (Fig. 62.14b, c).

Phase 1

Phase 2

(a)
Phase 1

Phase 2

(b)
Phase 1

Phase 2

(c)
Figure 62.14 The most important types of two-wheeler to car collisions: (a) vehicle hits a two-wheeler in the side, (b) two-wheeler hits
a car at the cabin and (c) two-wheeler hits a car at the bonnet.
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During the collision phase, if a vehicle collides its front with
the side of a two-wheeler (Fig. 62.14a), the cyclist or motorcyclist who first hits the bumper or the hood, as in the case of the
pedestrian, is mainly subject to a rotation movement. During
the rotation movement the cyclist is loaded or picked up and
reaches, depending on the velocity, the hood with his head, or
the windshield or the upper windshield frame. According to the
primary contact site, there may be hip joint fractures, femoral
neck fractures or femoral shaft fractures. During loading, injuries can be caused within the abdomen and chest organs, along
with pelvis and rib fractures and, after the impact of the head,
severe intracranial injuries. However, intracranial injuries are
not as common in the two-wheeler cyclist as in a pedestrian.
After the loading there is shuffling off and the injuries caused
by being thrown off.
If the two-wheeler collides with the side of a car and if this
collision is at the height of the passenger cabin (Fig. 62.14b),
there is a contact of the head/upper body part with the roof
frame of the car in nearly all cases. This is particularly shape
aggressive, so that this type of collision is connected to very
high mortality rates. Due to the unsuccessful brace position
at the steering wheel, there occur metacarpal fractures,
compression-related dislocation fractures of the carpal bone
and also compression-related radius fractures in a typical
pattern (loco typico). If the introduced force flow reaches the
elbow, one can expect an extension fracture to the elbow close
to the humerus. Since the two-wheeler cyclist is moved forwards in a crouched position after the impact-related deceleration of the two-wheeler as dull mass, the knee contacts the
vehicle and injuries occur. Within the frame of the movement
process, the handlebar may be a constraining force introducing
structures important to the injury of the femoral area.
The collision phase is followed by a flying phase which entails
certain impact-related injuries (fractures of the upper extremities, intracranial injuries, rib and clavicle bone fractures,
bending and compression injuries to the spine in force introduction through the head). In the subsequent sliding phase
there are skin, muscle and bone abrasions which are often contaminated with dirt from the road. The flying phase as well as
the sliding phase may be ended by an impact with a further
obstacle (pavement, poles, guarding rail, etc.) which then introduces a blunt force to the injury morphology.
If the brunt of the impact takes place on the side of the car
at the height of the hood, the injury pattern is mainly marked
by the flying phase (catapulting motion over the hood) (Fig.
62.14c).
In the context of the reconstruction of a two-wheeler collision, a very important aspect is whether the cranial injury
inflicted could have been prevented if a helmet had been worn.
The helmet can fly off during the collision if not properly worn
(poor fit, not adequate or missing chin strap closure). The
damage to the helmet can be used to work out if it was incorrectly worn or not worn at all. The investigation also has to
include whether the chin strap damage is due to the present
accident or to past stretches. The forensic contribution to

solving such a case is modest, but often decisive: injuries within
the front and side neck area with abrasions to the upper skin
layer (and maybe the thereby caused postmortal desiccations)
are a positive criterion. Since most two-wheeler collision casualties present with head injuries, a lack of intracranial injuries
imply that a helmet was worn.

62.2 Sudden death while driving
Gerhard Kernbach-Wighton
Death in connection with road traffic occurs most commonly
due to injuries sustained in road traffic accidents. However,
suicides and homicides also have to be included in the differential diagnostic process. Furthermore, sudden death at the
wheel represents a phenomenon which occurs occasionally and
may create certain difficulties as there is an overlapping of
findings caused by natural death and those from a subsequent
accident. It is often observed that a car driver who has, for
example, a heart attack is still able to stop their car, even if off
the actual road surface. They are then found sitting on the
driver’s seat with no signs of life, often with minor or even no
damage to the car (bagatelle accidents). In cases of ischaemic
heart disease the finally fatal cardiac arrhythmia is said to
develop over a period of around 2 minutes with accompanying
warning symptoms due to reduced cerebral perfusion. This
means it is often still possible to avoid a severe accident. Frequently witnesses report an unexplainable manner of driving,
such as touching parked vehicles, collisions with oncoming
traffic or the car rolling out on the kerbside. The external
examination reveals only minor or no injuries. A full post
mortem examination may also be required for insurance
purposes.
The official World Health Organization (WHO) definition
of a sudden death is someone who dies within 24 hours of
symptoms appearing. But in a forensic medical sense, most
of such persons die in minutes or even seconds after the onset
of symptoms. A sudden death is not necessarily unexpected and
an unexpected death is not necessarily sudden, but very often
the two are in combination. In the field of forensic medicine, c.
0.2–1.3% of such sudden death cases account for the group
‘death at the wheel’. Such incidents are more likely to occur in
the middle-aged group (50–60 years) compared with higher
ages. The proportion of individuals over 60 years of age makes
up only around 30% of this group. Sudden natural deaths
behind the wheel mostly originate from cardiovascular and also
cerebrovascular incidents. Epileptic seizures and diabetic dysregulations (hypoglycaemic events) are rather rare causes of
sudden deaths in cars. In cases of internal diseases it has to be
differentiated as to whether they primarily caused the death of
the car driver or led to, for example, unconsciousness resulting
in a road traffic accident. In principle, sudden death from
natural causes may occur at any time and in connection with
any occasion or any of someone’s daily tasks as well as while
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driving a motor vehicle. Such incidents may gain special attention if , for example, buses or lorries carrying dangerous goods
become involved. The vast majority of cases are due to natural
causes with the deceased not having seen a doctor recently (or
at all); the unexpectedness of the death may not allow their
medical practitioner to have any idea of the reason why death
occurred that suddenly.
Where a natural death is very rapid, perhaps virtually instantaneous, the cause is inevitably cardiovascular. Indeed, if a
person collapses and is clinically dead when there is someone
is present in the vehicle to assist him or her, this can only be a
sudden cardiac arrest as virtually no other mode of death operates that quickly. From experience, this type of collapse is the
one that may respond best to cardiopulmonary resuscitation.
Extracardiac causes, even in the cardiovascular system, are
rarely that rapidly fatal although death within minutes is also
common.

62.2.1 Cardiovascular system
Most cases of sudden death are caused by damage to the cardiovascular system even if the vessels concerned lie anatomically
in the brain or the abdomen. However, frequently the prime
cause of death lies in the heart itself with a number of symptoms affecting the coronary artery system.
In many cases the coronary arteries are involved through
stenoses of the arterial tree due to atheromatous disease. The
dangerous consequences result from the effects of reduced
blood flow to the myocardium which can lead to sudden death
in different ways. Coronary insufficiency from narrowing of the
lumen may cause chronic ischaemia and hypoxia of the heart
muscle leading to an electrical instability such as arrhythmia,
especially at moments of sudden stress such as exercise, or an
adrenaline response caused by a dangerous situation in road
traffic. From a morphological view there is no need for ischaemia to be severe enough to produce alterations of the myocardium which can make postmortem diagnosis difficult as this
represents some type of functional cause of death. Complications of atheromatous disease may worsen coronary stenoses
and subsequent myocardial ischaemia. Ulcerative plaques may
rupture, suddenly filling the lumen (sometimes completely)
with fatty substances and fibrous debris resulting in multiple
mini-infarctions depending on the plaque location or maybe
only reducing the remaining lumen further. It appears from
forensic medical experience that coronary thrombosis is overdiagnosed by clinicians as a cause of sudden unexpected death.
It is seen in less than one-third of sudden cardiac deaths but
may, of course, result in more or less instantaneous loss of
consciousness and ability to act. Thrombi are still present and
are often associated with myocardial infarcts, often easy to diagnose at postmortem examination. Myocardial infarction occurs
when a severe stenosis or a complete occlusion occurs in a coronary artery in which case the collateral circulation is insufficient
to maintain the heart muscle. If around 70% or more of the

lumen of a major branch is blocked, an infarct commonly
occurs. Evident acute myocardial infarcts do not regularly cause
diagnostic problems as they can usually easily be seen even in
cases with secondary injuries due to an accident resulting from
the driver falling unconscious. Nevertheless, it has to be kept in
mind that a visible infarct does not occur at the time of death
but the fatal effects of an infarct may appear at any time after
the ischaemic period. Contrary to this lesions in the cardiac
conducting system are difficult to diagnose and, even if detected,
it is not known whether such lesions are the cause of the fatal
arrhythmia or merely an incidental finding (functional mechanism of death). A ruptured myocardial infarct may cause sudden
death from a haemopericardium and cardiac tamponade. This
is most common in old women with a soft, senile heart muscle.
This event tends to take place 2 or 3 days after the onset of an
infarct with the necrotic myocardium becoming soft. This late
consequence of ischaemia acts like a time-bomb in a car driver
who may lose consciousness at any time following a possibly
non-apparent infarct. A late stage of ischaemic heart disease
means myocardial fibrosis; if there are large plaques on the
endocardium or in the wall of the left ventricle or septum these
may in particular interfere with cardiac function in general or
with the conduction system. Any individual showing an appreciable fibrotic area is a candidate for sudden death.

62.2.2 Hypertensive heart disease
This condition may lead to sudden cardiac death from concentric left ventricular hypertrophy, especially in situations with
additional stress which may well occur during participation in
road traffic. a morphological equivalent would be a heart considerably exceeding the so-called critical weight of 500 g (or
more than 5% of the body weight) with the muscle mass outgrowing its coronary supply even if the coronary arteries themselves are healthy. The underlying disease is often chronic
hypertension so that ischaemic or arrhythmic events become
much more likely.

62.2.3 Diseases of the arteries
The most common lesion in arteries associated with sudden
death is the aneurysm. An atheromatous aneurysm of the aorta
may develop at any point of the vessel, but large aneurysms
develop most often in the abdominal segment, especially in
elderly and male individuals. The internal surface may be ulcerated but in general many aneurysms remain intact and are
found only accidentally at postmortem examination; others
eventually rupture, especially as blood pressure rises with
increasing age. Atherosclerosis is responsible for most of aortic
aneurysms (66.5%). Medial necrosis of the aortic wall leads to
weakening of the central wall layers that may result in a dissecting aneurysm of the aorta. The influx of blood can extend such
an aneurysm downwards into the iliac and even femoral
branches, but more often upwards around the arch and into the
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pericardial sac where it can produce a haemopericardium and
cardiac tamponade. Such ruptures are said to happen in connection with blood pressure rises as they may be associated with
sudden stress originating from road traffic participation.

62.2.4 Intracranial vascular lesions
Several types of intracranial vascular alterations are important
in sudden and unexpected death at the wheel. The ruptured
berry aneurysm is a relatively common cause of sudden collapse
and often rapid death in young to middle-aged people; the
subarachnoid haemorrhage is due to a ruptured aneurysm of a
basal cerebral artery. This occurs in both men and women,
commonly earlier than the ‘coronary age group’. Berry aneurysms develop at a weak spot in the arterial wall as the person
grows older. They may be of any size from a few millimetres to
several centimetres in diameter, single or multiple. The apex is
the weakest point and can rupture, especially at any sudden rise
in blood pressure, such as from emotional stress or exercise.
Death may occur very rapidly although the exact mechanism
of death is still not completely clear. However, the most potent
factor appears to be a rise in blood pressure due to adrenaline
release following stress from different origins. As such, emotional stress from for example driving a motor vehicle may
rapidly raise the blood pressure and pulse rate, encouraging a
weakened aneurysm to burst. In about 15% of ‘spontaneous’
subarachnoid haemorrhages no aneurysm can be detected due
to the rupture having destroyed a small aneurysm or if the
aneurysm was too tiny to be detected.
Apart from an aneurysm, a cerebral haemorrhage occurring
as a sudden bleeding into the brain substance is usually common
in old age and in persons with significant hypertension. The
sudden expansion of the haematoma leads to compression or
destruction of the internal capsule. Death is mostly not instantaneous, and survival may last for any length of time. However,
cerebral haemorrhages may also account for cases of sudden
death behind the wheel of a car.

62.2.5 Respiratory system
Again being vascular, pulmonary embolism is very common
and is in fact one of the most underdiagnosed causes of death.
In a minority of cases deep vein thrombosis may result in complete blockage of the major lung vessels and subsequent death.
Twenty per cent of all pulmonary embolic events occur unexpectedly in normal, ambulant people whereas in the remaining
80% predisposing causes such as trauma or immobility can be
identified.

62.2.6 Epilepsy
In epilepsy, even a well-controlled patient may die rapidly
and inexplicably. They do not have to be exhausted from
status epilepticus, or they may even die in a single fit. Apart
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from the hazards of accidents to car drivers, the number of
unexplained deaths is only small but nevertheless a well-known
phenomenon.

62.2.7 Miscellaneous causes of
sudden death
Aortic stenosis is often seen combined with marked left ventricular hypertrophy of the heart (weight >700–1000 g); it is
generally accepted that such a heart might be in a condition to
stop beating at any time. Classically, males over 60 years are
affected by this alteration. Another rather frequent valve alteration is the mitral valve prolapse which may account for sudden
deaths in younger people. Senile myocardial degeneration occurs
as a wearing out of the heart muscle. The senile heart presents
rather small with the myocardium being soft and brown, often
with excellent coronary arteries.
Primary myocardial disease may occur, such as myocarditis
or endocarditis of different origins associated with a number
of infectious diseases. It may also be of unknown aetiology,
such as the idiopathic type with a heart mass exceeding 1000 g.
Other variants are the hypertrophic type, the dilatative type,
restrictive type, arrhythmogenous right ventricular type and
non-classifiable types. Alterations affecting the conductive
system may result in ventricular fibrillation, primarily originating from the long QT syndrome or Brugada’s syndrome. Today
rather rare is the syphylitic aneurysm which is characterised by
a thin-walled region most commonly located in the thoracic
aorta, especially within the aortic arch. The overall rating of
causes of sudden cardiac death in younger deceased persons is
given as: ischaemic heart disease 30%, myocarditis/endocarditis
25%, cardiomyopathy 20%, valvular heart disease 10%, congenital cardiac defects 5%, diseases of the conduction system
5%, tumours 1% and aortic disease/rupture 4%. A cor pulmonale may be responsible for sudden cardiac arrest in a phase of
acute decompensation. Hypoglycaemia, mostly seen in type I
(insulin-dependent) diabetics, may lead to unconsciousness
and also to death if this state remains untreated. The manner
of driving may be severely impaired, comparable to a car driver
being under the influence of alcohol or drugs.

62.2.8 Differential diagnostic aspects
Apart from sudden natural deaths, death cases at the wheel may
also represent real road traffic accidents or suicides. Suspicion
of a suicide may arise if a comprehensible cause for an accident
cannot be found (e.g. leaving a straight road, collision with
a tree or a bridge pier with the seatbelt not being fastened).
In cases of a body showing multiple injuries or possibly additional damage due to fire it is always a particular problem
to identify whether a pre-existing internal condition was the
primary cause of the road traffic incident. In cases of an obvious
patho-morphological equivalent such as a myocardial infarct, a
haemorrhage following a ruptured aneurysm or pulmonary
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embolism, the diagnostic process in uninjured or only slightly
injured persons does not cause difficulties. A major problem
may be fatal events without morphological equivalents,
so-called functional causes of death such as epileptic seizures
or stenosing coronary atherosclerosis without thrombosis and
myocardial infarct. Clarification of such cases can often only be
achieved by assessing the context of the entire case with the
inclusion of a careful technical reconstruction.

62.3 Suicide while driving
Gerhard Kernbach-Wighton
There has been an ongoing discussion about the possible connection between suicidal motivation and single-car accident
drivers. It has been revealed that around 2% of all road traffic
accidents in Europe can be regarded as suicides. Although this
number appears rather small, a single case may raise a number
of problems and might also interfere with official statistics. The
use of car collisions for suicide may therefore be considerably
under-reported. Following publications by the WHO (2005,
2009), it is seen that more than 1.2 million people die each year
due to road traffic accidents and around 20–50 million sustain
non-fatal injuries. In Europe about 127 000 deaths and 2.4
million injuries are caused each year. It has been demonstrated
that typical patterns of behaviour leading to road traffic accidents may be the result of disturbed mental activity, partly
appearing as neuroticism. A recent Swedish study found 18
suicides among 580 death cases (Ahlm et al. 2001), whereas a
Norwegian investigation showed a lower rate of six cases out of
230 cases (Alvestad and Haugen 1999). A survey from Australia
carried out in the last decade suggested that drivers’ suicides
appear to be relatively minor components of road traffic fatalities but may be underestimated (Routley et al. 2003). Suicides
were mostly male and aged 25–34 years.

62.3.1 The car as a weapon for suicide
An extensive community survey from the USA revealed that
around 15% of individuals planning a suicide had considered
using a motor vehicle road traffic accident (Murray and de Leo
2007). The corresponding figure for attempted suicides ranged
around 8%. It was evident that all attempters suffered from
emotional and/or mental problems. People planning a suicide
by car were significantly more likely to be fully employed and
to have a family compared with those using other methods.
Possible motives to choose a road traffic collision could be
expected financial benefits for the next of kin and to avoid
stigma following an apparent suicide. Other lower figures given
in the literature are 17 suicides out of 597 road traffic deaths
(around 3%) (Wyatt et al. 2011). A few extraordinary reports
exist from the USA about suicides by gunshot while driving
(e.g. Huffine 1971; Murphy 1997). Most cases involved young
men suffering from depression who shot themselves while

driving a motor vehicle on an interstate highway. In three of
the four cases each left a suicide note. The cases are used to
stress the importance of routinely performed complete autopsies in cases of fatal single-vehicle single-occupant road traffic
accidents.

62.3.2 Typical suicidal car drivers
There are clear differences in general lifestyle and personalities
between the victims of single-car accidents compared with
those of multiple-car road traffic accidents. Some of the outstanding personality characteristics in the former appear to be
lack of reflection, poor control of hostility, dependency, egocentricity and a low tolerance for tension, furthermore impulsivity
and aggressive behaviour in general are more common. Further
factors making an individual more prone to commit suicide via
a road traffic accident are marked intolerance for and aggression against any authority, often from early childhood. Additive
influences may originate from personality features such as
being more belligerent, negative, verbally expansive and hyperactive or showing depression and social maladjustment.

62.3.3 Ambiguity and certainty of
death certification
There is a long lasting controversy about single-driver road
traffic accidents with no conceivable explanations which are
highly suspicious of a suicide. An extensive study performed in
Finland during the last three decades of the 20th century
showed that the numbers of suicides and negligent drivers had
increased considerably over this period (Hernetkoski and Keskinen 1998). It has to be highlighted that single-vehicle accidents were characteristic in the group of negligent drivers and
similarly reported collisions from other investigations. A study
from Norway carried out in 2008 revealed a frequency of 4%
of road traffic deaths to be considered as potential suicides
(Bjornstig et al. 2008).
A number of researchers have stressed the need for a ‘psychological autopsy’ following the medicolegal postmortem as a
frequency of about 10–15% could be expected to represent
suicides in road traffic. Consequently, there must be a considerable number of officially unreported suicides. Such a ‘psychological autopsy’ could help to clarify the nature of a death case,
focusing on its psychological aspects in addition to the morphological findings. The main issues to be clarified appear to
be why the individual did it, how death occurred and what had
been the most probable mode of death.

62.3.4 Role of suicides among
car accidents
From experience it appears to be rather rare that single-car
accidents are certified as suicides by forensic pathologists.

1121

CHAPTER 62   TRAFFIC ACCIDENTS

However, in the fields of traffic medicine and legal medicine
there has always been considerable speculation that a certain
percentage of fatal single-car collisions are not ‘normal’ accidents but could represent suicides. Some characteristics for the
suspicion of suicide may be evidence of a troubled individual
with certain characteristics and even previous suicide attempts,
who might end up killing themselves using a car without necessarily planning the event in the sense of risk-taking behaviour.
The literature shows evidence of a 60% association between
being suicidal and road traffic accidents, with the majority of
such individuals showing preceding life-threatening behaviour
or reported suicidal ideation. Such risk-taking behaviour may
be subject to attitudes toward, for example, speed, traffic regulations, competing traffic and the action of other drivers leading
to the conclusion that ‘a man drives as he lives’. High-risk
behaviour is linked to indirect self-destructive behaviour which
can be defined as ‘a group of behaviours that is distinguishable
from overt self-destructive behaviour by the criteria of time and
awareness. The effect of the behaviours is long-term, and the
person is usually unaware of or does not care about the effect
of the behaviour’ (Evans et al. 2003).
Several studies have identified early traumatic experiences
(e.g. childhood physical abuse) to often be associated in individuals showing risk-taking and self-destructive behaviour.
Among others, the following features have been defined: undermining physical health, feelings of inadequacy, lack of future
orientation and maturity, no actions to cope with stress, lack of
communication with others and superficial relationships. It has
been found that in sub-intentioned death the deceased plays a
covert or unconscious role in hastening their own death due to
poor judgment, excessive risk-taking, recklessness, self-neglect
and substance abuse amongst others. The assumption that
certain fatal road traffic accidents may be concealed suicides
has been supported by the fact that suicidal patients were
involved in twice as many car accidents as non-suicidal patients
(whether alcoholic or not). Furthermore, there has been repeatedly highlighted the role of life events and subjective stress in
road traffic accidents (Selzer and Payne 1962; Shneidman et al.
1981).

62.3.5 Characteristics of individuals prone
to accidents and suicide
So-called ‘accident proneness’ is regarded as an explanation for
certain repetitive patterns in human behaviour. The concept of
accident proneness was introduced at the beginning of the 20th
century based on the observation that some individuals in an
industrial setting experienced more than the expected number
of accidents. However, it was noted that attempted suicides and
drivers involved in car accidents differed in personality tests
and there were also identified considerable differences between
suicide- and accident-prone individuals. Attempted suicides
were masochistic, depressive, dependent and constricted while
feeling helpless, exhausted and confused. Individuals involved

in road traffic accidents were more active, impulsive, quick and
decisive, independent and adventurous, liking excitement. In a
population of bipolar patients the following were seen more
often associated with accidents: initial mania, later hypomania
and, possibly, alcohol abuse other than a greater use of psychotropic substances (Khasia et al. 2008).
Certain life events were also identified as triggers for accidents in accident-prone individuals, with a major factor being
depression; furthermore interpersonal, vocational and financial
stressors were seen in those individuals dying in car collisions.
A considerable number of individuals were also found to have
recently moved to positions of increased responsibility. Other
triggers identified were stress-related problems with wives, children or parents making patients angry, worried or irritated
(Forster and Ropohl 1989). Apparently, accidents are often
thought to be a unique way out because life can be ended
without consciously confronting the suicidal intent as a car is
frequently used and there are very real hazards of driving.
However, other researchers did not identify personality differences between suicide attempters and survivors of severe car
collisions with rates below 2% and 1%, respectively, for frequencies of suicide (Paykel et al. 1969, 1974; Schmidt et al.
1972). Nevertheless, thorough investigations have revealed that
around 5–10% of non-fatally injured drivers had experienced
some degree of suicidal tendency in the 2 years prior to their
accidents. It appears that official statistics in particular tend to
underestimate the rate of suicidal car crashes by around 50%.

62.4 Railway accidents
Gerhard Kernbach-Wighton
Injuries caused by contact with locomotives and coaches have
special forensic medical relevance as they may occur as severe
mutilations with loss of body parts. They can be especially
observed in countries with dense railway networks and may
have changed since high speed trains have been introduced with
maximum speeds of more than 300 km/h. Railway-related
deaths are believed to account for approximately 1% of all
fatalities submitted for medicolegal autopsies. Unofficial statistics from the German railway (Deutsche Bahn) mention more
than 400 fatalities per year on their tracks (Forster and Ropohl
1989). Injuries due to railway collisions can happen on the open
but also at level crossings, both as accidents or suicidal acts.
Rare cases comprise homicides in running trains or throwing
a dead body out of the window; an unconscious or dying individual could also have been lain down on a track to kill him or
her. Other possibilities would be the disposal of a corpse of a
homicide on a track to hide previous injuries and to make
identification impossible or at least more difficult or to fake a
suicide. One main issue is therefore the definite identification
of any human body found on a railway track.
Swedish research from the last decade of the 20th century
revealed that suicide was dominate among fatal train–person
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(a)

(b)

(c)

(d)

Figure 62.15 (a) Complete mutilation of the head by contact with the front part of a train (spoiler). (b) Deep laceration and extensive
fracture of the occipital skull area (contact with a locomotive’s spoiler). (c) Partial amputation of the left lower leg with adherent axle
grease and dirt. (d) Irregular abrasion pattern over the buttocks following being over-rolled between the rails.

collisions (Rådbo et al. 2005). The incidents were evenly distributed through the months and weekdays, although most suicides
occurred during daytime while unintentional events usually
occurred at night. Most of the collisions happened in densely
populated areas and around three-quarters of the suicide
victims were waiting on the track prior to the collision.
Although there are also mass disasters as in the Inter City
Express (ICE) accident at Eschede, northern Germany, in 1998
with 101 fatalities, which was caused by derailment of a high
speed train, most deaths and injuries occur as an aggregation
of numerous individual incidents. According to forensic med
ical experience there are an appreciable number of suicides
apart from accidents at level crossings or involving children
playing on the track. There are also occasional case reports that
corpses or body parts were carried by trains over considerable
distances.

From a forensic medical point of view there is nothing specific about railway injuries although there is an unusual likelihood for extremely mutilating or amputating injuries, often
depending on the constructional features of the vehicle concerned. So the head can be smashed by the spoiler of a locomotive before the body is over-run (Fig. 62.15a, b). The body may
be found severed into a number of parts and typically also
soiled by axle grease and dirt from the wheels and track (Fig.
62.15c). The causation of injuries also relates to the relative
position between the victim and vehicle – whether standing,
lying or a genuflecting position. Where passengers fall from a
running train at a certain speed, it is not rare that multiple
injuries are seen that are caused by repeated impacts and rolling,
frequently also combined with multiple abrasions from contacts with the coarse gravel of the line ballast (Fig. 62.15d). It
is always important that a detailed documentation of the scene
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of death is performed, particularly focused on the position of
the body when discovered. The same applies to injuries found
during the autopsy in relation to the train and its parts involved
in the collision under a functional reconstructive view. Intensity
and location of postmortem lividity can give important hints
regarding extensive blood loss caused by railway-based injuries.
A livor should also be analysed for its localisations in relation
to the position the body was found in.
The main issue of medicolegal investigations of railway
deaths focuses on establishing the course of events resulting in
the fatal outcome. It is also a main issue to identify the deceased
and, of course, to examine the body thoroughly for any preexisting injuries such as bruising, abrasions or stab wounds in
contrast to those appearing consistent with the railway incident
itself. Furthermore, it is essential to identify vital signs associated with the injury pattern seen, such as exsanguination or
inhalation of blood, to be in a position to exclude foul play in
what might be the concealment of a homicide.

62.4.1 Detailed injury analysis and
general conclusions
An extensive analysis of morphological findings in fatal railway
collisions was carried out at the Bonn Institute of Forensic
Medicine (Driever et al. 2002). A survey on 38 death cases
revealed that in 10 of them the victim was hit in an upright
position, in 11 the victims were lying outside the track and 13
were knocked down and over-run on the track. According to
police investigations, 21 people committed suicide while 10
died due to accidents. It appeared that there was a preponderance of being rolled over in a lying position, which is indicative
of suicide. In accidents it was more commmon for the victim

Table 62.1 Morphological correlations between positions of the
body at collision and expected injury patterns.
Reproduced with permission from Driever et al.
(2002), © Elsevier.
Collision position

Related injuries

Vertical (rebound into
embankment)

Preference of one side of the body
Particularly fractures of the axial
skeleton
No amputations of limbs

Vertical (rebound under
train)

No significant differences to lying
between the rails

Outside the track
(without decapitation)

Fractures of the skull top
Single fractures of the limbs
No amputations of the limbs
No extracranial organ lesions

Outside the track (with
decapitation)

Smashing of skull top and base
Fractures of ribcage and clavicles
Extracranial organ injuries

to be in an upright position. In cases of primarily being overrolled in a lying position, the most relevant injuries were
opening of body cavities, severe organ lesions and also amputation of body parts.
It is noteworthy that the older literature claimed that only
straight decapitation with a lack of injuries (e.g. to the arms)
should be seen as typical for suicides (e.g. Mueller 1975b).
Multiple fractures and extensive drag injuries were considered
to be typical for individuals who were knocked down accidentally by a train. A previous and thorough analysis of statistical
data of more than 200 fatal train incidents highlighted that
being over-run on a railway track in a lying position appears
highly indicative of suicide. However, it has to be remembered
that people often commit suicide by throwing themselves in
front of a train or by exposing themselves in a standing position. For example, patients in a psychiatric hospital in Lower
Saxony, Germany, tended to run into a dark tunnel where they
expected to be hit by an ICE running at 250 km/h. Railway
incidents with isolated decapitation were considered highly
indicative of a non-accidental course while extensive hit injuries indicated an upright position consistent with suicide or
accident. Furthermore, amputation of the arms was thought to
point to the involvement of a third person. Postmortem examinations should therefore aim to verify criteria enabling a differentiation between accident and suicide and also take into
account possible correlations between railway-related injuries
and speed at the time of the accident (Tables 62.1 and 62.2).
A rather different picture is drawn by a study from Cape
Town, South Africa, performed at the end of the 20th century
(Lerer and Matzopoulos 1997). Of 379 railway-related deaths
investigated, 27 involved pedestrians and commuters hit while
crossing a track. Another 38 persons were also commuters who
fell from moving trains, 32 incidents were identified as suicides,

Table 62.2 Morphological correlations between train speeds and
injury patterns in case of collision between the rails.
Reproduced with permission from Driever et al.
(2002), © Elsevier.
Speed range

Related injuries

<80 km/h

No loss of body parts or organs
Ruptures of liver/spleen
Unopened body cavities

≥80 km/h

Brain evisceration
Destruction of liver/spleen
Opening of one or two body cavities

≥100 km/h

Dismembering of the body
Opening of two or three body cavities
Loss of single parts of the limbs
Abdominal evisceration

About 160 km/h

Loss of parts of the trunk

About 250 km/h

Extreme destruction of the body
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while a further 43 fatalities were the result of criminal violence
on trains or at railway stations. Most railway fatalities were
observed among men aged 25–44 years with around 50% of
them occurring at peak commuting times. Blood alcohol levels
exceeding 1.0‰ were detected in 35% of the individuals dying
while crossing a track or falling from a running train.

62.4.2 Results of postmortem surveys
It can be expected that among railway fatalities males are overrepresented, making up approximately 80% of the victims. Ages
in the Bonn research ranged between 12 and 76 years with most
females (average 43 years) being in their fifth decade and most
males (average 40 years) in their third or sixth decade (Driever
et al. 2002).
It has shown useful to classify the hit positions with the following impact types: upright, outside the track, inside the track
and ‘other positions’. In the Bonn survey, 10 of 38 persons were
knocked down in an upright position and consecutively five of
them were slung under the train and another five thrown aside
to the embankment (Fig. 62.16a). Eleven bodies were injured
while lying beside the track with eight of them showing decapitation; 13 persons were found hit while lying between the rails
with three of them over-run and 10 being over-rolled (Fig.
62.16b, c). Other constellations were, for example, squatting
with the neck bent anteriorly, being squashed between the train
and the platform and also isolated over-rolling of the trunk.
The most common mechanism of death was ‘multiple injuries’
in 28 and decapitation in 10 cases. Police investigations qualified 21 cases as suicides and another 10 cases as accidents.
The following classification has been shown to be helpful:
(i) comprehensible motive for suicide (e.g. severe hopeless
illness, depression, debts, long-term unemployment, grief); (ii)
farewell note or preceding suicide attempts; and (iii) person
witnessed by the train driver standing upright or walking onto
the track. Characteristics for accidents are in contrast: (i) lack
of a motive for suicide; (ii) frequently severe alcohol toxicity
and typical locations (e.g. taking a shortcut over the railway
track); and (iii) uninvolved persons as witnesses (tussle on the
platform, urinating at the track, industrial accidents).
There may always be cases which cannot be classified unequivocally, as seen in seven cases in the Bonn study. It was
apparent in the Bonn study that almost all the women committed suicide, with four of them being decapitated while lying
outside the track, another two entering the space between the
rails and consecutively hit in an upright position and one being
over-run while lying between the rails (Driever et al. 2002). For
men, the most frequent positions in accidents (n = 10) were
being upright, followed by over-rolling in a lying position and
falling inside or onto the track as well as being squashed between
the train and the platform. In suicides over-rolling in a lying
position was far more frequent than upright contacts (c. 3 : 1).
Furthermore, decapitation was only seen in suicides, and being
squashed between the train and the platform solely happened

(a)

(b)

(c)
Figure 62.16 (a) Body of a male thrown on to the embankment
after being over-run by a train. (b) Complete amputation of both
legs (thighs) due to a lying position on the track. (c) Almost
complete horizontal dismembering of a female (abdominal
region, lying position).
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in accidents. Seven deceased were found intoxicated with blood
alcohol levels ranging between 1.27 and 2.81‰. Tables 62.1 and
62.2 give an overview of typical railway-related injuries in relation to varying speeds and positions of the body at collision
(Driever et al. 2002).
Another study from India on 88 railway-related deaths from
the last decade of the 20th century focused on specific patterns
and distributions of injuries (70 males and 18 females)
(Mohanty et al. 2007). The majority of victims were within
the age group 21 to 40 years. Death was due to accidents in 71
cases while the remaining 17 cases were suicides; 46 of the
accident victims were found to be pedestrians with 35 being
illiterate and only two of them having consumed alcohol.
Decapitation was more common in suicidal deaths and the
head was identified as the region most commonly involved in
railway accidents.
(a)

62.4.3 Characteristic injury patterns
Collision with a person in an upright position
It appeared that almost all victims who were thrown to the side
of the track were mostly injured unilaterally (Driever et al.
2002). Predominant injuries were seen as patterned impact
abrasions and fractures related to the location(s) of the
impact(s). Bony injuries mainly affected the axial skeleton, particularly the head and trunk, involving most frequently the
ribcage and pelvis. As a consequence of an upright collision, the
upper and lower limbs were only rarely fractured with few
amputations. Severe lesions of the internal organs frequently
comprised brain contusions and ruptures of parenchymal
organs such as the liver, lungs, spleen and kidneys. It appears
particularly difficult to establish some correlation between the
type and severity of organ injuries and train speed as this often
cannot be ascertained. Furthermore it has to be highlighted that
injuries from collisions in an upright position followed by overrolling do not differ from injury patterns found on bodies
primarily over-rolled in a lying position (Fig. 62.17a). Under
forensic medical aspects this may create considerable difficulties for a functional reconstruction.
Summarising, collisions with persons in an upright position
on a railway track are likely to cause extensive blunt force
impacts with severe internal injuries originating from the
surface relief of the train’s front, whereas external injury patterns may provide only minor injury findings. Persons hit in an
upright position and slung onto the embankment can often be
assigned to this subcategory based on lateralisation, the presence of the main injuries over the trunk and head, and a lack
of amputations. Individuals slung under the train following an
upright collision are very likely to sustain numerous blunt force
and semi-sharp secondary injuries such as fractures and amputations of limbs. It can be very difficult if not impossible to
decide whether such lesions could have been caused by overrolling only or in the first instance.

(b)

(c)
Figure 62.17 (a) Damage to a shoe sole with penetration of the
big toe through the leather, originating from a male knocked
down on a track in an upright position. (b) Extreme destruction
of a body into multiple parts (high speed train collision). (c)
Typical amputed lower leg (lying position of the victim).
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Collision with a person lying outside the track
If an individual is lying outside the rails, the lateral parts of a
train can still cause major injuries for example by contact with
the person’s head. If there is no decapitation, then amputation
of limbs and lesions to the extracranial body parts cannot be
expected either. Apart from injuries to the coronial area of the
head, speeds exceeding 80 km/h are likely to result in open
lesions to the cranium with evisceration of the brain and
varying fractures to limbs and trunk. A complete separation
between the skull and cervical spine is likely to occur at train
speeds of 100 km/h and over, and in the majority of cases
decapitation is observed combined with extensive fractures of
the whole skull, sometimes together with fractures of the upper
ribcage and clavicles. Such deceased persons often also have
fractures of single limbs (elbows, upper legs). Extracranial injuries may also include ruptures of the aorta and liver, in particular, occurring at train speeds below 60 km/h.
Railway incidents involving persons outside the track particularly result in severe head injuries with the degree increasing
related to train speed and size of impact areas. Repeatedly, the
locomotive’s spoiler has been identified as causing specially
patterned injuries if the head was close to the rail and slung
away in the collision. In cases of decapitation, in most of the
cases the upper axial skeleton (ribcage and spinal column) is
also found to be injured. However, it appears that the number
and extent of such secondary injuries decrease with increasing
speeds (over 60 km/h). This physical phenomenon of inertia
can be explained by a reduced mechanical impulse transfer at
higher speed differences.

Collision with a person between the rails or in
other positions
It appears that this group of victims sustain mostly fractures to
the head and all limbs. However, it is always difficult to assign
intensities and localisations to certain speeds. Due to incongruence, amputations do not usually allow further conclusions to
be drawn on train speeds. However, it is likely that organ lesions
and loss of body parts show some degree of higher validity in
such conclusions. Speeds below about 80 km/h are not likely to
cause loss of body parts or organs, but occasionally the cranial
cavity is opened. Open fractures of the skull can regularly be
expected as a result of speeds exceeding this limit. Furthermore,
over-running without amputations can be expected to occur
only rarely and mostly in connection with train speeds below
100 km/h. Speeds exceeding this threshold are likely to cause
opening of two or three body cavities, sometimes with all intestines being removed from the abdomen and also loss of limb
parts. At speeds of more than 160 km/h, as with high speed
trains (e.g. the ICE), even parts of the trunk such as the pelvis
can be found shattered into numerous parts and the integrity
of the body can completely be destroyed (Fig. 62.17b, c). Persons
knocked down in a squatting position often show mechanical
impact by the front of the locomotive mostly affecting the skull

with severe damage, whereas individuals squashed between the
train and the platform mainly show involvement of the thorax
and abdomen.
Different types of injury with a frequently fatal outcome
may involve railway workers dealing with shunters, who are in
danger of being squeezed between the buffers of two coaches
while uncoupling rolling stock. The thorax may be completely
crushed, but persons sustaining lesser degree injuries may still
die from ‘traumatic asphyxia’ as respiratory movements may be
prevented by external pressure. Furthermore, on electrified
lines, death may also be caused by electrocution, either from
live rails (e.g. in underground trains the voltage is often in the
region of 600 V) or working close to overhead live power lines
(in Germany c. 15 000 V AC).
Summarising, extensive contact with the train’s lower parts
and the track itself are responsible for the causation of extensive
and severe injuries. Amputations of limbs or parts of them are
to be expected to occur regularly at speeds over 100 km/h
although it is normally not possible to identify characteristic
localisations of such injuries. It appears from forensic medical
experience that it may sometimes be possible to identify likely
correlations between the velocity of the train and the number
and extent of injuries. In individual cases it may also be possible
to draw careful conclusions from the mode of opening of body
cavities and from organ lesions and loss of body limbs (see
Table 62.1).

62.4.4 Conclusions
It is well known from forensic medical experience that being
knocked down or over-rolled by railway vehicles is very likely
to cause severe injuries, often in combination with the loss of
limbs and even decapitation. The main causal mechanisms are
blunt force impacts by parts of the train front and semi-sharp
forces due to over-rolling by the train’s wheels. It happens frequently that adhering dirt and technical grease can be found
on a body.
The gender relationship found in train accident fatalities can
be expected to be in the region of 4 : 1 male : female. Age distribution has appeared to move to older individuals during the
last few decades although this may be a result of an increasing
average age of the population. The proportion of railway suicides can be expected to be around 5–6% among males and 4%
for females.
Regarding functional reconstruction it has been repeatedly
shown to be impossible to carry out a satisfactory discrimination between suicide and accident in cases where the victim was
upright at the collision. Nevertheless, it appears to be strongly
indicative of a primarily suicidal intention if the body was
over-rolled.
It has always to be kept in mind that rare cases may be characterised by falling onto or between the rails followed by overrolling caused by impairment due to alcohol and/or drugs.
Decapitations have also been found to be highly indicative of
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suicides compared with accidents. A fairly high diagnostic
validity can be derived from crush traumas of the trunk without
head injuries. If a complete postmortem examination is carried
out it will mostly be possible to determine the collision type in
question from the injury pattern separated into primary injuries and secondary ones (e.g. due to over-rolling). It has also
been found to be helpful to have reports of the transport police
to hand to correlate injury findings with the results of police
investigations.
Numerous studies on injury patterns of railway bodies have
made clear that the occurrence of lesions is not only determined by collision type but also considerably by the position
of a body in relation to the railway track and the intensity of
the mechanical impact originating mainly from the train’s
velocity. Establishing such correlations requires as a prerequisite a detailed postmortem examination carried out over the
front and back of the corpse, including photographic documentation. Train speeds at the collision time can often be investigated by the transport police or by questioning the train driver
as an important witness; they may also be derived from speed
limits at the collision site or from ‘typical speeds’ at this location. It is interesting that even if the emergency brake system
had already been initiated, the speed at the collision point is
very likely not to be considerably different from the previous
driving speed. Train drivers have agreed that there is usually
only a very short period of time between the moment of realising a person is on the track and over-running him or her.

62.5 Aircraft accidents
Gerhard Kernbach-Wighton
A book chapter cannot cover the whole range of pathology of
injuries and deaths due to involvement of different aircrafts.
Two major case groups can be differentiated: (i) occupants of
small, light planes; and (ii) high density crew and passengers of
large commercial airliners. Furthermore, there are several subgroups such as military aircrafts with alterations (e.g. ejection
seats), helicopters, gyrocopters, ultralight aircrafts, hot-air balloons and parachutes. The causes for aircraft-related fatalities
lie in most of the cases within the ‘human factors’ area. Depending on individual experience (Air Forces and scheduled airline
services versus private air men and women), the frequency of
aircraft crashes due to ‘human factors’ is estimated to range
from about 66% to 88%.
A study from Lower Saxony in Germany (1979–1996)
revealed a total of 96 aviation accidents involving 73 aeroplanes
(Ast et al. 2001). The crashes resulted in the death of 154 individuals ranging in age from 19 to 68 years. Most of the victims
died in single-aircraft crashes (n = 7). Other types of fatal accidents were crashes of aircrafts and helicopters while on the
ground (n = 5), hot-air balloons (n = 2), parachutes (n = 10),
hang-glider accidents (n = 5) and a bystander being struck by
a model aeroplane. Autopsies were performed on 68 of the 154
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victims (44.2%), including 39 of the 73 pilots (53.4%). Some
of the postmortem examinations revealed findings relevant to
the cause of the accident: gunshot wounds, the presence of
alcohol or drugs in the blood or pre-existing diseases such as
significant coronary atherosclerosis or immunocytoma.
Aircraft accidents mostly involve rather high velocities
resulting in extensive destruction of both individuals and aircraft. The severity of physical injuries caused by aircraft accidents can be of any degree, type or extent. Exceptional injury
patterns may result in cases of victims where there is decompression of a large aircraft cabin occurring at high altitude
when persons may also be sucked out of the plane and fall to
their death. Those remaining in the aircraft may suffer so-called
barotraumas from sudden pressure reductions, especially
affecting the lungs and gastrointestinal system, and of course
hypoxia. There may also be physical damage from being thrown
out the aircraft cabin by turbulence or aircraft instability.
Hypoxia incidents occur most commonly at altitudes of less
than 5800 m (19 000 feet) so it is not just a problem of high
altitude. Hypoxia represents a serious threat to aviators and can
result in fatalities. There is also a risk to aircraft of being struck
by lightning or triggering lightning by flying through clouds.
Commercial and private airplanes have been struck, with resultant deaths and injuries to passengers and crew. The National
Transportation Safety Board (NTSB) in the United States
recorded 40 lightning-related aircraft accidents from 1963 to
1989, with 10 commercial airplane accidents, four of which
were associated with 260 fatalities and 28 serious injuries. There
were noted 30 private aircraft accidents accounting for 30 fatalities and 46 serious injuries. For the time period 1979–1989, the
NTSB reported 10 persons having committed suicide by aircraft
crashes. A further 20 aircraft crash fatalities were also reported
in which the intent of death could not be determined as either
suicide, homicide or accidental. White middle-aged males
accounted for the majority of deaths operating small fixedwing aircraft.
When an aircraft hits the ground, the consequences will
naturally depend upon the speed and angle of the impact.
When it is very severe, all passengers may be killed solely by
deceleration trauma or due to multiple injuries caused by the
seats being ripped from their mountings or from pure disruption of the fuselage. In less intense impacts the results may be
similar to those seen in motor vehicle crashes, although injury
patterns usually tend to be more severe. However, the biomechanical principles of road traffic collisions apply accordingly.
If biomechanical basics are introduced depending on the actual
case such investigations may contribute largely to the reconstruction of an incident. The usual seatbelt, the so-called lapstrap, offers little protection in anything but the most minor
accidents. Furthermore, fire is one of the most dangerous
hazards in aircraft crashes and accounts for many deaths. In
light aircraft crashes, the velocity is usually lower than in large
commercial airplanes; however, the outcome is often also fatal.
The investigation of air accidents is a typical task for specialist medical personnel who are often called in from the national
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Air Force or from a civil authority such as the Federal Aviation
Office (Luftfahrt-Bundesamt) in Germany, located at Brunswick airport. Air crash investigations usually represent an interdisciplinary challenge for technical experts (air traffic control,
meteorology, jet engines, flight recorder, questioning of witnesses) as well as for medical experts (forensic pathologist,
specialist in aviation medicine, psychologist).

fatalities/accidents in 1990 and 2004, respectively, and the use
of these substances was determined to be the cause of 13 and a
factor in 50 of the 338 accidents with the blood levels ranging
from subtherapeutic to toxic. Other American research from
2000 to 2006 on 2184 fatal aviation accidents found 26 of the
corpses were positive for compounds from both the antiemetic
and the sedative drug classes (Botch and Johnson 2008).

62.5.1 Examination of the scene of
the crash

62.5.3 Postmortem examination and
dissection techniques

The forensic medical work commences as soon as the emergency crews have left the scene. Forensic work should therefore
have the scene as its starting point. It may be difficult to retrieve
bodies without causing alterations to the internal technical
parts of the cockpit so that it is important to have sufficient
collaboration with the technical experts from the beginning. Of
special importance is the question who piloted the aircraft at
the time of the incident. Among private pilots in particular
there has been reported a considerable number of breaches of
the rules regarding the seating position of the pilot in charge
(left versus right side).
For identification purposes regarding the seating positions,
routine samples of biological traces such as hairs, blood and
tissues have to be taken from all relevant parts of the cockpit.
Remnants of food and drinks have to be secured as well as the
contents of ashtrays. As the pilot and co-pilot will routinely be
subject to toxicological analyses there should be kept in mind
a possible contamination of the bodies by fuel, de-icing or
extinguishing agents. Kerosene additives and propeller de-icers,
as well as rain repellents in some cases, may contain considerable amounts of alcohol.

The examination of a body has to commence with a detailed
and comprehensive description of all external changes. Documentation of dermal injuries is the main purpose of the external examination of a body. It cannot be stressed enough that
patterned abrasions and bruises, even if they look very banal,
may later be the clue for reconstruction. Photographic documentation should start with photos of the fully clothed body,
then the entire naked body surface including the buttock region
and the foot soles. Patterned and extraordinarily shaped alterations should be recorded with a scale. Where they are excised
and fixed in formalin or by deep freezing, marks showing millimetres and centimetres should be carved into the surface prior
to fixation to avoid shrinking interferes with the original scale.
Apart from this, ring-like plastic material keeping the shape can
be used prior to excision. Foreign parts from injuries such as
particles of paint, glass or other materials also have to be documented and then retained. The back and the palm regions of
each hand must be photographed with the fingers being straddled (scale 1 : 1). X-rays of the hands are obligatory in order not
to overlook fractures during subsequent preparation. Skin
lesions which might originate from worn safety belts have to be
subjected to analysis of the abrasion direction in order to
retrieve information about the dynamics of the chronology of
the crash. In cases of Air Force accidents or involvement of, for
example, emergency helicopters the neck should be examined
for marks originating from helmet straps; jet crashes require
further examination focused on marks caused by the oxygen
mask and helmet visor.
It is not rare that a thorough inspection of a body reveals
tooth marks or hair on or adhering to the lower arms. This
might result from lifting the arms up at the moment of ground
contact and is often interpreted as a sign of vitality showing
that the victim was still able to act at that moment. Another
vital sign may be the so-called ‘caltrops’. An examination of all
clothes including shoes and other equipment such as pressure
suit, mask and helmet complete the collection of external
findings.
The internal examination has to focus on a detailed description of all fractures, often combined with retaining bones for
maceration to be in a position to analyse fracture systems as
exactly as possible. This rule does not only apply to fractures of
the skull and long bones but also to fractures within the wrists
and the entire hand to identify so-called ‘control stick injuries’.

62.5.2 Toxicological aspects
A number of studies have been carried out on the influence of
central depressant agents in pilots. Research from the USA
(1985–1994) dealt with 337 aviation-related fatalities including
111 pilots, with alcohol testing being performed on 91% of the
pilots and 72% of the non-pilot occupants (Li et al. 1998).
Overall 12% of the victims tested for alcohol (7% of the pilots
and 15% of the non-pilot occupants) had blood alcohol concentrations (BACs) ranging from 0.2‰ to 1.4‰. All four
victims with levels exceeding 1.0‰ were pilots (age range
20–29 years) who were fatally injured in night-time general
aviation crashes. First generation H1 antihistamines were the
subject of research from Turkey in 1990–2005 (Sen et al. 2007).
An analysis of 5383 fatal aviation accidents found 338 incidents
with pilot fatalities to contain brompheniramine, chlorpheniramine, diphenhydramine, doxylamine, pheniramine, phenyltoloxamine, promethazine and triprolidine. Antihistamines
were detected alone in 103 fatalities, while other drug(s) and/
or ethanol were also present in an additional 235 fatalities.
Antihistamines were detected in about 4% and 11% of the
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It may also be necessary to open the great joints so as to not
overlook chisel fractures or axial compression within the cartilage area. A preparation of the ligament apparatus can usually
be limited to the knees and ankle joints.
A preparation of the back and all limbs also forms part of
an air crash investigation, as well as possibly retaining the cervical spine for later detailed examination. An anatomically exact
preparation of both hands has to focus on haemorrhages within
the subcutaneous tissues and in the muscles between the thumb
and index finger. Such bruises may be indicative of having had
the control stick (right side) and the power lever (left side,
military jets) in the hands.
The postmortem examination also has to focus on relevant
pre-existing diseases (e.g. affecting the cardio-vascular system).
A study of 764 pilots involved in fatal general aircraft accidents
during 1975–1977 focused on the age-specific prevalence of
coronary atherosclerosis; 51% of the pilots killed were found to
have some degree of coronary artery disease ranging from
minimal to severe (Booze et al. 1981). However, only about 5%
were categorised as having severe atherosclerosis. The rate per
1000 of severe coronary atherosclerosis cases increased with age
from 14.5 for ages less than 30 years to 89.9 for ages 50 years
and above. The rate nearly tripled from ages 30–39 to 40–49
years (22.1 to 63.6). It is also notoriously difficult to identify
acute myocardial ischaemia at autopsy, although various pathological markers may strongly support a diagnosis of it occurring
just prior to the crash. Microscopic examination of the hearts
from fatal air crash occupants was compared with a control
group of suicidal hanging deaths in Australia (80 air crash
fatalities, 44 suicidal hanging controls), assessing the presence
and extent of contraction band necrosis-type lesions which
were seen in the left ventricular myocardium of both study
groups (Duflou et al. 2006). There was no significant difference
between the contraction band score for the two groups although
widespread contraction banding was significantly more
common in air crash victims. No significant difference existed
between contraction banding in victims of impacts without a
post-crash fire compared with those in crashes with a postcrash fire. Altogether, contraction band necrosis-like lesions in
isolation should not be considered as evidence of acute myocardial ischaemia in cases of massive trauma. Severe trauma,
possibly as a result of sudden stretching of the cardiac myocytes, may cause microscopic lesions that are indistinguishable
from contraction band necrosis.

62.5.4 Biomechanical aspects of
reconstruction
Reconstruction procedures in an undamaged cockpit of the
same type may offer considerable help in answering the question of how an air crash incident happened. But it is an essential
prerequisite that such reconstruction attempts are carried out
with the assistance of a well-experienced pilot. The picture of
a so-called ‘iron virgin’ may help to reconstruct the movements
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of a body during a crash when it is pressed towards the relief
of the cockpit with all its instruments and switches, etc., leaving
possibly characteristic impressions or specially shaped injuries
on the surface of a body. The positions of such formed lesions
in connection with certain structures of a cockpit may offer
considerable help for the reconstruction of body position and
movement at the moment of the crash-induced impact. Deceleration at the time of contact with the ground may release
extreme forces which might cause the abdominal wall to be
moved forward in a balloon-like way and therefore coming in
contact with the control stick. An impression originating from
such a contact can mislead the interpretation as it may look as
though the control stick had been pulled at the moment of the
impact. Forces caused by deceleration also affect the head (e.g.
loss of the helmet) and the hands. If the latter are not fixed at
the control stick or the power lever they may be flung forward
in the direction of the crash, sometimes showing injuries congruent to the surface relief of the cockpit with its instruments
and other technical equipment. Such combined patterns of
injuries and the according impressions of instruments may
enable the investigator to identify the ‘coordinates’ of the hands
during the crash phase.
Foot soles and shoes may show differing traces of the rudder
pedals on either side which might indicate that one pedal had
been pushed at the crash time. However, such conclusions may
only be allowed if the pilot wore rather light shoes (e.g. in glider
pilots), whereas traces seen on the heavy boots worn by Air
Force pilots are expected to be of less significant value.

62.5.5 Ejection injuries
The question of whether the pilot tried to eject himself from
the aircraft during the crash phase can be answered by technical
experts in most cases. If such issues should also be dealt with
by the forensic pathologist he or she should investigate the different ignition systems that might be responsible for a range of
injuries (ripcord between the legs, above the head, within the
armrests, etc.). Fracture patterns of the long arm bones often
allow conclusions regarding their positions during ejection.
Details about the ejection mechanism are essential as a range
of different injury patterns might be caused on the body (ejection following launching the cockpit roof, sometimes shot
through the roof or destruction of the roof by integrated explosive charges).
A study from the USA from 1996 on 199 ejections revealed
some type of injury in 111 (56%) of all individuals involved
(Edwards 1996). Severe injuries occurred in eight (4%) persons
including four (2%) fatalities. Back injuries were seen in 44
(22%) victims, and eight (4%) involved spinal fractures.
Although no significant risk factors were identified for ejection
back injury, weight and height were statistically significant risk
factors for severe injury and spinal fracture, respectively.
Aircrew with severe injuries were heavier (average weight 88 vs.
79 kg). In addition, taller aircrew (185 vs. 180 cm) were at
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increased risk for any spinal fracture. Extensive epidemiological
research from Japan on the Japanese Air Self Defence Force over
the second half of the last century (1956–2004) involved 140
cases, 32 (22.9%) of which induced fatal injuries, 13 (9.3%)
major injuries, and 95 (67.9%) no injuries (Nakamura 2007).
A fatality rate of almost 23% was considered to be the highest
found in similar studies with the most significant reason for it
being the delay in the decision to eject, accounting for approximately 40% of deaths. The tendency to delay the decision was
observed across all the time periods studied. Fuel exhaustion
due to changeable weather was cited as a reason for ejecting at
a higher rate than in other countries.

62.5.6 Miscellaneous aerial vehicles
Helicopters form an integral part of rescue systems in many
countries. Currently, around 100 000 helicopter emergency
medical service (HEMS) missions for patients are undertaken
in Germany each year. During the period analysed (1970–2009),
a total of 1.698 million HEMS missions were flown by a mean
of 50 ± 27 helicopters (Hinkelbein et al. 2011). All missions
resulted in a total of 99 accidents with a mean of 2.4 ± 1.7
accidents per year. The accident rate was 0.57 per 10 000 missions and the fatal accident rate was 0.11. Some 64% of missions did not result in any injuries to occupants, whereas 19.2%
were fatal. From the accidents analysed, 43.4% were due to collision with an obstacle during landing, take-off or hovering.
Landing was the phase of flight most often associated with
accidents (44.4%). A comparable study on medical helicopter
operations from the USA (1993–2002) analysed 84 accidents
involving 260 persons (passengers, patients, crew, pilots),
revealing 72 fatalities and 64 injuries with an incidence of 0.86
fatalities per accident (non-fatal injuries: 0.76) (Bledsoe and
Smith 2004).
Gyroplanes (autogyros) are regarded as a relatively safe and
stable type of general aviation aircraft. A study from the Netherlands for the period 1985–2005 yielded 223 gyroplane accidents, showing a strong effect of pilot experience on crash
outcomes (Pagán and de Voogt 2008). Compared with experienced pilots, crashes involving pilots with less than 40 flight
hours were five times more likely to involve loss of control,
twice as likely to destroy the aircraft, and four times more likely
to involve fatalities. Contrary to this, crashes involving pilots
with more than 40 flight hours were more likely to be related
to perception-based performance breakdown.
Ultralight aircrafts may also be involved in aviation crashes
as shown by research from the USA for the period 1981–1985
revealing five cases, raising the issue of safety and the question
whether people should be allowed to fly them (Copeland 1987).
Despite an increased popularity of hot-air balloon flight,
data on injuries and fatalities associated with crashes are
limited. A US study from 1998 on the period 1964–1995
revealed 495 hot-air balloon crashes involving 1533 persons
with 92 fatalities and 384 serious injuries (Cowl et al. 1998).

Pilot error or incapacitation was determined subjectively by
crash investigators to contribute to 85.1% of the crashes. Collision with the ground was the most significant predictor of a
fatality or serious injury, and power line contact was the most
significant predictor of fatality, with only the type of object
struck by a balloon predicting a fatal crash with fatality or
serious injury.
As military parachuting is relatively safe, fatalities are rather
rare and most injuries involve vertebral bodies or the lower
limbs. A study from the USA on 49 military parachute accident
fatalities occurring from 1964 to 1989 showed the following
causes: accidental deployment of reserve parachute in aircraft,
static line failures and entanglements, equipment (canopy) failures, in-air collisions, landing injuries, drowning and dragging
(Mellen and Sohn 1990). Rarely, pre-existing illness such as
coronary artery disease caused or contributed to an accident.
Pathological findings revealed a high proportion of deceleration and blunt force injuries such as cardiac, aortic and liver
lacerations, and skull, pelvic and limb fractures. Isolated head
injury, strangulation and post-traumatic pulmonary embolus
were occasionally noted. Toxicological examination demonstrated contributing factors such as alcohol intoxication or
antihistamine use in a small number of cases.

62.6 Mass disasters
Gerhard Kernbach-Wighton
Mass disasters can be defined as the consequences of acute
destruction and damage due to unpredictable effects of massive
physical or chemical impacts with special severity and extent.
According to a current definition, a mass disaster comprises a
number of fatalities exceeding 100. There are numerous events
that may result in catastrophes such as incidents in nature and
civilisations originating from. for example, fire, water, soil,
explosions, gravity, collisions, derailing, electricity, radiation
and poisons. The most common causes for catastrophes can be
listed as follows: thunderstorms, floods, storms, earthquakes
and seaquakes, volcanic eruptions, landslides, snow- and mudslides, dam breaks, irruptions of water and gas in mines, traffic
accidents involving aircrafts, railways, busses or vessels, mass
poisoning due to industrial accidents or foodstuffs, epidemics,
radioactive contamination by nuclear reactor accidents, panics
during major events or wars. Some geographic preconditions
such as tropics or moderate zones, incidents on islands or close
to river valleys, altitude or seismic areas determine the possibility that catastrophes may occur; the degree of industrialisation
in civilisations is also important.
The investigation of major disasters such as air crashes with
numerous people killed appears to be one of the main aspects
of mass disaster planning involving clinicians, pathologists,
forensic experts, dentists, police, hospital administrators and
others. Every city, county or state should have pre-existing
catastrophe plans in place for immediate use, especially if there
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is an airport, harbour, oil refinery, chemical plant or even major
railway or motorway within their area of jurisdiction. Prestructured plans for access to disaster sites, evacuation, hospital care,
blood transfusion, radiography and other services must be in
place beforehand.
One major aim of forensic and criminological investigations
is to establish the cause of the catastrophe. This includes a wide
spectrum of medicolegal examinations including toxicological
and other associated analyses (e.g. focused on foreign bodies).
If there are numerous victims this might exceed the capacities
of institutes of forensic medicine so that other storage places
for bodies would have to be organised in collaboration with the
police and other investigating authorities in order to avoid
decomposition changes. The storage of bodies under appropriate cooling conditions, in particular, may represent a major
challenge so that portable cooling aggregates or the use of ice
rinks may be an option. The provision of premises to perform
identification and other postmortem examinations with appropriate autopsy tables, lighting, storage and X-ray devices may
also be required. Medicolegal experts should make themselves
familiar with available experiences and methods to be adequately prepared for the responsible task of identifying victims
in a disaster.

ing photographic documentation of the finding place. As far as
possible single body parts should already be matched with
bodies.
In cases of deceased, mutilated bodies or dismembered body
parts the forensic pathologist has to focus on two main issues:
firstly, to document all findings that can be used for identification purposes, and secondly to secure all particularities in collaboration with other investigators which may assist with the
reconstruction of the incident and determining the cause of the
catastrophe. It appears important that all bodies and body parts
should not be removed from the scene until all details of the
location have been described and photographed, for example
craters in the earth, metal parts, instruments, broken glass, etc.
Only after the emergency medical teams have satisfied themselves that all living survivors have been removed for treatment,
should the position of every corpse and body fragment be
marked on a schematic diagram, numbered with a unique code
and photographed prior to removal.

62.6.1 The doctor’s tasks

One of the first steps is to look for a suitable location in order
to store the bodies appropriately. Examination of bodies and of
body parts thereof requires premises with good light and a
(provisional) autopsy table, possibly a room at a cemetery if the
bodies cannot be transferred to an institute of pathology or
forensic medicine. In the case of soldiers, identification may be
alleviated by medical records including individual and dental
particularities. In Germany there exists a commission for
identification (Identifizierungskommission (IdKo)) with the
National Criminal Intelligence Service (Bundeskriminalamt) in
Wiesbaden which has frequently worked overseas to assist in
cases of mass disasters. The IdKo has very good logistics available especially regarding electronic matching of identification
data. Furthermore, they are in a position to call in quickly
further specialists such as forensic pathologists, odontologists,
dactyloscopists and specialists for jewellery. Comparable commissions exist in Great Britain, France, the Netherlands, Scandinavia, Israel and the USA. Commissions established on behalf
of the United Nations have been engaged in Bosnia (1998) and
Kosovo (1999) in connection with the identification of victims
of war crimes. There is furthermore a permanent committee of
the Disaster Victim Identification (DVI) Team, established by
all member states of Interpol, with regular annual meetings.
One of the main tasks of the forensic pathologist in mass disasters is to provide support regarding the identification of
victims. Extensive trauma can represent a major obstacle for
direct identification of a deceased by the next of kin.
Interpol (1984) has issued a handbook regarding identification procedures in cases of mass disasters, providing instructions for police operations and special forms for recording
individual charateristics of unidentified persons comprising the

For a non-specialist doctor called to the scene of a mass disaster
the first consideration is, of course, the medical treatment of
casualties. So, on arrival at the site of a catastrophe the main
task for any medical person is to establish whether the victims
are really dead. If someone is found alive he or she should of
course receive all possible emergency treatment. It may be
helpful to carry out a ‘triage’ to help the medical staff at the
scene in the decisive process on preferences for immediate
treatment. Forensic pathologists primarily fulfil the task of competent assistants in order to support the whole investigation by
applying their specialised medical knowledge. Their field of
operations can be divided into three points: (i) aid regarding
the recovery of bodies; (ii) assistance with identification; and
(iii) support to determine the cause of the disaster.

62.6.2 Examination of bodies and
body parts
In mass disasters bodies may show extreme mutilation. This
effect does not only include traumatic amputations of limbs
but also the opening of body cavities with exenteration of the
organs or parts thereof. Some of these may remain close to the
torso, but others may be found rather distant from it. This is
one reason why forensic medical advice should be available at
a scene in order to differentiate human body parts from animal
ones. The same considerations apply to the recovery of bodies
from mass graves or following blazes. All bodies and body parts
have to be registered and assigned to a unique number follow-

62.6.3 Forensic medical examinations
Identification procedures
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complete pattern of unchangeable features. According to the
Interpol DVI guide there is considerable emphasis on the role
of the forensic pathologist as the leader of a multidisciplinary
team of experts in a disaster situation, based on qualifications
and experience gained from doing the everyday work in forensic medicine. Both rigour and the application of the Interpol
international conventions allow a systematic approach. It is
only this optimised procedure which can guarantee the best
possible identification of numerous victims.

Dactyloscopy
Dactyloscopy has proved to be one of the most reliable procedures for identification but it has, as with other methods, the
disadvantage of reference material not being available. However,
recent travel document regulations have introduced the ‘biometric’ passport, at least in a number of European countries,
so that biometric data and fingerprints are saved in national
data banks. However, the conditions arising from a disaster
such as multiple injuries, heat and putrefaction may considerably limit the applicability of the fingerprint method. Such
altered bodies can be assigned to eight different classes, with
class I standing for an uninjured complete and fresh body and
class VIII representing a body showing extensive changes due
to polytrauma, fire and decomposition. Further limiting factors
may be the reliability of a chosen method, expectations to have
reference material available and efforts to perform certain
examinations. a mobile, one-finger scanner, Cross Match MV5,
has also been tested which has been proven suitable for application in mass disasters. The scanner enables someone to produce
qualitatively good prints in all age groups of living individuals
but only partly evaluable prints from deceased persons.

Medical–anthropological parameters
Also important for a reliable identification are explicitly
medical–anthropological parameters. It has been repeatedly
been published that some sort of procedure should be performed starting from less significant discriminants leading to
individual findings via four steps: (i) determination of gender;
(ii) estimation of age; (iii) determination of ethnic origin; and
(iv) particular features of identity. The determination of gender
relies on primary and secondary sex characteristics and types
of hairiness, but the latter may be subject to changing fashion.
In the case of skeletons, a discriminant analysis on the skull,
scapulae, sternum and pelvic bones may be helpful. Estimations
of age may show considerable variations and can usually only
be referred to decades as chronological and biological ages may
differ individually and the effects of a disaster may well interfere
with the appearance of a person. Valuable clues may be derived
from the dental status (number of teeth and state), degenerative
changes to the spine (peripheral eminences) and vessels (atherosclerosis), the degree of ossification of certain skeletal regions
(ribs, larynx) and a possible presence of an internal frontal

hyperostosis. In forensic investigations, the dimensions of the
hands and feet have been used for the determination of gender,
age and stature of an individual with the results of several
studies showing significant correlations between and within the
dimensions of hands and feet. This approach applies especially
to anthropometric studies conducted on limbs with regard to
identification of the deceased from dismembered remains. As a
result, the sexual dimorphism exhibited by anthropometry of
the hands and feet can assist in the identification of amputated
human remains.
Odontological examinations focus on the number and colour
of teeth, degree of abrasion and state of the gums, which are
the main criteria for an ad hoc estimate. The traditional forensic role of dental professionals is identifying victims through
dental records, making the dental professional an important
member of a disaster response team. A system of assessing skills
has been proposed, for example the Odontology Victim Identification Skill Assessment System (OVID-SAS), which details
qualifications required to participate in antemortems and postmortems. By implementing this system, forensic odontologists
responsible for organising and managing a forensic odontology
mass fatality identification group will be able to optimally
utilise individuals presenting with proven skills. The odontological examination has a number of advantages regarding
applicability, effort, reliability and documentation in order to
speed up the identification process, especially when appropriate
reference material is available. It may be necessary to retain the
upper and lower jaws to enable a second examination to confirm
initial findings. However, the dignity of the deceased should
always to be kept in mind so that mutilating preparation techniques applied to the face are obsolete. An appropriate identification process has therefore to include a reconstruction of the
facial soft tissues and the underlying bones.
A comparison of X-rays may also assist with the identification of victims. There have also been tested techniques with
computed tomography (CT). CT scans may show much of the
postmortem information required for identification purposes.
Further advantages may be an observer-independent documentation, the possibility of reconstructing a variety of images after
the incident, distributing tasks by transmitting CT data digitally, and the reduction of time and specialists required at the
disaster site. As a result, postmortem multislice CT (MSCT)
may represent a valuable screening tool in DVI investigations,
although the technical equipment needed (including power
supply) may limit its usefulness. However, there are also mobile
multidetector CT (MDCT) scanners available. CT scanning
may also provide useful information prior to autopsy by flagging likely findings including the presence of non-human
remains via assisting in the localisation of identifying features
in heavily disfigured bodies. It may also be useful after the
autopsy through retrospective review of images for the clarification of issues that arose at the time of the pathologist case
review. Nevertheless, reference material needs to be at hand
within a short period of time. This might cause considerable
obstacles regarding the identification process. Therefore, such
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radiological procedures are currently of minor relevance concerning the identification of victims of mass disasters.
A determination of the ethnic origin normally refers to skin
colour, type of hair and physiognomy aimed at differentiation
between Caucasian, Asiatic and Negroid origin. Individual features of a body may allow for further discrimination, based on
body height, constitutional type and nutritional state. However,
alterations due to the catastrophe or late postmortem changes
may interfere severely with these features. There may be groups
according to gender, age (e.g. older or younger than 40 years),
signs of medical treatment and permanent marks such as scars
and removed organs, as well as the consequences of the accident. All data have to be collated centrally in order to have them
available for comparison purposes. Apart from anthropological
and/or medical findings it may be helpful to record any particularities of documents, clothing and personal effects (jewellery,
personal belongings), but reference data will also be required.
Body-related individual characteristics such as scars, surgical
removal of organs, malformations or tattoos, with the latter
often found to be rather heat resistant, may have a high discrimination power. Surgical procedures such as heart bypass
surgery, joint prostheses, and the removal of the uterus, prostate, thyroid gland, gall bladder or kidneys may considerable
assist with individual identification.

cation and communication and privacy issues. The DNA Commission of the International Society for Forensic Genetics
(ISFG) have issued recommendations intending to provide
guidance on establishing preparedness for forensic genetics
laboratories, on collecting and storing ant mortem and postmortem samples suitable for DNA analysis, on DNA extraction
and genetic typing strategies, on data management, and on
issues related to the biostatistical interpretation and reporting
of results. Several research groups have pointed out that teeth
especially should be considered for DNA analysis as they are
rich sources of quality DNA which can be utilised in all forensic
investigations. From variable number tandem repeats (VNTRs)
to single nucleotide polymorphism (SNP), the field of forensic
DNA research has been true to the characteristics of any scientific process and represents a continuous evolution of technological development. Nevertheless, it has to be warned that in
mass disasters there may be a transfer of soft tissues and other
commingling of remains. Therefore DNA testing alone may
lead to severe problems if only soft tissues are tested. In
addition, forensic anthropologists are needed to evaluate the
morphological consistency between all linked body parts. In
disasters with a high potential for commingling, an anthropological review process should always be part of the
investigations.

DNA techniques

Determining the causes and times of death

Although in the majority of catastrophes bodies can always be
recovered almost immediately, it may also happen that bodies
are subject to decomposition due to late recovery or high temperatures or damp air at the location of an incident. If human
remains are in a state of considerable decomposition, mutilated
or otherwise unrecognisable, one should look for assistance
from a forensic anthropologist who may often be in a position
to provide useful clues as to identity. Identification based on
examination of the teeth and of other anatomical features
should always be confirmed by DNA techniques, for example
prior to repatriation and other appropriate disposal, as mistakes in identification can be devastating to families and next
of kin (as well as to the reputation of forensic services and
international agencies). DNA identification has become an
important aspect of mass fatality management as well as in
other instances of difficult identification of human remains.
Most large mass fatality incidents will therefore require DNA
analysis. Developments regarding multiplex sets in order to be
able to examine several short tandem repeat (STR) systems at
the same time with application of polymerase chain reaction
(PCR) also offers promising possibilities.
General guidelines for the identification of human remains
from a mass disaster by DNA analysis include sample collection,
preservation, shipping and storage, tracking and chain of
custody issues, laboratory facilities, quality assurance and
quality control practices, parsing out work, extraction and
typing, interpretation of results, automation, software for
tracking and managing data, the use of an advisory panel, edu-

Investigation of the causes of death, the cause of the catastrophe
(e.g. a bomb) and identification of the deceased represents a
multidisciplinary specialist operation, involving mortuary
accommodation, pathology, dentistry and the police. A team of
(forensic) pathologists, backed up by dental and radiological
facilities, inspects every body or parts thereof and records all
clothing, jewellery and personal belongings still attached to the
body. The corpse itself is then carefully examined for every
aspect of identity, including sex, ethnic origin, height, age and
individual characteristics (see above). An autopsy is performed
to determine the cause of death, to retrieve any foreign objects
that may, for example, be related to an explosive device, and to
seek any further identifying factors. All information originating
from description and medical or other examinations has to be
collated by computerised procedures and then compared by
another team who have compiled all available data on the
victims from the next of kin and other sources.
From forensic medical experience it can be concluded that
there may be considerable differences regarding the cause of
death and the time of death. For example, an explosion may
have occurred prior to the aircraft crashing. Such an issue can
be resolved by analytics focused on a possible vital inhalation
of, for example, gases containing cyanides or other toxic substances or on incorporation of typical parts originating from
an explosive device.
The main target of examinations following accidents with
aircrafts, buses, railways and vessels should be the causes of
death of the pilots, drivers or captains. It is important to clarify
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whether there has been an inability to act of the pilot, bus or
train driver due to some sort of internal disease which might
have caused the catastrophe. Therefore the autopsy of the individuals in question should focus on diseases of the cardiovascular system. Despite regular medical examinations of such
persons, there always remains the possibility that severe diseases
of important organs may have remained undiscovered (e.g.
there may have been a myocardial infarction without any clinical symptoms or some type of myocarditis resulting in severe
myocardial malfunction). Therefore, it is also necessary to
perform histological and toxicological examinations on a
regular basis.
The determination of the time of death may be especially
relevant regarding the law of trusts. Even if there are very minor
differences in the times of death this might have relevant consequences, and it appears very unlikely that all victims of a
disaster died at the same time. Therefore, it may be decisive to
perform additional examinations focused on the extent of vital
reactions.

Useful websites
British Association for Human Identification, http://www.bahid.org.
Forensic Anthropology Society of Europe (FASE), http://www.
labanof.unimi.it/FASE.htm.
(Both last accessed 19 February 2013.)
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Forensic DNA
Analysis

Mechthild Prinz and Ruediger Lessig

63.1 Stain analysis
Mechthild Prinz
This section provides a comprehensive overview of DNA testing
in forensic casework. Importance has been placed on the forensic pathology perspective and the knowledge required to understand the capabilities and limitations surrounding DNA
evidence collection, testing and interpretation.

63.1.1 Evidence collection and preservation
at the crime scene and in the
autopsy room
Ever since the publication of the first DNA results obtained
from fingerprints (van Oorschot and Jones 1997), DNA typing
of biological evidence was no longer limited to body fluids. It
is still true that within a case success rates are highest for blood,
semen and saliva evidence, but continuous improvements in
DNA extraction and the sensitivity of DNA typing assays now
allow for reliable DNA testing of shed skin cells recovered from
the inside of worn clothing, as well as from touched surfaces
such as knife handles, victim’s clothes or a victim’s body (Taroni
et al. 2002). This increased sensitivity has led to an increased
contamination risk, both at the crime scene and in the autopsy
room (Rutty et al. 2000), and every forensic professional must
be aware of these new DNA detection levels.
This risk and the desire to create optimal conditions for
subsequent DNA testing mandate that crime scene processing

Handbook of Forensic Medicine, First Edition. Edited by Burkhard Madea.
© 2014 John Wiley & Sons, Ltd. Published 2014 by John Wiley & Sons, Ltd.

protocols are established in coordination with the forensic
laboratory. Biological trace visualisation and swabbing techniques need to be evaluated for their effects on DNA recovery
and, since different methodologies may interfere with each
other, a scientific review of the full workflow should be implemented in all jurisdictions (van Oorschot et al. 2010).
Contamination is defined as any DNA introduced to the
evidentiary material after the crime has been committed (Gill
1997) and as such can be caused by any person entering the
crime scene or handling the evidence, and by contaminated
crime scene or laboratory supplies. Therefore, clean equipment,
gloves and personal protective gear are essential during evidence collection and all subsequent processing steps. Van Oorschot and co-authors have warned against cross-contamination
caused by fingerprint brushes and recommend either disposable brushes or the adherence to a list of rules including cleaning
protocols, powder aliquots and the avoidance of moist areas
(van Oorschot et al. 2005). Notwithstanding all precautions,
inadvertent DNA deposits can still occur and an elimination
database containing DNA profiles of crime scene, morgue and
laboratory personnel is an important tool to identify contamination (Gill et al. 2010).
Crime scene processing routinely involves visualisation of
biological fluids such as semen, saliva or diluted blood, or
deposited skin cells and fingerprints. In general, these development techniques have been shown to not harm polymerase
chain reaction (PCR) based DNA testing, but as shown in Table
63.1 there are some exceptions. For example, prolonged exposure (>30 seconds) to a shortwave UV light source has been
shown to harm DNA (Andersen and Bramble 1997), and if

1144

PART IX   IDENTIFICATION

Table 63.1 Crime scene processing techniques and DNA.
Methodsa

Crime scene technique

Effect on DNA

Reference

Optical methods

Polilight (green, UV)

No interference

Superlite
Argon ion laser
Shortwave UV

No interference
No interference
Less to no STR signal for exposure
>30 s

Andersen
2000b;
Andersen
Andersen
Andersen

Black/white powder

No interference, but caution:
powder will inhibit PCR and must
be removed during extraction
No interference
No interference

Grubwieser et al. 2003
Grubwieser et al. 2003

Physical
methods

Flame soot
Manoxol-molybdenum

& Bramble 1997; Zamir et al.
Grubwieser et al. 2003
& Bramble 1997
& Bramble 1997
& Bramble 1997

Stein et al. 1996; van Oorschot et al. 2003

Physicochemical
methods

Iodine and chemical fixing
Cyanoacrylate fuming and
cyan colouring

No interference
No interference, but may depend
on thickness of deposition and
DNA extraction method

Grubwieser et al. 2003
Stein et al. 1996; Zamir et al. 2000b; von
Wurmb et al. 2001; Grubwieser et al.
2003; Bille et al. 2009

Chemical
methods

Silver nitrate
Ninhydrin

No interference
No interference

DFO (1,8-diazafluoren-9-one)

RTX (rutheniumtetroxide)
Gentian violet

No interference, except there may
be an incubation time and
extraction method effect
No interference
No interference

Grubwieser et al. 2003
Stein et al. 1996; Fregeau et al. 2000;
Grubwieser et al. 2003; Anslinger et al.
2004
Fregeau et al. 2000; Zamir et al. 2000a;
Grubwieser et al. 2003

Luminol

No interference

Phenolphthalein (or KM for
Kastle–Meyer)
Amido black

Reduced STR signal

Enhancement of
blood traces

Coomassie blue
TMB (tetramethylbenzidine)
LCV
(leucocrystal violet)
LMG
(leucomalachite green)
Hungarian red
Crowle’s double stain
Bluestar
Hemastix
Hemident

No interference
No interference
No interference for blood, some
problems with saliva
No interference for blood, some
problems with saliva
Mixed results, but for most
samples no interference
Short exposure is alright, reduced
signal after 54 days
Short exposure is alright, reduced
signal after 54 days
No interference
No interference
No DNA detected

Grubwieser et al. 2003
Stein et al. 1996; Grubwieser et al. 2003
Gross et al. 1999; Fregeau et al. 2000;
Grubwieser et al. 2003; Tobe et al. 2007
Tobe et al. 2007
Fregeau et al. 2000; Grubwieser et al.
2003
Grubwieser et al. 2003
Fregeau et al. 2000; Grubwieser et al.
2003
Grubwieser et al. 2003
Fregeau et al.
2003; Tobe
Fregeau et al.
2003
Fregeau et al.

2000; Grubwieser et al.
et al. 2007
2000; Grubwieser et al.
2000

Tobe et al. 2007
Tobe et al. 2007
Tobe et al. 2007

PCR, polymerase chain reaction; STR, short tandem repeat.
a
Classification scheme based on Grubwieser et al. (2003).

fingerprint powder is present in the DNA extract, it will inhibit
short tandem repeat (STR) DNA typing (van Oorschot et al.
2003). There is also an ongoing discussion concerning cyanoacrylate fuming. While it had been postulated that fuming rather
than dusting should protect trace DNA during packaging and
transport (Wickenheiser 2002), this was not confirmed in a
later study (Bille et al. 2009). The latter study also indicated that

while fuming did not have a deleterious effect on DNA results,
this might depend on varying amounts of cyanoacrylate deposition and subsequent swabbing techniques.
Unless the item can be transported to the laboratory, the
evidentiary substance is removed at the scene using a moist
cotton swab. For touched items such as light switches or computer keyboards, a double swabbing method using a wet swab

CHAPTER 63   FORENSIC DNA ANALYSIS

followed by a dry swab has been suggested (Sweet et al. 1997;
Pang and Cheung 2007). All swabs must be allowed to dry,
packaged securely in sealed bags and stored in a dark, nonhumid environment. Paper bags are preferred over plastic bags
and have the advantage of not trapping humidity and of shielding the content from light.
If logical assumptions about the areas that must have been
touched can be made (car steering wheel, gun trigger), it is not
always necessary to target visualised biological traces. It is also
useful to distinguish between personal property that is routinely
handled by the same person (e.g. cell phone, pair of eye glasses)
and items that are only briefly touched during the commission
of the crime, such as a doorknob or a window sill. Publicly accessible or shared items such as doorknobs often show pre-existing
DNA and are likely to yield DNA mixtures. It is recommended
to focus collection of these types of swabs on rarely accessed
locations that may have been touched by the perpetrator rather
than common areas. DNA yields for individual fingerprints are
generally rather low (Schulz and Reichert 2002), and in many
cases a larger area such as a palm print can be more useful. A
third category of touched objects are items that are not personal
property but are used in a way suggesting intense contact. These
items include knife handles or ligatures used to bind victims and
can be valuable sources of DNA that should be collected for
testing. What is also critical for DNA typing success of touch
DNA is the time since collection. As has been shown for a 1-week
versus 3-month time study, DNA yields decreased after swabs
were allowed to dry and be stored (Bille et al. 2009). More work
is needed to determine if this loss can be mitigated by freezing
the swabs prior to reaching the dry state or by using alternate
extraction methods (van Oorschot et al. 2010).
Shed cells on worn clothing are collected by swabbing, tape
lift and scraping (Stouder et al. 2002). The scraping technique
can cover a larger area but may result in DNA mixtures. The
tape lift method may cause problems with the subsequent DNA
extraction and affect the extraction yield (May and Thomson
2009). Swabbing also involves transfer of cells from one media
to another and may cause loss of material. A more selective
method for DNA on clothing and other surfaces is the microscopic method described by Schneider et al. (2011). Individual
skin flakes consisting of a cluster of cells are separated and
extracted individually, resulting in single source profiles if
enough cells are present.
In order to collect DNA evidence from a victim’s body, an
alternate light source is a good approach to identify dried secretions such as saliva or semen (Vandenberg and van Oorschot
2006). As mentioned before, a moistened swab is used to
remove these secretions. Graham and Rutty (2008) did not find
an advantage when using the double swab technique first
described by Sweet et al. (1997). When collecting potentially
foreign DNA off a drag or strangulation mark it is essential to
not use too much pressure, to avoid creating a mixture with the
victim’s DNA (Wiegand and Kleiber 1997). An alternative collection method is done using a tape lift, but, while easier to
perform, this method results in a higher percentage of mixtures
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containing the victim’s DNA than the double swab technique.
It is also possible to visualise individual fingerprints on human
skin and subject them to DNA testing. Farber et al. (2010)
described a large study including 1000 fingerprints placed on
corpses. They recommend a combination of magnetic powder
and a silicone-based casting agent for developing and lifting the
prints.
When discussing the probative value of finding foreign DNA
on a victim’s body it is useful to know about the prevalence of
DNA from people other than the possible perpetrator. This has
been explored for fingernails (Malsom et al. 2009) and the neck
area (Graham and Rutty 2008). In particular, for individuals
who are married and/or live with family members, foreign
DNA was commonly found.
The question of secondary transfer without direct contact
with the person/object in question must be considered, not
only for DNA collected from a victim’s body, but also overall
for touched objects. Simply talking in a room can facilitate
DNA deposits (Port et al. 2006). As far as transfer through
touching is concerned, it is important to note that the rate of
transfer from a person varies from person to person and has
been characterised as the ‘shedder’ status (Lowe et al. 2002;
Phipps and Petricevic 2007). High shedders will leave more of
their DNA behind than low shedders. Secondary transfer is
defined as having one intermediate carrier; person A shakes
person B’s hand and then person B deposits person A’s DNA by
touching, for example, a door handle. Tertiary transfer means
that there are two intermediate steps, for example person A
picks up an object, then person B touches the same object thus
having person A’s DNA transferred to their own hands, and
later deposits this DNA somewhere else. Controlled study
results (Lowe et al. 2002; Daly et al. 2012) show that even secondary transfer is rare and only happens if the person is a high
shedder. Realistic scenarios are hard to mimic in the experimental design. The time between the first and second transfer
is critical for the outcome; the longer person B pursues normal
activities after the handshake with person A, the less of person
A’s skin cells will still be present and transferable. DNAcontaining material can also be transferred from one object to
another. Goray and co-workers (2010a, 2010b, 2012) have
investigated this issue for biological fluids and skin cells and
established transfer rates for various scenarios.
Semen evidence is routinely encountered in sexually motivated homicides and sexual assaults. Many countries have
established programmes with specially trained sexual assault
nurses (Ledray 1999) or which involve forensic pathologists in
the live victim exam. Emergency room doctors or other medical
personnel, however, also routinely examine rape victims. Under
these circumstances standardised collection kits and checklists
are a useful tool to ensure a thorough exam and the forensic
integrity of all collected items. Box 63.1 depicts the content
of sexual assault evidence collection kits in use in New York
state. This kit contains instructions, gloves, clean cotton swabs
and prelabelled envelopes for the swabs and other collected
articles such as underwear. A similar kit has been designed to
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Box 63.1 Kit content for a standardised sexual assault
evidence collection kit in New York State.
•

•

•

Envelopes, cotton swabs and glass slides to collect evidence
from the following areas:
○ mouth cavity
○ perianal area
○ anal cavity
○ vulva (penis)
○ vaginal cavity
○ cervical area
Prelabelled envelopes for the following evidence samples:
○ trace evidence
○ underwear
○ debris
○ dried secretions
○ fingernail scrapings
○ pubic hair combings
Prelabelled envelopes for the following reference samples:

buccal specimen

pulled head hairs

pulled pubic hairs

Box 63.2 Kit content for a standardised male suspect
evidence collection kit in New York State.
•

•

•

Envelopes, cotton swabs and glass slides to collect evidence
from the following areas:
○ mouth cavity
○ anal cavity
○ penis
○ scrotum
Prelabelled envelopes for the following evidence samples:
○ underwear
○ debris
○ dried secretions
○ fingernail scrapings
○ chest hair combings
○ facial hair combings
○ pubic hair combings
Prelabelled envelopes for the following reference samples:
○ buccal specimen
○ pulled head hairs
○ pulled pubic hairs

cover the relevant items during the exam of a suspected assailant (Box 63.2).
Currently, cotton swabs are the standard for vaginal or cervical swabs, but researchers have been evaluating other options.
Benschop and co-workers (2010) tested a new type of flocked
swab with improved DNA results, and it can be expected that
manufacturers will continue to optimise collection tools. As
mentioned above, evidence collected must be dry before being
packaged, properly labelled and sealed. Evidence without
proper documentation is not of any value in court.

63.1.2 Body fluid identification methods:
current and applications and
emerging new methods
Most body fluid identification techniques have not changed
since the early 1950s (Saferstein 2004). Many forensic biology
laboratories still use only presumptive testing to identify blood
and then proceed to human-specific DNA quantitation and
typing methods. The Kastle Meyer or leucomalachite green presumptive testing techniques, which are based on the oxidative
properties of haemoglobin (Saferstein 2004), can detect the
presence of blood down to extreme dilutions. Saliva is often
identified by extracting a small portion of the stain for a starchbased amylase diffusion assay, however this test is not humanspecific and will also react with bacterial amylases. This has
been improved through an antibody-based assay specific for
human saliva (Quarino et al. 2005). Semen can be identified via
a microscopic sperm search or the detection of the semen fluidspecific protein P30 via an enyzme-linked immunosorbent
assay (ELISA). A presumptive test based on an acid phosphatase
(AP) triggered colour reaction (Saferstein 2004) is helpful to
map out or pre-test multiple stains on an item to select stains
for confirmatory testing. A similar approach for chemical
screening are the Phadebas test sheets for saliva stains, but it
has been shown that an alternate light source can be as effective
(Vandenberg and van Oorschot 2006). Several companies, for
example Abacus Diagnostics or Independent Forensics, offer
single sample antibody-based test strips for confirmatory
testing and human-specific testing of blood, semen and saliva.
More recent methods for body fluid identification are based
on proteomics or molecular genetics approaches. The proteinbased approach tests for body fluid-specific protein signatures
via mass spectroscopy separation (Virkler and Lednev 2009b).
Other researchers have identified body fluid-specific messenger
RNAs coding for these proteins and have developed multiplex
detection assays (Juusola and Ballantyne 2005; Bauer and
Patzelt 2008; Haas et al. 2011, 2012). This was also explored for
micro RNA or miRNA. The newest development in body fluid
testing utilises DNA methylation patterns that are also tissuespecific (Frumkin et al. 2011). All of these approaches have the
potential to provide confirmatory tests for body fluids such as
menstrual blood or vaginal secretions that cannot be identified
by the older methods (Virkler and Lednev 2009a). There has
also been progress on the verification of the presence of shed
skin cells for touched objects (Hanson et al. 2011; Visser et al.
2011).
One of the most commonly asked questions about bloodstains is about the time since deposit or the age of the bloodstain. Bremmer et al. (2012) provide an informative review
about this issue and discuss approaches such as the detection
of haem degradation or loss of enzyme activity that have been
explored in the past. The authors conclude that further improvement and more information on environmental factors are
required prior to forensic implementation. Testing for the pres-
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ence of circadian hormones, namely melatonin with a concentration peak during the night and cortisol with a peak in the
morning, may provide another clue as to time of deposit (Ackermann et al. 2010). Again, this approach will need more work
on normalisation and environmental factors.
Cells on microscopic slides can be used for more than just
visualisation for body fluid identification – they also serve as a
source of DNA either by scraping the slide or selectively removing cells prior to extraction. Current approaches include micromanipulation (Kelley-Primozic 2008; Li et al. 2011; Schneider
et al. 2012) and laser microdissection (Elliott et al. 2003; Anslinger et al. 2007). Laser microdissection requires more expensive
instrumentation but can be automated through cell recognition
software. This feature is especially useful for samples with very
low sperm counts where it can be hard to decide how long one
should continue to manually screen a slide before declaring the
sample negative. Since all subsequent steps can be validated
based on defined cell types and quantities it may be possible to
omit the otherwise necessary extraction and quantitation procedures (Sanders et al. 2006).

63.1.3 DNA extraction and quantitation
DNA extraction
DNA extraction approaches vary for different types of biological material. The older, more labour intensive extraction
methods like phenol/chloroform extraction previously used
for blood and tissue samples (Prinz and Berghaus 1990), have
mostly been replaced with silica resin-based solid-phase
exchange methods that are easily automated (Nagy et al. 2005;
Ng et al. 2007; Brevnov et al. 2009). When choosing an extraction method it is important to consider the initial incubation
volume and time, which must be appropriate to maximise
removal of cellular material from the crime scene swab or stain
substrate. Insufficient suspension of the stain substrate has
been shown to lower DNA yields (Grubb et al. 2010). The
other essential step is the purification method, which must
effectively remove inhibitors but at the same time minimise loss
of DNA, especially for samples with low amounts of starting
material.
Known inhibitors such as haem in bloodstains, indigo dye
in denim, calcium ions from bones and humic acids for evidence contaminated with soil (Butler 2011) can interfere with
DNA typing steps and extracts may require dilutions, additional purification or other treatment (Alaeddini 2012). For
blood stains it is possible to avoid co-extracting inhibitors by
collecting the stains off the fabric using a moist swab instead
of cutting out a piece of the stain. Since cellular material will
be lost through this additional substrate absorption step, very
small or faint bloodstains should be cut and not swabbed. In
addition, any extraction method must be chosen within the
context of sample type and sample treatment to avoid adverse
cross-reactions (Poon et al. 2009; Dieltjes et al. 2011).
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Direct lysis methods have been useful for samples with little
or no expected inhibitors. The chelex method (Walsh et al.
1991b) has been successfully utilised for many years and has the
advantage of being quick, needing no specialised equipment
and minimising the risk of sample mix-up that could occur
during manual phase transfer steps. Schiffner and co-workers
(2005) optimised a direct lysis method for low DNA targets and
recommended the use of carrier molecules such as fish sperm
DNA or polyA RNA during concentration and membrane filtration clean-up steps. Carrier DNA or RNA have been shown
to increase the recovery of target DNA and are now part of
many of the commercial forensic DNA extraction kits.
In general, all DNA sources in a stain cutting or swab are
co-extracted and will yield a DNA mixture if cells from more
than one individual are present. Aside from manual micromanipulation methods, the only exception to this are sperm cells
that are separated from other cell types prior to extraction in a
process called differential lysis. The original method of lysing
the epithelial cells, pelleting the still intact sperm cells, and then
extracting both fractions separately – as described by Gill et al.
(1985) – is still widely in use as the initial preparation step.
Many researchers have explored alternative approaches such as
the use of cell sorters (Schoell et al. 1999), size filtration (Garner
2003) and acoustic trapping (Norris et al. 2009). One of the
goals is to make the current time-consuming manual separation process feasible for automation. The latest contribution to
this subject (Hudlow and Buoncristiani, 2012) utilises the fact
that sperm cells are generally difficult to remove from the
cotton carrier swab.
DNA extraction can be simplified for known reference
samples where buccal swabs can basically be tested after a
simple lysis step (M. Prinz, unpublished). For this sample type,
method comparisons have not found any significant differences
in performance (Viltrop et al. 2010). Liquid blood and saliva
are often transferred to filter paper for storage, and some brands
will trap the DNA in the paper, which means any inhibitors can
be removed in a few wash steps and the cutting can be added
to the PCR reaction (Kline et al. 2002). New formulations for
the PCR buffer have made it possible to omit these initial purification steps and place any cutting or robotic punch of any
storage card in a direct PCR (Park et al. 2008; Wang et al. 2011).

DNA quantitation
Utilisation of a human-specific DNA quantitation assay is best
practice when dealing with unknown forensic evidence samples.
Knowledge of the available amount of DNA is used to decide
on the amplification strategy, and by ensuring the use of the
optimal DNA amount more of the original sample can be preserved. The quantitation value can also guide interpretation of
the results if stochastic effects are observed during sample interpretation. Traditional DNA quantitation techniques such as UV
absorption or yield gels are not human-specific. The original
primate-specific Alu repeat-based assay (Waye et al. 1991)
which had been a forensic standard for many years has been
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replaced by real-time PCR assays that are more sensitive,
consume less of the evidence DNA and also indicate the presence of inhibitors (Cupples et al. 2009). Real-time PCR assays
are very specific to their target sequence and, if fluorescent
probes are being used, can be multiplexed to allow for simultaneous detection of different targets. This allows for separate
quantitation of mitochondrial DNA and nuclear DNA
(Andreasson et al. 2006), or simultaneous detection of total
nuclear DNA versus DNA from a male individual (Horsman et
al. 2006; Barbisin et al. 2009). The latter is a useful tool in sexual
assault cases with male/female mixtures.
While it is not possible to control for pre-existing DNA or
contamination on a substrate, it is necessary to always include
a negative control to test for the cleanliness of all extraction
reagents and the extraction process. The extraction negative
control is expected to give a negative quantitation result or the
extraction fails. The Quality Assurance Standards for Forensic
DNA Testing Laboratories, mandatory for US DNA database
participants, state that for a negative control to be valid it must
be subjected to the same treatment as the samples during the
subsequent DNA amplification and still be negative (FBI 2009).
This means that if more than one evidence item is associated
with the same negative control, the control must be tested
under the most sensitive parameters (DNA volume, amplification methods, capillary injection parameters) that were applied
to any sample in the batch.

63.1.4 DNA typing and forensic genetic
polymorphisms
The key to successful DNA typing in a forensic setting is the
ability to get results on biological trace material and distinguish
between two unrelated individuals. Two factors are important
here: the overall sensitivity of the assay, and the number of
tested genetic markers and their individual power of discrimination. The current method of choice is based on the polymerase chain reaction (PCR) and the typing of short tandem
repeats (STR) and achieves both goals. Box 63.3 summarises
the development of DNA testing.

STR polymorphisms
STRs are abundant in the human genome and there is no shortage of STR markers with large number of alleles and high levels
of polymorphism information content across multiple ethnic
groups. The underlying polymorphism of an STR marker is the
variability of the number of repeats present on each chromosome pair. Repeat lengths vary but forensic markers generally
have 3 base pairs (bp), 4 bp or 5 bp repeats. The short repeat
length causes the individual genetic forms to generally be below
400 bp in length making the system useful for degraded DNA.
PCR conditions can be optimised for sensitivity and the most
common final detection method is based on capillary electrophoresis and fluorescent dye detection allowing for multiplex-

Box 63.3 The history of forensic DNA testing.
Prior to the development of polymerase chain reaction (PCR)
based short tandem repeat (STR) detection assays, forensic DNA
typing ranged from the very first forensic multilocus restriction
length polymorphism (RFLP) marker (Jeffreys et al. 1985b,
1985c) to single-locus RFLP probes (Nakamura et al. 1987),
reverse dot blot hybridisation methods (Walsh et al. 1991a) and
longer variable number tandem repeats tested via PCR such as
D1S80 and ApoB (Budowle et al. 1991; Deka et al. 1992). All of
these methods either required more and higher quality of target
DNA to yield results, or had a lower power of discrimination.
Other technical limitations included the difficulty of identifying
individual alleles. With repeat lengths of 30 and more, RFLP
alleles resided in a range between 2000 and 10 000 base pairs
and could not be separated to a distinct allele level. The resulting
genotypes were best compared side by side on the same electrophoresis run and were difficult to database. Tamaki and Jeffreys (2005), as well as the basic textbook by Butler (2009),
provide more information on the history of human DNA typing.

ing, or combining several STR targets in a single reaction
(Butler 2011).
Figure 63.1 illustrates the underlying genetic principles of
an STR polymorphism and introduces the relevant genetic
terms. STR marker D16S539 is used as an example. This marker,
or locus, which is part of several forensic human identification
multiplex kits, is located on the long arm of chromosome 16 at
position 16q24.1. The genetic form present on one of the chromosomal pair is called an allele. Both alleles combined comprise the genotype of an individual for this locus, in the example
it is 7,10.
The range of different length D16S539 alleles observed in
the human population runs from allele 5 to allele 16, with allele
11 being the most common allele in most ethnic groups (Phillips et al. 2011). The number of observed alleles and the varying
frequencies for each allele in a population determine the chance
of observing a heterozygous versus a homozygous genotype
(expected heterozygosity (HET)) and the polymorphism information content (PIC) (Weir 1996). These values can guide the
selection of forensic markers towards the more informative
ones. For kinship analysis and paternity testing another important factor is the mutation rate, which also can be locus- and
allele-specific (Butler 2009).
It is important to note that not all STR markers have simple
repeat motifs like D16S539. Apart from observing incomplete
and intermediate repeats, for example THO1 allele 9.3 or
D18S51 alleles 11.2 and 12.2, many loci have more than one
repeat motif. For ‘compound’ STR loci the overall arrangement
of the repeats remains straightforward, for example D19S433
with motifs AAGG and TAGG, but other ‘complex’ loci display
combinations of full repeats with more than one motif and
intermediate alleles making the overall structure more complicated (Urquhart et al. 1994).
One of the biggest advantages of using STR polymorphisms
as the target for human identification in a forensic setting is the
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Human chromosome 16
homologous pair
Genotype 7, 10
p
(short arm)
Primer 1

q
(long arm)
STR location
16q24.1

Primer 1

GATA GATA GATA GATA GATA GATA GATA

Primer 2

GATA GATA GATA GATA GATA GATA GATA GATA GATA GATA

Primer 2

Figure 63.1 Chromosomal location and STR repeat structure for locus D16S539. Each parental chromosome carries one copy of the
STR locus including the flanking region. The locus has a simple STR repeat structure with only one type of repeating unit. The variation
in number of repeats on each chromosome sequence results, in this case, in a heterozygote genotype 7,10.

ability to classify the results as discrete allele calls and genotypes
that are expressed in a numerical fashion and allow for cross
laboratory comparisons, databasing and database searches. In
order to compare results, laboratories have to agree to test for
the same STR markers. This type of standardisation is also the
basis for the creation of national databases and international
data sharing agreements. Commercial development has followed the lead of the forensic science community and several
biotechnology companies offer multiplex STR kits for mandatory database loci for various areas of the world. Maximising
the amount of genetic information one can obtain in a single
test is critical when dealing with limited amounts of stain material and all of these kits cover more than 10 loci. Table 63.2 lists
the loci represented in several currently available multiplex kits.
Older multiplex kits and kits specific for the German market
are not listed here; the older kits covered fewer loci and have
been replaced in most laboratories and the kits made specifically for German forensic laboratories contain all 17 loci including the European Standard Set with the addition of SE33. Aside
from polymorphic STRs, all commercially available kits also
contain primers for the gender determination locus amelogenin (Mannucci et al. 1994). In general, detection of only the
amelogenin X allele points towards a female DNA source, but
globally some Y chromosomes, especially in Southeast Asia,
have been described as missing the amelogenin Y allele (Santos
et al. 1998). This can lead to a misidentification of the gender.
See Section 63.1.6 on haplotypical markers for more references
about amelogenin Y allele amplification failures. Another
anomaly is the loss of the X signal for male individuals (Maciejewska and Pawłowski 2009).

PCR amplification
Forensic DNA typing and the field of molecular genetics in
general would not have made its recent progress without the
discovery of the PCR (Mullis and Faloona 1987) for which Kary
Mullis was awarded a Nobel prize in 1993. A forensic practioner
needs to be aware of the basic reaction principles and several
qualities inherent to the PCR mechanism that may affect the

results. The critical components of the PCR are a thermostable
Taq polymerase, target-specific primer pairs, nucleotides as
building blocks, and salts and other enhancers to provide the
appropriate ionic strength for DNA annealing. The length and
sequence of the primers in combination with the chosen temperatures and salt concentrations will have an effect on the
sensitivity and specificity of the reaction (Schoske et al. 2003).
After DNA denaturation, the primer pair of a defined sequence
will anneal outside the region of interest, allowing the Taq
polymerase to use this short double-stranded region to start
extending the complementary DNA strands from the 5′ to the
3′ direction. Forensic human DNA typing assays utilise primers
carrying a fluorescent dye to allow for subsequent dye detection. After the first few repeated denaturation, annealing and
extension cycles most of the template will be newly generated
amplification products (amplicons). Theoretically, assuming
100% efficiency, the number of amplicons will double each
cycle (Walsh et al. 1992). Forensic institutes typically apply
28–34 cycles, with each additional cycle improving the detection threshold of the assay. Again, it is important to note that
increased sensitivity carries an added contamination risk and
requires the implementation of rigorous laboratory and supply
cleanliness protocols (Caragine et al. 2009). Table 63.3 outlines
several characteristics of the PCR and their effect on forensic
STR typing results.
Many laboratories have studied PCR inhibition and how it
can be dealt with by selecting appropriate collection strategies,
extraction methods, dilution or pretreatment steps, and PCR
additives (refer to the review by Alaeddini (2012) for more
information). It is important to note that current DNA quantitation methods are also PCR-based and thus the presence of
inhibitors could lead to the erroneous conclusion that the evidence item in question did not contain any human DNA (Kontanis and Reed 2006). For most quantitation assays this has
been addressed by employing an internal positive control whose
failure to be detected indicates the presence of inhibitors.
Primer annealing site mutations will not affect a direct comparison between two samples that were both amplified with the
same primer set, or the same DNA typing kit, but could cause
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Table 63.2 Commercially available DNA typing kits.
Locus

SGM Plus

Powerplex
18D

NGM, ESX 16,
ESI 16, ESS Plex

Powerplex 16

Identifiler, Identifiler Plus,
Identifiler Direct, IDPlex

Sinofiler

Amelogenin

X

X

X

X

X

X

VWA

X

X

X

X

X

X

THO1

X

X

X

X

X

FGA

X

X

X

X

X

X

ESS

D8S1179

X

X

X

X

X

X

CODIS

D3S1358

X

X

X

X

X

X

D21S11

X

X

X

X

X

X

D18S51

X

X

X

X

X

X

X

X

X

X

X

X

X

X

X

X

X

X

X

X

X

X

X

CSF1PO
TPOX

X

D7S820
D5S818
D16S539

X
X

X

X

D13S317
D1S1656

X

D10S1248

X

D12S391

X

D22S1045

X

D2S441

X

Database set

ISSOL

CODIS

Expanded
X

ISSOL
ESS

D2S1338

X

X

X

X

X

D19S433

X

X

X

X

X

Penta D

X

X

Penta E

X

X

D6S1043

Allowed at
CODIS

X

China

CODIS, US Combined DNA Index System; ESS, European Standard Set; ISSOL, Interpol Standard Set of Loci.
Providers: SGM Plus, NGM, Identifiler (Plus, Direct) and Sinofiler: Applied Biosystems AmFlSTR kit series; Powerplex 16 and 18D, ESX 16 amd ESI 16: Promega
Powerplex kit series; IDPlex and ESS Plex: Qiagen Investigator kit series.

heterozygote to homozygote mismatches for samples amplified
with different kits (Budowle and Sprecher 2001; Kline et al.
2011). This phenomenon has to be taken into account for database comparisons. Commercial kit providers have tried to
address this problem by adding additional primers to cover
known variances in their selected primer regions (Leibelt et al.
2003).
Preferential amplification means that after the first few
cycles the more frequent DNA target will have generated the
majority of the amplicons, which will then become the main
template for the remaining amplification cycles (Walsh et al.
1992). This exacerbates already existing stochastic issues caused

by the unequal distribution of target sequences for low template
DNA samples and the minor components of DNA mixtures. A
recent article described the partial mitigation of this effect by
using extended primer annealing times (Weiler et al. 2012).
Preferential amplification will lead to the loss of detection of
expected allele peaks, also called allelic drop out. This phenomenon is well described for low template DNA samples with
quantitation results below 100 pg (Gill et al. 2000). These types
of samples require cautious interpretation. The key to addressing stochastic effects is tight control over the amount of DNA
to be amplified and replicate analysis for any template amounts
below the demonstrated stochastic threshold (Caragine et al.
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Table 63.3 Factors influencing polymerase chain reaction (PCR)
results.
PCR characteristic

Effect

Reaction sensitive to
inhibitors

Decreased amplification efficiency
and loss of sensitivity
Complete failure of reaction

Single nucleotide
polymorphism (SNP)
in the primer
annealing site
(mutation)

Impaired primer annealing on the
affected chromosome
Decreased amplification rates and
heterozygote imbalance
or
Inability to perform any 5′ extension
for this template and false
homozygotes

Preferential
amplification of PCR
product after the
first few cycles

Inability to detect a minor mixture
component beyond a ratio of 1 : 50
Decreased amplification success for
larger alleles/loci in degraded DNA
Allelic drop out and enhanced
heterozygote peak imbalance for
low amounts of target DNA
(stochastic effects)

Repetitive target
sequences difficult
to replicate

Taq polymerase mismatch and
generation of amplicons missing
one or two repeats (stutter)

Efficiency dependent
on fragment length

Heterozygote peak imbalance for
alleles varying in size
Locus imbalance for multiplex
reactions with shorter and longer
target sequences

2009; Benschop et al. 2011). While it has been argued that
maximising the DNA input in a single reaction will yield a
better DNA typing result (Budowle et al. 2009a), the analysis of
multiple aliquots increases the chances of detecting true minor
alleles and identifying random contamination or drop in events
(Benschop et al. 2011; Butler 2011).
STRs are repetitive sequences and after PCR display a
common amplification artifact, named stutter, which is caused
by displacement and re-annealing events for the Taq polymerase. The result is a smaller peak consisting of amplicons exactly
one repeat shorter than the true allele basically preceding every
true STR allele. Based on the circumstances it is also possible
to observe stutter that is two repeats shorter or one repeat
longer (Krenke et al. 2005). Stutter is more prevalent for STR
loci with AT-rich DNA sequences and very regular repeat units
and should be measured during the validation phase (Walsh
et al. 1996; Mulero et al. 2008; Brookes et al. 2012). Even though
it is possible to calculate the expected percentage of stutter for
each STR locus and incorporate this value into the data interpretation, stutter can make mixture interpretation difficult and
can be mistaken for a minor component allele.
The fact that in any given cycle the Taq polymerase will have
been more likely to complete a short DNA stretch than a longer

1151

segment, affects many STR assay design questions. It has
encouraged research into finding suitable primer pairs as close
to the STR target region as possible (Wiegand and Kleiber 2001;
Butler et al. 2003).
These so-called ‘mini’ STRs have been shown to improve the
number of allele calls for degraded DNA. In forensic casework
it is advantageous to maximise the information gain for limited
stain material by testing as many loci simultaneously as possible. STRs must have either different fluorescent labels or different lengths to be distinguished within a multiplex reaction. This
means that not all STRs can be designed to be ‘mini’, and several
commercial providers are now offering supplemental kits with
new primers for less efficient ‘larger’ markers, which can be
used as an additional test for problematic samples (Mulero
et al. 2008; Luce et al. 2009).

STR data analysis
The final STR result depends on the sample and the selected kit
(see Table 63.2). A general distinction can be made between full
and partial results, and single source versus DNA mixture based
profiles. As shown in Figure 63.1, DNA from a single person
can have either two alleles of the same length (homozygote) or
two different alleles (heterozygote) for each STR marker. A
typical single source profile is shown in Fig. 63.2 depicting a
male DNA profile generated using the 15 loci kit Identifiler kit.
The signal intensity or peak height corresponds to the quantity
and quality of the DNA input. DNA from a known individual
believed to be the source of an unknown DNA sample must
match at all detected locations or this individual must be
excluded as the DNA source.
For degraded DNA the number of available targets decreases
for the longer STR alleles, causing a characteristic decline of
signal strength (Coble and Butler 2005). Figure 63.3 shows a
degraded Identifiler DNA profile and the complementary Minifiler results where the missing Identifiler loci have now been
successfully typed due to their smaller base pair length. Only a
subset of loci is shown for the degraded sample.
The results shown in Figs 63.2 and 63.3 were generated on
an Applied Biosystems 3130XL instrument using the same
company’s Genemapper software. The line of fluorescent
sequencers (310, 3100, 3130, 3700, 3730, 3500) produced by
Applied Biosystems is the only electrophoretic platform currently in use for forensic DNA typing. Some possible new platforms are discussed in Section 63.1.9 on future technologies.
The most important features of these instruments are the capability to detect five fluorescent colours to accommodate the
existing human STR megaplexes (see Table 63.2), and the
capacity to resolve single base pair length differences for all
target alleles. Even though most STR alleles differ by 3 bp or
4 bp, allele variants such as THO1 allele 9.3 are not uncommon
and must be correctly identified.
All of the Applied Biosystems fluorescent sequencers use
electrokinetic injection to transport the DNA target molecules
into the capillary. This means that assay sensitivity can be
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Figure 63.2 Genotyping results for a single individual using the Identifiler multiplex. All peaks are labelled with the allele
corresponding to the size of the fragment. The last lane displays the size standard. The amelogenin locus in the red lane shows an X
and Y peak indicating a male individual.

increased by removing competing ions from the electrophoresis
set-up reaction (Smith and Ballantyne 2007). Once the fluorescently tagged amplicons reach the detection window, an argon
ion laser will excite the fluorophore and the emitted light is
transmitted to and measured by a charged coupled device
(CCD) camera (Butler 2011). Several software steps are needed
to convert the original signal intensity data to an STR allele call.
A spectral calibration file is applied to identify the fluorophore
and remove other colour components with adjacent wavelengths; this results in a single colour peak for each amplicon.
The migration time for each peak is translated into the corresponding base pair length using an internal size standard that
is co-injected with each sample. The resulting combination of
base pair size and colour is unique to a specific STR allele. While
it is possible to identify each allele manually, it is more efficient

and more accurate to use software to assign the corresponding
allele call in comparison to an allelic ladder. Allelic ladders are
combinations of all known human STR alleles for each locus
and always run parallel to the test samples. Including an allelic
ladder in each run compensates for any migration shifts and
generates more accurate calls. Figure 63.4 shows all four colours
of an Identifiler allelic ladder electropherogram.
Despite the use of software in the analysis of the STR electrophoresis results, there are several scientific decisions that
need to be made by the DNA laboratory and should be based
on the appropriate assay validations. A recent example describes
a typical evaluation for parameters for two new megaplex kits
(Tucker et al. 2012). Each laboratory has to set rules for the
removal of artifacts caused by overamplified samples or failing
spectral calibration, define the minimum peak height required
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(a)

(b)
Figure 63.3 Comparison of Identifiler and Minifiler results for a degraded sample. The signal at loci D7S820, CSF 1PO and FGA, which
was below threshold for the Identifiler multiplex (a), can be recovered by employing the Minifiler kit with size reduced amplicons (b).

for a peak to be labelled as an allele to eliminate labels on background noise, and establish stutter rates for each locus. Validations need to include typical casework samples and to explore
the limitations of the assay so that they can serve as the foundation for a laboratory’s interpretation guidelines (Butler 2011).
Data are either manually assessed and edited based on established guidelines, or the rules are incorporated into software or
expert systems that will then allow for a more automated data
analysis and data review (Kadash et al. 2004; Power et al. 2008).

Mixture interpretation
A careful assessment of artifacts compared to true allele peaks
is especially important when dealing with DNA originating
from more than one individual. As soon as one STR marker
displays more than two peaks the sample must be evaluated as
a potential mixture of DNA, but if this remains a single event
over all multiplex loci it could also be a PCR artifact such as
stutter, or a genetic anomaly such as a localised chromosomal
rearrangement (Clayton et al. 2004). If multiple loci have more
than two peaks more than one individual must have contrib-

uted to this DNA, but there will always be a level of uncertainty
about how many individuals’ DNA is present. It is possible to
state that for up to four alleles at least two people must have
contributed, and three people for up to six alleles, but the fact
that alleles are shared amongst the human population can cause
low allele counts especially for less informative loci (Paoletti
et al. 2005; Buckleton et al. 2007; Perez et al. 2011). Assumptions
about the number of contributors to an unknown mixture are
an important part of mixture interpretation and the statistical
evaluation of a mixture comparison.
The complexity of results for DNA mixtures varies
immensely. Schneider et al. (2009) distinguish between three
types of mixtures, with type A assumed to display all of the
contributors’ alleles above the threshold, type B showing clear
major and minor components, and type C potentially being
affected by stochastic effects and allelic drop out. Figure 63.5
shows examples for these three types of mixtures. A twocontributor mixture with a clear major component can be
very straightforward and will often allow for an unambiguous
deduction of the major component for database entry. The key
to this approach is using the ratio between the two contributors
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Figure 63.4 Allelic ladder for an Identifiler multiplex. The allelic ladder contains known human alleles for each STR locus.

and the expectation that two heterozygote alleles from the same
source should display a similar signal strength for the evaluation of possible genotypes for each component locus by locus.
This use of peak height or peak area information for the deconvolution of mixtures was first described by Clayton et al. (1998)
and has since then been incorporated into interpretation guidelines (Gill et al. 2006, 2008) and expert system software (Perlin
and Sinelnikov 2009).
It is not always possible to determine the genotypes for both
components at each locus. Especially for the minor component,
alleles can be masked by allele sharing between contributors
and the presence of stutter. In order to not introduce any bias,
it is important to finalise possible allele combinations for each
mixture component blindly without first consulting reference
profiles for suspected contributors. An exception to this is when
the sample is clearly associated with the victim and the victim’s
DNA is expected to be present, as is the case for a vaginal swab
sample. Here the use of a known contributor can greatly help
in resolving the foreign genotype present in the mixture.
Mixtures with no clear major or minor component, as
shown in Fig. 63.5, can still be compared with known references
with the goal of either including or excluding a known individual as a possible contributor to the mixture. Without conclusive peak height information, the number of possible

genotypes at each locus can be quite large and therefore each
population will have a significant portion of individuals that
could theoretically show DNA allele combinations that would
fortuitously repeat in the mixture.
Mixture interpretation becomes increasingly more difficult
for degraded or low quantities of DNA. For these mixtures
there is a high chance that not all alleles belonging to the original DNA sources are also reliably detected in the mixture. Aside
from peaks below the detection threshold, which are still visible
but not labelled, there is also the possibility of complete allelic
drop out with no residual signal. Under these circumstances
there is a risk of falsely deducing a heterozygote locus as
homozygote, which is something that can be addressed by
setting separate peak height expectations for heterozygote and
homozygote loci (Budowle et al. 2009b). Comparing known
references to a mixture with suspected allelic drop out can be
difficult and may lead to a situation where the comparison is
inconclusive. On the other hand, these effects have been well
characterised and data interpretation can account for missing
alleles by weighing scientific explanations for drop out against
the odds of a true exclusion. Under these circumstances it is
necessary to have quantitative data on drop out rates (Tvedebrink et al. 2009) and to address this scenario using likelihood
ratios (Gill et al. 2006).
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(a)

(b)

(c)
Figure 63.5 Representation of three different categories of mixtures according to the German Stain Commission. (a) Type A does not
have a clear major component and has no signal below the threshold. (b) Type B has a major contributor whose genotype can deduced.
(c) Type C has multiple contributors and potential alleles below the analysis threshold.

63.1.5 Background on statistical
evaluations: basic population
genetics
If a suspect or other known reference has been positively associated with an unknown evidence profile, it is imperative to
assign a statistical weight or significance to this association. Not
doing so fails to properly assess the risk of having reported a
false positive or fortuitous inclusion. The statistical framework
for this error rate assessment is based on the fact that DNA
alleles have measurable allele frequencies, and that their codominant genetic inheritance pattern leads to predictable genotype frequencies.
Allele frequencies are generally determined using unrelated
test subjects from different ethnic groups. The requisite size of
such a population frequency database depends on the number
and distribution of alleles at a specific locus, but generally local
DNA databases vary from 150 to 500 samples (Gill et al. 2003).
Allele frequencies have been shown to differ between major
ethnic groups and separate databases are required (Budowle
et al. 1999). While allele frequencies can be measured, genotype
frequencies are calculated based on Mendelian inheritance rules

and an expectation of random mating and Hardy–Weinberg
equilibrium (Balding 2005). The concept of random mating
does not really apply to human populations, and it is generally
expected that local populations have a population substructure,
meaning that many individuals share some common ancestry,
which will lead to an increased number of homozygote genotypes. This and other sampling factors have been evaluated to
develop appropriate statistical adjustments (Gill et al. 2003). A
substructure correction factor of theta of 0.1 for general populations and 0.3 for smaller, more isolated populations has been
suggested by the US National Research Council (Council 1996)
and is widely accepted in the forensic community. This correction replaces the genotype calculation for homozygote types.
Under the assumption of independence, the resulting genotype
frequencies can be multiplied with each other to establish a
cumulative genotype combination frequency or its reverse, the
random match probability (RMP), shown in Table 63.4. The
table illustrates the components of the applicable statistical calculation for six STR loci. A typical result for a large multiplex
with 10 or more loci will exceed the size of the world population (Butler 2009).
This calculation can only be applied to single DNA component profiles and describes how often one would expect to see
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Table 63.4 Sample calculation for a DNA profile.
Locus
VWA

14,19

Allele frequencies

Applicable formulaa

Genotype frequency

Genotype frequency with θ 0.03

0.103, 0.095

2pq

0.02

0.02

TH01

6,9.3

0.231, 0.285

2pq

0.132

0.132

D5S818

11,11

0.281

q2

0.079

0.085

2

D16S539

10,10

0.062

q

0.004

0.006

D21S11

31,32.2

0.054, 0.136

2pq

0.015

0.015

0.124, 0.074

2pq

0.018

0.018

Cumulative

2.25E-10

3.64E-10

RMP (1 in . . .)

4.43 million

FGA

a

Genotype

24,25

2.75 million

The formula for the homozygote genotype incorporating the θ 0.03 correction reads as follows: q + q(1 − q)
2

this particular allele combination across all loci in a population
of unrelated individuals. If a case scenario involves relatives, a
different value must be calculated adjusting for expected allele
sharing. The more STR loci that are included and still match,
the less frequent the combination across all loci is expected to
occur and it becomes increasingly unlikely that a random unrelated person also sharing this profile could be the true source
of the evidence. The RMP is equivalent to a likelihood ratio
(LR) expressing the probability (Pr) of the compared suspect
being the source of the tested DNA versus the probability of the
hypothesis that a different unrelated individual left the DNA.
LR =

Pr(E | H p )
Pr(E | H d )

Here the prosecutor’s hypothesis (Hp) assumes the suspect is
the source of the matching crime scene profile (E) with a probability of 100% (Hp = 1), while the defense (Hd) invokes an
unrelated individual who happens to have the same allele combination. This is an event whose frequency is determined by
establishing the population frequency (Hd = 2pq × 2pq × q2 . . .).
This equation does not contain the prior odds included by Evett
and Weir (1998).
Overall population frequency determination is based on
well-established genetic and statistical principles and will
produce reasonable estimates for single DNA component profiles. It is important to apply the appropriate ethnic groupspecific allele frequencies and it may be necessary to report
results for more than one population, since one cannot assume
that all other possible stain donors share the comparison sample’s ethnic group. Considering 15 or more loci simultaneously,
population frequency values routinely exceed the current size
of the world population. This has lead the US Federal Bureau
of Investigation (FBI) DNA laboratory to formulate a threshold
beyond which the result will not be presented as a probability
but instead as a source attribution, stating that in the absence
of an identical twin or close relative it can be concluded with
reasonable scientific certainty that John Doe is the source of the
DNA in question (Budowle et al. 2000; Butler 2009).

0.03

.

Apart from the source attribution statement, positive associations are presented either accompanied by a population frequency or as a likelihood ratio. For example, ‘The DNA profile
of the blood stain is consistent with the DNA profile of the
defendant and this blood could have come from him. The probability of obtaining this profile from an unrelated individual of
population A is 1 in 2.75 million’. Or as a likelihood ratio, ‘This
profile is 2.75 million times more likely if it came from the
defendant than if it came from an unrelated individual of population A’. There are many equally valid statements to express
the significance of a positive association, but there are also
incorrect and possibly misleading expressions for the same
value. A common problem is the transposition of the conditional, such as stating ‘The probability that this evidence came
from someone other than the defendant is one in 2.75 million’.
This is also called the prosecutor’s fallacy and instead of assigning the statistical value to the evidence it now pertains to the
hypothesis (Evett 1995; Evett and Weir 1998; Buckleton 2005).
Equally misleading is the assumption that if the DNA type of
a crime scene stain has an estimated frequency of one in 2.75
million then it is true that in a city of 9 million three people
are expected to have this profile and could have left the stain.
This is called the defense fallacy (Evett and Weir 1998).The
error here is to apply an equal probability of access/guilt and
therefore argue that the suspect who also shares the profile is
one of three. Presenting statistics in court is a complex issue
and the books cited above are recommended for more detail.
Assigning a statistical weight to a positive association
between a comparison sample and an evidence item becomes
especially important in the context of DNA mixtures. Here
partial profiles, possible stutter and allele sharing can increase
the risk of a false-positive association. As explained above, some
mixtures allow for the deduction of a major or minor component. In this case it is possible to apply a RMP for the resulting
DNA component genotype. For loci where the genotype may
be homozygote but due to drop out or allele sharing there is
also a remaining option of a heterozygote type, the RMP has
been modified to replace the homozygote p2 calculation with a
2p calculation assuming any other possible allele (or 100%) for
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a potential second allele (Buckleton and Triggs 2006). This
modification must be used carefully. If drop out probabilities
are low and the defendant is a true heterozygote, the 2p rule
will not always be in favour of the defendant or conservative,
meaning the resulting calculation will overestimate the likelihood ratio (Buckleton and Triggs 2006).
For mixtures with no deduced major or minor components,
reference samples are compared with all detected alleles and it
can be difficult to determine if a specific reference is associated
with a mixture or not. If the examiners can be sure that all
possible alleles have been detected for a mixture (see Fig. 63.5a),
they can conclude that anybody who has an allele that is not
present in the mixture cannot have been a contributor and can
be excluded. Only under the assumption that all alleles are
present is it possible to calculate a combined probability of
exclusion, by combining all allele frequencies over all loci
(Butler 2009). The resulting value is also called ‘random man
not excluded’ (RMNE) and applies to this evidence profile
without making any assumptions about the underlying genotypes or number of contributors. While this can be a useful
approach it is only valid under a very defined set of circumstances and a likelihood ratio-based statistical approach is recommended (Gill et al. 2006; Buckleton and Curran 2008).
For low template DNA samples, or complex mixtures where
one or all components are present in very low amounts (see Fig.
9.64c), one or two discrepancies between the comparison
profile and the alleles detected in the mixture do not necessarily
point to an exclusion (Gill et al. 2000). Mixtures thus need to
be classified prior to attempting any interpretation (Schneider
et al. 2006; Budowle et al. 2009b). For a statistical evaluation,
the likelihood ratio approach makes the best use of all available
data (Gill et al. 2006) and can be modified to incorporate locusspecific drop out and general drop in rates (Gill et al. 2007;
Tvedebrink et al. 2009). To properly formulate the prosecution
and defense hypothesis it is necessary to include the assumed
number of possible mixture contributors, since this will have a
definite effect on the resulting likelihood ratio (Buckleton et al.
2007). Allele sharing is unavoidable and there will always be a
level of uncertainty surrounding the true number of individuals in a mixture. In order to not overestimate the likelihood
ratio, thereby possibly incriminating a defendant, it is generally
recommended to minimise the number of assumed contributors for the defense hypothesis in the denominator (Brenner
et al. 1996; Gill et al. 2006). An alternative approach for mixture
statistics is using expert systems that can model across several
possible hypotheses explaining the data (Perlin and Sinelnikov
2009). Refer to Gill and Buckleton (2010) for an overview of
concerns regarding low template DNA statistics.

63.1.6 Haplotypical markers and
their application
Genetic polymorphisms located on other cellular structures
than the autosomal chromosomes occupy a special place in
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forensic DNA testing. Such haplotypical markers include
Y chromosomes and mitochondrial DNA (mtDNA). Y
chromosome-specific STR loci are a useful tool in sexual assault
cases, while single nucleotide polymorphisms (SNPs) found
on the mitochondrial genome are tested for samples with
low nuclear DNA content such as hair shafts or compromised
bones.

Y chromosome-specific STR loci
Y chromosome-specific STR loci share their structure with
autosomal STRs and were first described in the early 1990s
(Santos et al. 1993). Since then, a large body of work has been
published on structural aspects and population genetics of
Y-STR loci, as well as on forensic applications (Roewer 2009),
and scientific recommendations have been issued (Gusmao
et al. 2006). When testing body fluids in sexual assault cases
with predominantly male perpetrators, a male-specific set of
DNA polymorphisms such as Y-chromosomal STRs will enable
the investigator to test evidence items such as vaginal swabs
without interference of the female victim’s DNA. While for
autosomal markers it is not possible to detect the minor
component below ratios of 1 : 25 or 1 : 50, Y-specific STRs will
yield specific genotypes even if mixed with female DNA at a
ratio of, for example, 1 : 2000 (Prinz et al. 1997). Thus the main
advantage of Y-STRs in forensic science is their application to
samples where differential lysis is not possible. This includes
male saliva or male blood as part of a mixture, or unsuccessful
differential extractions, resulting in samples with autosomal
results displaying only a few minor male DNA peaks. This
approach has enabled investigators to obtain probative results
after extended intervals following a sexual assault (MayntzPress et al. 2008).
As for autosomal STRs, Y-STR testing has been optimised by
combining multiple loci in large multiplexes (Krenke et al.
2005; Mulero et al. 2006). Figure 63.6 displays results for the
Applied Biosystems AmpFlSTR Y filer kit. Note the presence of
a single peak at each locus except DYS385. This locus contains
a well-documented duplicated region with two separate STR
stretches that can either have the same length (resulting in one
peak) or show different repeat numbers (resulting in two peaks)
(Seo 2003). A triple peak pattern at this locus or any duplication
at other loci can potentially lead to misidentifying a single
source profile as a DNA mixture. Since this may affect up to 1%
of all Y chromosomes, DNA analysts must be aware of this
phenomenon when looking at DNA mixtures (Butler et al.
2005). Y chromosomal anomalies can also cause loss of amplification signal through large-scale deletions of the target areas.
One well-characterised drop out occurs for DYS458. This STR
is located 1.13 Mb distant from the amelogenin gene on the
short arm of the Y chromosome and it has been shown that this
STR is consistently absent for amelogenin Y negative males
(Jobling et al. 2007; Yong et al. 2007; Takayama et al. 2009).
Gender misidentification and loss of Y-STR signal can complicate data analysis in cases involving male DNA mixtures.
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Figure 63.6 Genotyping results for a single-source semen sample using the Y chromosome-specific Y filer multiplex. All peaks are
labelled with the allele corresponding to the size of the fragment.

The evaluation of the statistical weight of a matching Y-STR
result must consider the fact that there is no recombination,
and the Y chromosome with its specific STR alleles is inherited
in uniparental fashion, so that all male descendants from the
same father are expected to share the same Y-STR haplotype.
All Y-STR loci are considered linked and the product rule
cannot be applied. In order to estimate the frequency of a particular haplotype in the human population, it is necessary to
establish large databases of unrelated individuals for defined
loci combinations and count how often the haplotype has been
observed. The two largest repositories for Y-STR haplotype frequency data can be accessed via YHRD with 710 populations
from 106 countries and US Y-STR with five population groups
(Butler 2011). Patrilineal inheritance causes vulnerability for
population bottleneck effects and increases population substructure, making Y chromosome-specific polymorphisms a
valuable tool for tracking human migration. Large data collection efforts have revealed haplotype frequency shifts within
ethnic groups such as the European Caucasian population

(Roewer et al. 2005). These complex inheritance and migration
patterns impede the interpretation of a Y-STR match in a
criminal court setting. Exclusions are unambiguous; a match,
however, will also include all paternal relatives and an unknown
number of other unrelated local male residents. While the database can be used to get an approximation of the haplotype
frequency, this is difficult for very rare haplotypes. Butler (2011)
describes a 17 locus dataset where 95% of the multilocus haplotypes had never been observed before and thus any inference
on how many more individuals would need to be sampled
before encountering this profile are problematic. A conservative
approach of assuming a count of 1 and applying a confidence
interval (Butler 2011) probably underestimates how rare many
of these unique haplotypes are, and alternative approaches are
under discussion (Brenner 2010; Buckleton et al. 2011). Other
critical concerns regarding the establishment of reasonable statistical weight estimates arise when dealing with casework
samples that have both autosomal and Y-specific results, and
male with male mixtures. Combining Y-STR haplotype fre-
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Figure 63.7 Mitochondrial DNA sequence alignment with the revised Cambridge reference sequence (rCRS). The highlighted position
displays a base call difference between the test sample and the rCRS. This will be reported as 16193 T.

quencies and autosomal DNA results for unrelated individuals
has been supported after studying possible linkage effects, but
cautions include the use of substructure corrections factors
as well as avoiding this calculation if relatives are involved
(Amorim 2008; Walsh et al. 2008). Mixtures of multiple males
will allow for comparisons with reference sample haplotypes,
but unless there is a major component it will be difficult to
establish how many other haplotypes and thus how many unrelated individuals could fortuitously have been associated with
this mixture (Buckleton et al. 2005b; Fukshansky and Baer
2005, Ge et al. 2010a, 2011).
A novel approach to maximise the information content for
Y-STRs in forensic evidence testing is to expand the marker
panel by adding rapidly mutating loci (Vermeulen et al. 2009;
Ballantyne et al. 2010, 2012). With these increased mutation
rates it is not only expected that it should be possible to distinguish between male relatives, one can also anticipate finding
less population substructure.

Mitochondrial DNA
Mitochondrial DNA resides outside the cell nucleus and assays
detecting mtDNA polymorphisms have the advantage of an
increased target amount since a single cell may have hundreds
or thousands of mtDNA copies. Because of this difference in
copy number and the unique maternal inheritance of the
mtDNA organelles, the main forensic science applications for
mtDNA testing are samples with low or degraded amounts of
nuclear DNA (hair shafts or bone tissue) or situations where
the maternal lineage needs to be identified.
There are many fundamentals differences between nuclear
and mitochondrial DNA. A recent book, Advanced Topics in

Forensic DNA Typing (Butler 2011), provides a good introduction to the history and the challenges of forensic mtDNA applications. While extensive work has been done to characterise
polymorphic sites of forensic interest across the complete
16 569 bp mitochondrial genome (Parsons and Coble 2001;
Brandstatter et al. 2003), most forensic assays are still limited
to the hypervariable regions HV1, HV2 and sometimes HV3
(Lutz et al. 2000) comprising the control region of the circular
DNA molecule. MtDNA polymorphisms are SNPs and are
expressed in comparison to a human reference sequence that
was first established and then revised in Cambridge and is thus
called the revised Cambridge reference sequence (rCRS)
(Andrews et al. 1999; Parsons and Coble 2001). Figure 63.7
displays the commonly used data format of only listing the
differences to the rCRS.
The most common test method for mtDNA SNPs is still
direct sequencing, often with various primer sets that decrease
the amplicons’ length and improve success rates for degraded
samples (Gabriel et al. 2001; Berger and Parson 2009). Many
alternative methods have been described for HV1/HV2 and the
coding regions. Some specifically target known polymorphisms
(Vallone et al. 2004; Chong et al. 2005; Bento et al. 2009); others
replace Sanger sequencing with alternative sequencing methods
(Andreasson et al. 2007; Holland et al. 2011) or use mass
spectroscopy-based approaches to detect sequence differences
(Hall et al. 2005; Oberacher et al. 2006). It is important to note
that data are not always comparable over different platforms,
for example it is possible to predict the mass measurement for
a specific sequence, but mass spectroscopy cannot determine
each base location. Overall, targeted SNP assays are more efficient but primer sequence polymorphisms can lead to null
alleles, and the lack of knowledge about the remaining nontarget SNPs may reduce the information content compared
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with direct sequencing. In general, there are several promising
techniques to increase mtDNA discrimination by expanding
testing beyond the control region, which makes it important to
also establish the appropriate population databases (Irwin et al.
2011) and make sure that data quality meets forensic reliability
standards (Bandelt and Salas 2012).
As mentioned above, forensic mtDNA testing has been
focused on complicated kinship investigations and biological
material with limited amounts of nuclear DNA such as bone
matrix (Lutz et al. 1992) and hair shafts (Wilson et al. 1995).
The advent of DNA-based hair comparisons provided a useful
tool to evaluate microscopic hair examination results. In a study
set of 97 hairs, all morphology-based exclusions were confirmed, but nine of 80 positive associations were excluded by
DNA thus firmly establishing mtDNA testing as the preferred
method for hair comparisons (Houck and Budowle 2002).
MtDNA testing is a very sensitive method and rates of obtaining full or useful partial profiles have been shown to be greater
than 90% (Melton et al. 2005), with diminishing success for
very small fragments (below 0.5 cm) or other types of body
hairs (Pfeiffer et al. 1999). The high level of sensitivity requires
that hair samples are thoroughly decontaminated prior to analysis and that all testing is performed in a contamination-free
environment with appropriate controls (Wilson et al. 1995).
Very low levels of background contamination can be considered
when interpreting the data and do not necessarily invalidate the
results (Carracedo et al. 2000).
A phenomenon called sequence heteroplasmy challenges not
only the typing but also the interpretation of mtDNA data.
MtDNA sequence heteroplasmy is defined as the presence of
more than one type of mtDNA genomes within a cell or an
individual. Length heteroplasmy is characterised by various
amounts of bases comprising a stretch of repeated bases, for
example the HV1 region C-stretch spanning nucleotide positions 16184 to 16193. For many individuals a T base at position
16189 interrupts this C-stretch. If this T is not present, polymerase replication slippage will result in the loss or addition of
additional cytosines and length heteroplasmy, forcing the DNA
analyst to apply additional primer sets for sequence generation
(Butler 2011).
Single nucleotide heteroplasmy either manifests itself
through two different base calls for the same position, or
sequence differences across multiple body tissue types for the
same individual (Calloway et al. 2000). The occurrence of
sequence heteroplasmy has been thoroughly discussed in the
literature (Melton 2004) and has led to interpretation guidelines requiring more than one sequence difference for an exclusion (Carracedo et al. 2000).
Like the Y chromosome, mtDNA is not subject to recombination and must be treated as a haplotype. It is inherited only
maternally and can be used to trace multigenerational transmissions and to establish population migration and mating
patterns. This also means that it is necessary to establish a large
population haplotype database to generate population frequency estimates for matching mtDNA types. As with Y-STR

haplotypes there are common and rare mtDNA haplotypes
within individual populations, with many sequences being
unique to the database. The current approach for presenting
statistical weight in court is thus also based on the counting
method with a confidence interval (Holland and Parsons 1999),
with or without adding the observed haplotype to the database.
The largest publicly accessible database has been compiled by
the European DNA Profiling Group and is hosted by the Institute of Legal Medicine in Innsbruck Austria. Release 5 of this
EMPOP database contains over 14 000 samples mostly of European descent. A Korean compilation of published sequence data
overlaps with EMPOP and search results cannot be combined.
The US FBI has created an American population dataset of over
4000 individuals (Monson et al. 2002).

63.1.7 Forensic DNA databases
DNA typing is a powerful tool for direct comparisons between
profiles obtained from evidence items and specific reference
samples, but the main investigative value is connected to the
existence of large DNA databases containing DNA profiles from
previously convicted offenders or other subjects of interest.
According to a 2008 Interpol survey polling all 172 member
countries, 54 countries had national DNA databases, but it can
be assumed that this number is increasing. The survey indicates
that 29 countries were planning to introduce a national DNA
database (Interpol DNA Unit 2008). In 2008, these 54 countries
were storing over 16 million DNA profiles, with the majority
being from known individuals such as convicted offenders,
arrestees or other subjects, and approximately 8% (1.2 million)
from crime scene evidence (Butler 2011).
Since the inception of the first national DNA databases – in
the Netherlands in 1994, UK 1995, Austria 1997 and in 1998 in
Cyprus, France, Germany (van Camp and Dierickx 2007) and
the USA – thousands of unknown evidence profiles have been
matched to a known individual. Focusing databases on persons
with prior criminal convictions is justified through the documented high level of recidivism for certain crimes (Wickenheiser 2004) and it has been reported that for high volume crime
types in the USA for every DNA conviction 7.4–7.8 additional
crimes are avoided (Siegel and Narveson 2009). There are
several key decisions that must be made during database design,
which include computer technology, resources, scientific
approaches and legal and ethical concerns. Table 63.5 outlines
the basic quality requirements for an effective but not overreaching DNA database.
In general, databases contain several separate indices and
searches can generate the following types of hits: ‘case to case’,
where one evidence profile matches another which indicates
that both crimes belong to a series, and ‘case to known’, where
an evidence profile matches to a convicted offender or other
subject, thus providing a name for further investigation. In
addition to data pertaining to criminal investigations many
countries have databases for storing and searching DNA from
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Table 63.5 Key quality factors for a DNA database.
Quality factors

Explanation

Data
compatibility

DNA profiles must be based on loci shared
amongst databases
Data must be stored in a sharable file
format

Data quality

DNA profiles must be generated in a
laboratory with a quality system in place
(proficiency testing, technical review,
contamination control)
All profiles must have results for a
minimum number of loci
DNA mixtures are only allowed under
certain criteria
Data entry or import is controlled for errors
Forensic evidence profiles must be relevant
to the crime under investigation

Data protection

Addition of DNA profiles from known
individuals is governed by specific laws
Identifying information is stored separately
from the genetic profiles
Genetic profiles are not based on coding
regions
Penalties are attached to unauthorised
name release or unauthorised additional
testing
Data retention policies are in place
A legal framework for removing profiles
exists
Computer networks are secure and access
is limited

unidentified bodies and personal effects or family references
from missing persons.
At the Office of the Chief Medical Examiner in New York
City more than 90% of convicted offender hits obtained within
the US CODIS (Combined DNA Index System) database occur
from the New York State Convicted Offender Index (M. Prinz,
unpublished). This trend has been consistent since the first
inception of the New York State Index in 2000 and illustrates
how DNA databases show the highest level of effectiveness in a
close geographical area. Therefore every state or country can
maximise its database efficiency by ensuring collaboration and
contributions at this level. But for smaller countries and with
increasingly open borders, there is a need for international data
exchange and several European countries have agreed to allow
searches against each other’s databases. In addition, there is also
the option to submit individual legal assistance requests to
other jurisdictions and Interpol has started a DNA database
and DNA gateway project that provides for the transfer of DNA
profiles between two or more countries (ENFSI 2009; Interpol
2009).
Database searches grow increasingly complex with larger
databases (Butler 2011). The comparisons are not just a matter
of finding identical profiles. Due to the presence of loci with
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unresolved mixtures, possible null alleles or other factors,
search stringencies must be modified to allow for potential
associations of samples without 100% allele agreement. These
lower search stringencies will also minimise false-negative
search results caused by errors in the DNA profiles. It is important for all database searches to not only rely on the electronic
data but to verify a database hit through a direct comparison
with the original data, and if possible duplication of the reference sample. For lower stringency searches a hit is only the first
step in declaring a true match or positive association between
the two samples. In many instances a review of the original
crime scene DNA profile with the underlying allele peak height
information does not confirm the match so it is important to
avoid premature notifications to investigative agencies or other
interested parties.
The European Network of Forensic Science Institutes
(ENSFI) has issued a detailed review and accompanying recommendations on DNA databases (ENFSI 2009). Recommendations include specific instructions on DNA typing-related issues
such as the entry of new alleles, the verification of hits to DNA
mixtures discussed above, or ensuring quality through laboratory accreditation. The document also draws on previous statistical studies to assess the likelihood of finding fortuitous
matches, which correlates to the size of the database and the
expected population frequency of the specific genotype combination of a DNA profile. The number of STR loci that are successfully typed strongly affects the genotype frequency, and
therefore in order to prevent accidental matches the minimum
number of required loci should be as high as technically feasible. It is important to note that the statistical weight of a DNA
match is not weakened by the size of the database and the fact
that the match was found through a database search (Balding
2005). While it is true that a larger database may make a match
more likely, this also means that more individuals have been
shown to be excluded as non-contributors. However, it is generally not the domain of the forensic scientist to introduce prior
odds into the case deliberations (Sjerps and Meester 2009; Biedermann et al. 2011; Nordgaard et al. 2012). It is the role of the
court to evaluate additional non-DNA factors in each case.
The expected number of fortuitous matches in a database is
also influenced by the presence of relatives and particularly if
identical twins are present in a database a crime scene stain will
match to two separate individuals. These types of associations
must be dealt with in the follow-up investigation. Expected
allele sharing and similarities between profiles of related individuals have led to the notion of searching national DNA databases not only for the source of DNA found at a crime scene,
but also for relatives who could lead to the identification of the
perpetrator. These so-called familial searches have solved
several cases, for example the ‘shoe rapist’, a serial rapist who
was identified because his sister was in the UK database, and
the ‘grim sleeper’, a serial killer who is believed to be responsible
for 16 homicides in Los Angeles (DNA Forensics 2012) whose
son was a convicted offender. The laboratory in California
employed a likelihood ratio-based search approach to find this
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association. This case also illustrates the use of additional
Y-STR typing as a means of further evaluating a possible familial relationship between the source of crime scene profile and
the ‘similar’ known reference (Myers et al. 2011). DNA databases in general and familial searching in particular have been
the subject of criticism by human rights and data privacy advocates (Walsh 2005; Gershaw et al. 2011; Kim et al. 2011). These
concerns are important and must be evaluated from all available angles to balance goals pertaining to public safety and
criminal justice with database risks and negative impact on
societies.

63.1.8 Forensic applications for SNPs
In the last 25 years DNA testing has evolved into a highly discriminating tool for human identification, which cannot only
match evidence to known references and human remains to
candidate families, but can also find previously unknown associations through global database searches. Over the same timespan genetic research has triggered many new technologies and
has uncovered vast amounts of new information and new
mechanisms for the human genome, which may now become
useful for forensic scientists (Kayser and de Knijff 2011).
One area of research has always been nuclear SNPs, which
are ubiquitous throughout the human genome. For forensic
applications it is useful to distinguish between four categories
of SNPs: identity testing SNPs used for individualisation or
kinship analysis, lineage informative SNPs that function as haplotype markers, ancestry informative SPNs that can point to an
individual’s biogeographical origin, and phenotype informative
SNPs correlated to visible traits such as eye and hair colour
(Budowle and van Daal 2008). Separate SNP panels with different loci characteristics must be selected for each of these
applications (Table 63.6).
Table 63.6 Characteristics and current status of SNP markers.
Characteristic

Effect

Low mutation rate

Advantage for kinship and extended
pedigree investigations

Short amplicon size

Higher success rate for degraded DNA

Abundant in genome

Potential to select large number of
independent markers

Mostly bi-allelic

High rate of allele sharing and
decreased mixture resolution

Low power of
discrimination

Large number of markers required

Prone to population
substructure

Disadvantage for human identity
testing but allows for ancestry
determination

Wide variety of
technical platforms

Requires development of forensic data
quality and interpretation standards

Identity SNPs
Most SNPs have only two alleles and thus can have only three
genotypes, for example, for a CT SNP, the possibilities would
be CC, TT and CT. There are also tri-allelic SNPs that could be
promising for forensic casework (Westen et al. 2009). Depending on their allele frequency distribution, SNPs can have varying
rates of heterozygosity and range from moderately discriminative for equal allele frequencies to almost uninformative if the
less frequent allele, also called the minor allele, is rare. Each SNP
is considered a unique mutation in the human DNA sequence
and since reverse mutations are rare all alleles are more likely
to be identical by descent (Jobling et al. 2004). This low mutation rate makes SNPs a promising tool for immediate kinship
and extended pedigree testing (Borsting et al. 2008). Due to
the lower discriminatory power, a panel of 45 or more SNPs
is required to replace the current panels of 13–15 STRs
(Chakraborty et al. 1999; Gill 2001).
Previously discussed mtDNA assays illustrate that there are
many different technologies to detect sequence differences or
SNPs. These markers can be tested in increasingly large panels
as is routinely done in genome mapping and genome-wide
associations studies where many thousand of SNPs are tested
simultaneously (Hinds et al. 2005). Due to the abundance of
SNPs it is possible to create many panels of unlinked noncoding SNPs that all have high heterozygosity and low population substructure, which are the main criteria for inclusion in
an identity testing assay (Phillips 2004; Kidd et al. 2006; Sanchez
et al. 2006; Pakstis et al. 2007). For forensic applications smaller
panels have been developed and successfully tested in collaborative studies (Musgrave-Brown et al. 2007; Tomas et al. 2009).
The use of many different non-standardised SNP test panels
would compromise data comparability between laboratories
and is therefore not desirable for forensic applications. SNP
data are also not compatible with existing large convicted
offender and crime stain databases, and this a compelling
reason against changing technology unless other significant
advantages can be gained (Gill et al. 2004).
With only one base pair as the detection target, specific
primers can be designed very close to the SNP location and thus
generate amplicon sizes of approximately 50 bp. The short
amplicon sizes theoretically make SNPs a much better human
identification tool than STRs for degraded samples, however
the development of size-reduced STR amplicons has already
significantly increased the success rate for degraded samples.
Comparative studies have shown that SNPs do not necessarily
improve results for degraded samples over mini-STRs (Dixon
et al. 2006; Senge et al. 2011). But the ubiquitous SNP distribution allows for specific panel selection and a recent publication
describes a forensic 18 SNP multiplex where all target SNPs
were located in the nucleosome area, showing a characteristic
pattern of intercalated histone molecules. These histone–DNA
complexes are believed to be protected from enzymatic cleavage
and a comparative study between other autosomal SNPs, miniSTRs and the new 18plex shows increased typing success for
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artificially degraded DNA for the nucleosome SNP panel
(Freire-Aradas et al. 2012).
A major disadvantage of a potential SNP system for forensic
identity is the fact that any crime scene sample can consist of a
mixture of DNA. With only three genotypes for bi-allelic SNPs,
allele sharing is expected and will make mixture interpretation
more difficult (Butler et al. 2007). This is especially true for
array-based detection systems with no signal quantification and
therefore mixture resolution may be more feasible for pyro
sequencing or mass spectrometry (Sobrino et al. 2005). This
situation is different for tri-allelic SNPs where, depending on the
panel and the relevant population, 75% (Dutch) or 95% (Netherlands Antilles) of all two-person mixtures would be detectable
(Westen et al. 2009). Reports on large, high density SNP arrays
and their theoretical ability to resolve mixtures have yet to be
confirmed (Voskoboinik and Darvasi 2011; Egeland et al. 2012).
In summary, it can be stated that SNPs are currently more
likely to become an additional tool for human identify testing
then to replace the existing STR assays and databases (Butler
et al. 2007; Butler, 2011). There is a wide array of SNP detection
methods and instrumentation (Butler 2011). Even for limited
forensic casework applications it is important to standardise
marker selection and choose compatible technical platforms
that work with low amounts of target DNA and can be validated for forensic purposes.

Lineage SNPs
Lineage SNPs are targeted for investigations of multigenerational pedigrees and comparisons with relatives. These SNPs
must be tightly linked, a condition that is met for the uniparentally inherited mtDNA and the Y chromosome. As discussed
in a previous section, mitochondrial DNA testing already
targets sequence differences or SNPs. Y SNPs have been proven
to be equally useful for haplogroup assignment and human
migration studies (Underhill 2000; Brion et al. 2004) making
these polymorphisms candidate markers for ancestry determination (see below). With its reduced recombination rate the X
chromosome is also a source for linked SNPs that will reveal
population substructure (Laan et al. 2005). The progress made
in human genome sequencing and the HapMap project have
allowed for the identification of haplotype blocks of neighbouring SNPs that are inherited together on autosomal chromosomes (Ge et al. 2010b). It remains to be seen how this latter
type of polymorphism will be incorporated in forensic
applications.

Ancestry informative SNPs
The development of ancestry informative markers is driven by
interest in human evolution and migration (Jobling et al. 2004),
professional companies offering this type of testing to genealogists with a desire for personalised genetic histories (Shriver
and Kittles 2004; Royal et al. 2010) and the medical community
interested in disease susceptibility and drug response variations
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in different populations (Feero and Guttmacher 2010; Jonassaint et al. 2010).
There are several approaches to determine the ancestry or
geographical origin of a single individual. To a certain degree
all human DNA retains traces of evolutionary history and allele
frequencies in coding and non-coding regions will vary in different ethnic groups. On the other hand, no test can reveal
where all the ancestors of a single person came from (Kayser
and de Knijff 2011). Allele frequencies are affected by many
factors, including natural selection (Akey et al. 2004). Nevertheless researchers have developed ancestry informative marker
sets by screening publicly available databases for SNPs with
skewed allele frequencies in various populations, or fixed difference markers for which each allele is seen exclusively in one
population group and not in another (Shriver et al. 1997). Some
of these SNPs are associated with regional functional adaptations that have been subject to strong positive selection such as
de-pigmentation in Europe or malaria resistance in tropical
Africa (Jobling et al. 2004). Phillips and co-authors (2007)
described a single multiplex panel including three fixed SNPs
that in itself were already informative for the three tested ethnic
groups (African, European, East Asian). Smaller marker panels
may have the advantage of possibly achieving the high detection sensitivity required for forensic applications, but in general,
a larger panel will be more powerful in detecting admixture in
test subjects (Halder et al. 2008).
Many studies have shown Y chromosomal and mtDNA SNPs
to also be ancestry informative for the respective paternal and
maternal lines (Underhill and Kivisild 2007; Corach et al. 2010),
but it is important to remember that these haplotypes originate
from a single ancestor from many generations in the past. This
is especially important in forensic genetics where ancestry
testing has the goal to characterise unidentified human skeletal
remains and provide investigative information about the source
of biological evidence found at a crime scene. A remote, basically unknown ancestor may have no effect on an individual’s
current physical appearance and their cultural ethnic identity
(King et al. 2007). If ancestry determination is meant to lead to
a correlation to overt physical features such as skin colour, it
will be necessary to develop large panels of markers, produce
more data on admixture rates within populations, and generate
databases for individual biogeographical ancestry (Shriver et al.
2003; Hammer et al. 2006; Halder et al. 2008, 2009; Lao et al.
2010; Santos et al. 2010). Current autosomal SNP panels provide
limited information that may only be useful for individuals
with unmixed ancestry (Kayser and de Knijff 2011). Therefore
new forensic research aims at determining phenotypical traits
independent of ethnic origin by targeting genetic polymorphisms linked to genes responsible for human variation.

Phenotype predictions
As outlined in a 2011 review by Kayser and de Knijff, knowledge
on the genetic factors contributing to human appearance is still
limited. Most of these features are believed to be multigenic and
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multifactorial traits that can also be modified by external factors
such as age, nutrition and the environment. The discovery of
genes relevant for externally visible characteristics (EVCs) is
now being pursued using genome-wide association studies
(Pulker et al. 2007; Kayser et al. 2008; Kayser and Schneider
2009) but numerous markers, especially for pigmentation (eye,
hair and skin colour), have been under investigation for several
years (Shriver et al. 2003). The Forensic Science Service in Great
Britain developed the first forensic application for an EVC
marker, namely several SNPs in the melanocortin 1 receptor
gene associated with red hair (Grimes et al. 2001).
Tully (2007) provided a review of the genes involved in
human pigmentation and noted that admixture and normal
genetic variation create many intermediate forms that will need
careful examination. According to Kayser and Schneider (2009)
only three EVCs, namely red hair colour and blue and brown
eye colour, can currently be predicted with an accuracy sufficient for forensic use but more markers will be available in the
future.
Several SNP candidates and often overlapping panels have
been described for eye, skin and/or hair colour (Sulem et al.
2007; Mengel-From et al. 2010; Valenzuela et al. 2010; Spichenok
et al. 2011; Walsh et al. 2011b). For eye colour, the IrisPlex
system has been validated for forensic use (Walsh et al. 2011a)
and its application has been described in a missing person case
(Purps et al. 2011), but more markers and a objective classification are needed for intermediate eye colours such as green and
variations of blue and brown that could be described as light
brown or grey (Liu et al. 2010). Exact classification of pigmentation traits is a prerequisite for genetic correlation studies, and
the study of admixed populations is essential for understanding
pigmentation differences among populations (Valenzuela et al.
2010; Quillen and Shriver 2011).
Other external traits under investigation are facial features
such as chin dimple, hairy ears, ear lobe attachment, widow’s
peak (pointed frontal hairline) and freckles (Pulker et al. 2007).
Clearly there must be genetic determination involved for many
physical features such as facial morphology or height, but as
the example of human height shows, detectable genetic polymorphisms only explain a small fraction of the physical variation (Lango Allen et al. 2010; Lettre, 2011). The authors of
a recent genome-wide association study concluded that for
height even the discovery of additional unidentified variants
would still only be able to predict less than 20% of heritable
variation (Lango Allen et al. 2010), which would mean height
predictions may never reach the accuracy required for a practical forensic application (Kayser and Schneider 2009). Another
interesting area of research is age determination. This type of
information clearly could have an investigative purpose and a
recent publication studying the correlation between age and
T-cell DNA rearrangements looks promising (Zubakov et al.
2010).
Kayser and Schneider (2009) have provided a well written
review of ethical and legal considerations pertaining to forensic
genetic testing for EVCs. With this rapid progress in genetic

testing, societies clearly have to determine which is the ‘greater
good’ when weighing concerns about genetic privacy and possible racial profiling against the potential benefits gained for
public safety. Kayser and Schneider (2009) argued that, specifically for the application of EVCs in criminal investigations,
privacy concerns are less applicable since all detected traits are
visible and, in addition, the data are generated for unknown
evidence samples with no expectation of privacy. Any information provided is very similar to what an eyewitness may have
contributed to the investigation but with the advantage of a
validated error assessment. Eyewitness statements and EVC
results both have the potential of focusing the investigation
towards a specific ethnic group, but could also remove a wrongly
targeted minority group from the suspect list. The authors
acknowledged the need for further discussion and legislative
action and encouraged the forensic scientific community to
contribute (Kayser and Schneider 2009).

63.1.9 New directions: possible
enhancements and emerging
technology for human STR testing
With STRs likely to remain the ‘workhorse’ of human identity
testing it is useful to review new technical developments that
could improve STR results for compromised samples or mixtures, enhance the power of discrimination or simply make
detection more efficient.
One area of research has been addressing the availability of
DNA templates for STR amplification. DNA repair enzymes
can potentially remove single-stranded nicks and restore DNA
fragments prior to the initial denaturation step and have been
shown to slightly improve testing results for degraded DNA
(Westen and Sijen 2009; Diegoli et al. 2012). Whole genome
amplification (WGA) can be used to pre-amplify the DNA in a
sample and thus provide multiple copies of the target DNA for
subsequent STR analysis. Several different methods have been
described to achieve this and some have been shown to work
well for high quality DNA but not for low amounts or forensically relevant compromised samples (Schneider 2004; Barber
and Foran 2006). Other authors describe WGA assays as generating results at the single cell level (Hanson and Ballantyne
2005) and as generally having the potential to improve STR
profiling success for casework samples (Ballantyne et al. 2007;
Tate et al. 2012). But stochastic effects such as heterozygote
drop out and STR peak height imbalance persist for low template amounts and more work is needed. Locked nucleic acids
(LNAs) are synthetic nucleic acids that can be incorporated into
any primer and have been shown to increase oligonucleotide
binding strength, thus making the PCR step more efficient and
increasing signal strength for STR typing (Ballantyne et al.
2008). This effect has been confirmed for a variety of forensic
sample types but results are highly dependent on LNA primer
design and this assay will require more optimisation (Ballantyne et al. 2011).
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It is possible to avoid DNA mixtures by manually separating
cell types or cell clusters prior to extraction. In the future it may
be possible to separate DNA from different sources after the
extraction step by using capture and release technology with
DNA probes that bind to specific haplotype sequences. Rothe
and co-authors (2011) described this haplotype-specific extraction method applied to Y STR testing and demonstrated an
enrichment of the targeted contributor’s DNA.
Capillary electrophoresis designed to detect DNA fragment
length variation has been the primary tool for STR typing for
many years now. New technologies address two separate needs
as far as this detection step is concerned. One area of research
is aiming to simultaneously characterise not only the STR allele
length but at the same time distinguish repeat sequence variation for same-length alleles and to detect SNPs in the flanking
region. As described above for mtDNA all of this information
can be obtained either by direct sequencing methods, mass
spectrometry or next or second generation sequencing. All of
these techniques would still yield the STR allele length information and thus be compatible with current databases but there
are limitations as to read length and multiplex design. Divne
and co-authors (2010) tested 10 STR loci using pyrosequencing, amplifying two loci at a time and being limited to loci with
alleles smaller than 200 bp. Fordyce et al. (2011) successfully
applied the Roche Genome Sequencer FLX instrument to STR
loci in monoplex reactions. See Metzker (2010) for a general
introduction to the new sequencing platforms. This type of
STR allele characterisation can also be achieved by variations
of electrospray ionisation mass spectrometry. Multiplexing
levels for this assay range from three to 13 loci, sample preparation can be highly automated and, as expected, allele variants
were found for the majority of the tested STR loci, leading to a
higher power of discrimination (Pitterl et al. 2010; Planz et al.
2012). All of these techniques still need to be evaluated for low
template DNA amounts and DNA mixtures. It will also be
interesting to see if third generation single-cell sequencing
techniques will find a forensic application (Berglund et al.
2011).
The second direction for STR typing is to make the whole
process faster and to integrate DNA extraction, amplification
and separation in a single device that potentially can be deployed
in the field, similar to point of care diagnostic devices in a clinical setting. There has been progress on microfluidic devices
(‘lab on a chip’) since this was first discussed in forensics over
a decade ago (Horsman et al. 2007). So far work on three more
or less integrated platforms has been published (Giese et al.
2009; Bienvenue et al. 2010; Hopwood et al. 2010; Hurth et al.
2010; Liu et al. 2011), with at least one more instrument under
development by the company IntegenX (Butler 2011). The goal
for a typical integrated system is to generate STR results for
several samples in parallel in less than 3 hours. There needs to
be discussion on the development of appropriate standardisation for the use of mobile devices in the field. Currently forensic
DNA laboratories follow strict quality assurance standards that
include mandatory positive and negative controls, proficiency
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testing and interpretation guidelines; this quality expectation
should not be lowered. The first application for these on-site
testing devices will most likely be for reference samples (buccal
swabs) collected at police booking stations or border control
agencies. Evidence samples often require optimised extraction
methods based on tissue type and should not be used for this
type of preliminary testing unless a sufficient portion of the
sample is preserved or the success rates can be shown to be
equivalent to existing laboratory methods.
In order to accommodate urgent testing requests crime laboratories are working on speeding up DNA analysis by addressing time-consuming steps such as the PCR reaction (Vallone
et al. 2008; Laurin and Fregeau, 2012; Verheij et al. 2012). There
are many other efficiencies that can be pursued with existing
equipment. The last example to be mentioned here is melting
curve analysis. This real-time PCR test using either Hy-Beacon
or fluorescence resonance energy transfer probes theoretically
can distinguish between different DNA sequences and allows
for the screening of large sample numbers so that more extensive STR testing can then be focused on a subset of probative
samples (French et al. 2008; Halpern and Ballantyne 2011).

63.2 Paternity testing
Ruediger Lessig and Mechthild Prinz
This section describes the basics of testing relationships in
forensic routine casework. Paternity and kinship testing are
based on fundamental laws of genetics and have a long history
of research and casework. The basis for this type of testing was
established when Landsteiner (1901) first described the ABO
blood group polymorphisms. It took several years until 1926
for serological marker results to be accepted as evidence in
court, but subsequently polymorphic enzymes and other proteins present in blood became an important research topic and
were the standard means for kinship analysis until the late
1990s (Patzak 1989). The evaluation of DNA polymorphisms
for relationship testing started immediately after Alec Jeffreys
first published his findings on human minisatellite polymorphisms (Jeffreys et al. 1985b, 1985c). The first case where this
new test was applied was an immigration case, where it had not
been possible to determine if the tested woman was the mother
or the aunt of the child in question. By testing the whole family,
including several assumed siblings for a minisatellite RFLP, the
woman could be shown to be the mother (Jeffreys et al. 1985a).
See Box 63.3 on the history of DNA typing for more on the
general historical background. There were early warnings about
the lack of well-characterised loci (Mayr et al. 1991) and about
the increased observations of isolated exclusions for the PCRbased STRs (Henke and Henke 1999). But allele designations
and biostatistical treatment for multilocus and single-locus
RFLP DNA polymorphisms remained a challenge, and eventually single-locus STR markers were shown to be more suitable
for routine paternity testing (Alford et al. 1994). Compared
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with the previous serological markers, DNA polymorphisms
are more abundant in the genome, as non-coding regions are
generally more polymorphic, they can be typed using a single
electrophoretic system, and they do not require a blood sample
as the test material. The latter made it possible to switch to
saliva collected via a buccal swab as the substrate, which is a
significant advantage especially when dealing with newborn
children where the collection of an intravenous blood sample
is not always possible. Unfortunately this also allows for clandestine sample collection and secret paternity test submissions
without the knowledge of all parties involved. This ethical issue
will be discussed later.
Overall the question of paternity has been an issue throughout human history. This is a multifaceted societal topic and
family studies for genetic diseases have shown a percentage of
non-paternity of the supposed father of approximately 5–10%
of all births (Turney 2005). This uncertainty in all biological
family trees affects historical lineage studies, for example in the
case of Kaspar Hauser (Weichhold et al. 1998), and is a sensitive
issue for all instances where disaster victims are being identified
using DNA from family references (Prinz et al. 2007).
Including the historical systems, there are six different types
of DNA polymorphisms that have found an application in relationship testing:
• Autosomal polymorphic microsatellites, STRs (Alford et al.
1994).
• Autosomal di-allelic single nucleotide or insertion/deletion
polymorphisms (SNP/InDel) (Borsting et al. 2008; Pimenta
and Pena 2010).
• Gonosomal polymorphic microsatellites, Y or X STRs
(Jobling et al. 1997; Rolf et al. 2001; Szibor et al. 2003).
• Gonosomal SNP/InDel (Lessig et al. 2005; Tomas et al. 2008;
Freitas et al. 2010).
• Mitochondrial DNA sequence polymorphisms (e.g. hypervariable region mtDNA HV 1-3) (Holland and Parsons
1999).
• RFLPs, HLA systems and ‘classic’ polymorphisms of blood
groups, enzymes or proteins of the serum (Mayr 1977;
Prokop and Göhler 1986; Pena et al. 1995).
It is important to note that no marker system should be used
for kinship testing until a sufficient amount of data is available.
In an article on scientific standards it is recommended to test a
minimum of 500 meioses to establish the relevant parameters
such as Mendelian inheritance, mutation rates, occurrence of
silent alleles and allele or haplotype frequencies (Schneider
2007).

63.2.1 Autosomal markers
As stated before, it is important to only use polymorphisms with
well-characterised chromosomal locations and populationspecific databases that have been tested for Hardy–Weinberg
equilibrium and linkage disequilibrium (Schneider 2007).
Slight deviations from independence will occasionally be

observed for individual loci, which may be caused by the test
population being too small. If loci are located on the same
chromosome and known to be linked, this has be considered in
the calculation. Laboratory set up and report writing for paternity laboratories should follow the recommendations of the
International Society for Forensic Genetics (ISFG) (Morling et
al. 2002). It is recommended that markers are selected with an
average combined exclusion chance of more than 0.9999, and
to investigate a minimum of 12 autosomal STRs for standard
scenarios such as a trio or duo case. This requirement is normally met by employing one of the currently available large
multiplex kits (see Table 63.2).
For STR markers three or more inconsistencies for loci on
different chromosomes allow a statement of exclusion of the
assumed lineage. In any situation with less than three exclusions, a mutation event has to be considered and additional
polymorphisms such as more STRs, bi-allelic marker systems
or, if applicable, gonosomal systems must be tested to get a
reliable result. The suspected mutation has to be incorporated
in the biostatistical calculation (Brenner 2004; Gjertson et al.
2007). Mutation rates for autosomal loci have been shown to
be locus- and allele-specific and range from 0.3% to 1.2%
(Brinkmann et al. 1998), while SNPs have a much lower
expected mutation rate of 10−8 (Borsting et al. 2008). Potential
STR mutations can be characterised by the number of repeats
differing between the parental and offspring allele and the
overall length of the parental allele, with the majority of mutations only involving a single repeat unit change (Xu et al. 2000).
Another seeming genetic inconsistency that can affect both
STRs and bi-allelic markers are null alleles caused by polymorphic single nucleotide positions in the primer annealing site
(see Table 63.3). Null alleles, also called silent alleles, will result
in a false homozygote genotype and are generally rare (Butler
2011). In a paternity scenario, the child and the alleged father
could be opposite homozygotes if the transmitted allele is silent
and not detected. If this is the assumed explanation for an
inconsistent result this must be included in the biostatistical
evaluation (Hallenberg and Morling 2002; Gjertson et al. 2007).
It has been postulated that a minimum of 40 SNPs are
needed to reach the same informative value as STRs and that
despite the advantage of the lower mutation rate a panel based
solely on SNPs may not be sufficient for many more complicated kinship cases (Amorim and Pereira 2005). See also Ayres
(2005) and co-authors for predictions on SNP performance for
paternity testing. Several laboratories have developed panels of
either SNPs or InDels to be used as additional marker sets in
kinship testing and report on the successful resolution of complicated cases (Borsting et al. 2008; Phillips et al. 2008; Pimenta
and Pena 2010).

63.2.2 Male and female lineage markers
According to the Mendelian law of inheritance, autosomal
genetic profiles of biological siblings can show many differences
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and, therefore, testing autosomal markers will not usually
resolve questions about relatedness if one or both parents are
unavailable or unwilling to be tested..
The Y and X chromosome both contain STR loci that could
be shown to be as polymorphic as autosomal STRs (Roewer
et al. 1992; Kayser et al. 1997; Szibor 2007; Gomes et al. 2009).
These gonosomal markers provide additional information
about male or female relationships and have been successfully
applied to routine kinship testing and historical investigations
(Foster et al. 1998; Rolf et al. 2001; Ayadi et al. 2007; Immel
et al. 2011).
The sex-determining region on the Y chromosome (SRY)
codes for the testis-determining factor and is thus responsible
for human maleness; this chromosome is uniparentally inherited only from father to son. In contrast to other chromosomes,
the Y chromosome exists in a hemizygote state without an
equivalent counterpart and contains only a small recombining
region. All 17 commonly typed Y STRs (Table 63.7) are located
in the non-recombining areas and are inherited as a haplotype.
Disregarding mutations, it is expected that a father and son
carry the same allele at each Y STR location and that this haplotype can be traced for the paternal line over multiple generations. As for autosomal loci, mutations are rare but have to be
expected when testing multiple loci and multiple generations

Table 63.7 Commercially available Y STR typing kits.

Locus

Y filer
Powerplex Y (Applied
(Promega)
Biosystems) Haplotype set

DYS19

X

X

DYS389 I

X

X

DYS389 II

X

X

DYS390

X

X

DYS391

X

X

DYS392

X

X

DYS393

X

X

DYS385a/b X

X

DYS438

X

X

DYS439

X

X

DYS437

X

X

DYS448

X

DYS456

X

DYS458

X

DYS635

X

H4

X

Former European
minimal
haplotype

Additional SWGDAM
loci

SWGDAM, Scientific Working Group DNA Analysis Methods.
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(Decker et al. 2008; Goedbloed et al. 2009). For human identity
testing, Ballantyne and co-authors (2012) purposefully selected
rapidly mutating Y STRs to increase the differentiation for male
relatives. Y-chromosomal DNA is of course also home to many
SNP locations that have been shown to be ancestry informative
and can be applied to kinship testing (Onofri et al. 2006).
Y-chromosome haplotypes are generally not informative if
other family members in the paternal lineage have to be considered as putative fathers.
X-chromosomal markers can be informative to follow the
female or male line if female children are included in the investigation. This type of marker is not commonly used in forensic
stain analysis and has not been described in Section 63.1.
Female individuals carry homologous X chromosomes, similar
to an autosomal chromosome pair. But according to the Lyon
(1961) hypothesis, each individual only has one active X chromosome and all additional copies are inactivated, which
explains why monosomies, trisomies and polysomies of the X
chromosome are still compatible with life. Unexpected and
undetected aberrant gonosomal karyotypes may occur in the
offspring, thereby affecting the accuracy of kinship testing
using these markers. Figure 63.8 shows a chromosomal map of
several well-investigated X-STRs (ChrX-STR.org 2012). Even
though there is recombination for the X chromosomes, the rate
is reduced through the hemizygote state in the male genome
and many STRs of the current set of markers are in close proximity to each other. Therefore, as shown in Fig. 63.8, X chromosome STRs have been assigned to several linkage groups. The
reported power of discrimination with values up to 0.9 and a
mutation rate of approximately 2 × 10−3 are similar to the autosomal chromosomes (Szibor 2007).
Paternity cases involving the common trio constellation of
mother, offspring and alleged father can usually be solved with
a set of autosomal STRs alone, and do not seem to require any
additional or alternative markers. However, in paternity cases
involving close blood relatives as alternative alleged fathers, the
exclusion power of autosomal STRs is substantially decreased
and X-based STRs may be superior (Ayres and Powley 2005).
This may also be the case in instances of attempted fraud, where
for example the brother of the alleged father poses as the father
during sample collection. Male relatives such as father and son
would not share any X-chromosomal alleles identical by descent
and X STRs could be more efficient in resolving paternity cases
where the two alleged fathers have this relationship. Brothers,
in contrast, share a given maternal X allele with a probability
of 0.5, which equals the probability that two alleles are shared
identical by descent for autosomal loci. For three unlinked loci,
the chance of being identical by descent would be 0.5 × 3 = 0.125.
However, when the markers are closely linked, they do not
segregate independently and would instead represent a single
haplotype that is again shared with a probability approaching
0.5 (Szibor et al. 2003).
The major advantage of X markers arises in deficiency paternity cases, that is when a sample from a putative father is not
available and DNA from paternal relatives has to be analysed
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DXS6807
DXS9895
22

DXS9902

DXS9906
DXS10148
DXS10135
DXS8378

linkage group 1

DXS6795

P

21
DXS9907

DXS6810
11
DXS10161
DXS10160
11
12

13

DXS10079
HUMARA
DXS10074
DXS10075

GATA144D04
DXS10076
DXS10077
DXS10078
DXS10159
DXS10162
DXS10163
DXS10164
DXS10165
DXS7132

linkage group 2

DXS981 (STRX1)
DXS6800
DXS6803

21

DXS9898

q

24

DXS7424
DXS101
DXS6797
DXS7133
DXS6804
GATA172D05
DXS7130

25

GATA165B12

22
23

26
27

28

DXS9905
DXS6801
DXS6809
DXS6789
DXS6799

DXS10103
HPRTB
DXS10101

linkage group 3

GATA31E08
DXS9908 (DXS7127)
DXS8377
DXS10146
DXS10134
DXS10147
DXS7423
DXS10011

linkage group 4

Figure 63.8 X-chromosome ideogram with X-STR locations and linkage groups. For the X chromosome the genetic distance and
recombination rates are too low to ensure independent inheritance. Courtesy of Jeanette Edelmann, © Jeanette Edelmann.
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instead. When female individuals have the same father, they also
share the same paternal X chromosome. An investigation of X
markers from two sisters or half-sisters can exclude paternity,
namely through the presence of four different alleles or haplotypes, even when none of the parents is available for testing.
Autosomal markers cannot provide such information. A positive proof of paternity is also possible without parental genotype information, but is generally less reliable. This is due to
the fact that sisters usually inherit only partially matching
haplotypes from their mother. As will be shown below, the
co-inheritance of two identical maternal X chromosomes
without recombination is not impossible, but rare. For the
testing of mother–daughter relationships, these markers are
equivalent to autosomal markers and do not provide any specific advantage. Testing mother–son kinship, however, is more
efficiently performed using X STRs. The exclusion chance in
such cases is identical to that within father–daughter tests
(Szibor et al. 2003). X chromosome SNPs and InDels are also

organised in linkage groups and must be extensively characterised prior to interpretation (Tomas et al. 2008; Freitas et al.
2010), but then can be a very useful test system for example in
immigration cases (Tomas et al. 2010).
The following example illustrates an application of
X-chromosomal STR markers to three putative sisters with no
parents. Three female children had been found in a baby hatch
of a hospital over the time of 3 years. The youth welfare office
in cooperation with the adoptive parents wanted to know if the
three girls were full siblings, half-siblings or unrelated. Expecting that autosomal STR typing alone would not provide enough
information, the children were also tested using the 12 X STR
loci of the Investigator Argus X-12 kit (Qiagen) and an additional set of 15 not commercially available X STRs. The results
are presented in Table 63.8. Table 63.9 lists the results and the
different hypotheses considered for the biostatistical calculation. In summary, according to all the results – autosomal STRs,
X STRs, mtDNA and mtDNA SNPs – it had to be concluded

Table 63.8 X chromosome typing results in a sibship case.

a

Linkage group

Marker

Child 1

LG I

DXS6807
DXS10148
DXS10135a
DXS8378

11
24.1
23
11

14
25.1
26
12

11
25.1
19
10

14
25.1
24
11

11
24.1
23
11

14
25.1
26
12

LG II

DXS7132
DXS10079
DXS10074

12
21
16

14
22
17

12
21
16

14
22
17

12
21
16

14
22
17

Centro

DXS10159
DXS10161
DXS10162
DXS10163
DXS10165
DXS10164

25
25
17
B17
20
10

25
26
21
B17
20
12

25
25
17
B17
20
10

25
26
21
B17
20
12

25
25
17
B17
20
10

25
26
21
B17
20
12

Xq21

DXS6800
DXS6801
DXS6809
DXS6789

16
11
31
21

16
12
33
22

16
11
31
21

16
12
33
22

16
11
31
21

16
12
33
22

Xq22

DXS7424
DXS101
172D05

13
18
10

16
25
11

13
18
8

16
25
11

13
18
8

16
25
11

LG III

DXS10103
HPRTB
DXS10101

18
13
29.2

18
14
32

18
13
29.2

19
14
32

18
13
29.2

19
14
32

LG IV
XQ28

DXS10146
DXS10134
DXS10147
DXS7423

28
34
8
14

39.2
36
9
15

28
34
8
15

28
36
8
15

28
34
8
14

39.2
36
8
15

Inconsistency: possible mutation.

Child 2

Child 3
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Table 63.9 Relevant hypotheses in the sibship case.
Hypotheses

LR result

H1

All three children are siblings

92.6 billion

H2

Children 1 and 2 are siblings and
child 3 is unrelated

249 million

H3

Children 2 and 3 are siblings
and child 1 is unrelated

7.33 million

H4

Children 1 and 3 are siblings and
child 2 is unrelated

5.07

H5

All the children are unrelated

1

LR, likelihood ratio.

that the three girls are most likely full siblings (Immel et al.
2011).
As discussed in the section on ancestry informative SNPs,
mitochondrial markers have been extensively used for human
migration studies and provide a marker set for the female
lineage of a family tree. The circular mtDNA genome is not
located in the cell nucleus, but in the plasma in a population of
organelles called mitochondria. Based on this cellular location,
sperm heads do not carry mitochondria and mtDNA genomes
are transmitted via oocytes and thus in uniparental maternal
fashion. A scientific controversy about possible paternal mtDNA
contributions seems to have been partially based on artifacts
and has not changed the general view of this genetic system
(Bandelt et al. 2005). Again, the uniparental inheritance mode
through the female line allows for kinship determinations over
multiple generations as demonstrated by the identification of
the family of the Russian Tsar (Gill et al. 1994; Coble et al.
2009). As a female lineage marker, mtDNA cannot be applied
to questions of paternity but can helpful in complex kinship
cases or war and disaster victim identification efforts (Holland
et al. 1993).

with an increase in the number of tested polymorphisms, where
the additional loci should be selected based on their specific
power of exclusion (von Wurmb-Schwark et al. 2006). Depending on the gender of the child, gonosomal STRs on the X or Y
chromosome can be useful additional markers in these so-called
motherless cases. But as discussed before, loci on both of these
chromosomes are not inherited in an independent fashion and
combining these results with autosomal loci requires special
considerations (Szibor et al. 2003; Ayadi et al. 2007; Krawczak,
2007). Other deficiency scenarios, possible mutations or the
fact that two brothers are possible fathers can also cause unresolved paternity tests, which then may be addressed using SNPs
(Phillips et al. 2008).
Likelihood ratio principles are the recommended approach
to the biostatistical assessment of a paternity inclusion (Gjertson et al. 2007) and the evaluation starts with hypothesis building. For a standard trio case the competing mutually exclusive
hypotheses are as follows:
H1: the tested man is the father
H2: a random man unrelated to the tested man is the
father
Hypotheses 1 and 2 are also expressed as:
X = related (hypothesis 1)
Y = unrelated (hypothesis 2)
As described by Essen-Moeller in 1938, these two hypotheses
are evaluated using the allele frequencies of all detected paternal
alleles and the likelihood ratio (LR) is formulated as:
LR = Y / X
Essen-Moeller converted this as follows into the EssenMoeller equation (EM):
EM = log10 (Y / X ) + 10

63.2.3 Biostatistics
The underlying principle of STR-based paternity testing is the
independent codominant inheritance of alleles. In a regular trio
case this means that each allele not inherited from the mother
must be present in the DNA profile of the biological father. If
one of these prerequisite alleles is missing in the tested putative
father and a mutation event is ruled out, this man must be
excluded. In a duo case, where the mother is not available for
testing, any information about maternal origin is missing and
all of the child’s alleles must be considered as potential paternal
alleles. For this scenario it can be difficult to reach the desired
statistical paternity probability threshold (e.g. 0.9999) for a
determination of paternity, especially if the results involve
potential mutations or many alleles with a high population
frequency (Poetsch et al. 2006). This can be compensated for

This is equivalent to the paternity index (PI) commonly used
in English-speaking countries (Gurtler 1956):
PI = X /Y
Both values have the same information content and under
the assumption of a prior probability can be converted into
the posterior probability or probability of paternity. The prior
probability, or prior odds, relate to the probability of paternity
based on non-genetic evidence and are routinely set to 1 : 1 or
50% for mostly pragmatic reasons. The assumption is that the
tested man has a 50% chance of being the true father, which is
somewhat neutral and is not universally endorsed (Buckleton
et al. 2005a). It is important to note that these prior odds are
not applicable for disaster victim identification (DVI) situations and can lead to an erroneous view of the evidence (Birus
et al. 2003; Buckleton et al. 2005b; Brenner 2006). The prior
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probability can be changed if the alleged father is a relative of
a man who could also be the true father (e.g. cousin, uncle).
Using the Bayes theorem (Bayes 1764; Joyce 2008), the prior
probability and the values for X and Y result in the posterior
probability of paternity (W) as follows:
W = X /X + Y
The exclusion probability (A) is the reverse of the probability
of paternity:
A = 1−W
It is not necessary to restrict the number of well-defined
mutually exclusive hypotheses to two scenarios. In more
complex cases, involving relatives or deficiency cases with
untested family members, it is possible to develop multiple
hypotheses based on the family tree. For example the list could
be:
H1: the tested man is the biological father of the child
H2: the brother of the tested man is the biological father
of the child
H3: a random man unrelated to the tested man is the
biological father of the child
Other scenarios and subsequent calculations could involve
sibship or similar kinship questions. The DNA Commission of
the ISFG describes how to treat observed mutations and silent
alleles (Gjertson et al. 2007). Routine calculations assume that
putative fathers are not related to each other or the mother, so
formulae must be adjusted for incest cases or related fathers
(Morris et al. 1988; Buckleton et al. 2005b). Multiple academic,
freeware or commercially available software programs have
been developed to handle kinship calculations, for example
DNA-View, familias or EasyPA (Brenner 1997; Egeland et al.
2000; Fung 2003). In addition to these specialised programs,
companies like SoftGenetics, Qiagen or Biotype have added
paternity modules to their STR analysis software. From a quality
assurance point of view it is important to carefully evaluate and
validate a program’s performance (Drabek 2009).
Gonosomal markers such a Y STR, Y SNPs and mtDNA can
be combined with autosomal results using the relevant haplotype probability. It is important that this assumes independence
of the different sets of markers, which may not be the case when
considering population substructure (Buckleton et al. 2005b;
Amorim 2008). An approach for the biostatistical evaluation of
X chromosome markers has been described by Szibor et al.
(2003) and Krawczak (2007).

63.2.4 Quality standards and ethical
considerations
Paternity testing is a highly regulated business and many
countries have established mandatory guidelines and accredita-
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tion programmes. For European Union member countries
genetic testing for the determination of parentage falls under a
2008 regulation about accreditation and surveillance relating to
the marketing of products (EU 2008). Other countries like the
USA have established specific national standards for laboratories to follow (AABB 2011). The basis for reliable parentage
testing is a good quality management system covering scientific
staff qualifications, laboratory best practices, documentation
and reporting as required by ISO standard 17025 (Morling
et al. 2002). One quality requirement, that has additional legal
implications, is a procedure guaranteeing the identity of the
tested subjects and the traceability of the collected samples.
This is routinely achieved by setting up sample collection
appointments where designated personnel can check passports
or identity cards, take photos and fingerprints of all sample
donors, and start the chain of custody. As already mentioned,
one of the advantages of DNA-based paternity testing over the
previous serological markers is the ability to use saliva on
buccal swabs instead of venous blood samples. Buccal swabs
can be collected without any risk and discomfort and are
more suitable as samples from newborn children. It is recommended to always take more than one swab so that results can
be confirmed using the other sample. The ease of collection has
caused many paternity laboratories to offer home collection
kits for their customers. This option may work for private
investigations where all parties agree to the identity of the
samples, but the findings will generally not be admissible in a
court of law.
This also applies to results of so-called ‘secret’ paternity tests
performed without consent or knowledge of all affected parties.
The most common scenario involves a suspicious father who
secretly collects biological material such as a toothbrush or used
cotton swab from a child and has it compared to his own DNA
without knowledge of the mother. The German Federal Constitutional Court has deemed this type of testing a violation of
the child’s right to informational self-determination and has
upheld a decision banning the results from a civil court case
(BVerfG 2007). Subsequently, a new federal law issued in 2010
clearly states that paternity and kinship testing is only allowed
with consent of all test subjects; in cases where deceased individuals are to be tested, a family court can give permission
(BRD 2010). The British government formed the Human
Tissue Authority (HTA) and the Human Tissue Act from 2004
prohibits the covert collection of biological samples such as hair
and fingernails for DNA testing, with the exception of medical
or criminal investigations (HTA 2006). Despite the obvious
societal risks many countries do not have any legal restrictions
in place and more discussion on the ethical and legal implications of secret DNA collection and testing should be encouraged (Joh 2011).
Another difficult area is prenatal paternity testing, which
while technically feasible is not without risk for the unborn
fetus. The 2010 German Gene Diagnostics law only allows for
prenatal paternity testing after a sexual assault (BRD 2010), and
other countries may have similar restrictions in place.
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63.2.5 Conclusions
In summary, DNA testing allows for reliable paternity and
kinship determination as long as a sufficient number of polymorphisms are tested and data are interpreted correctly. Test
reports must contain the biostatistical results in sufficient detail
to allow for an independent evaluation and clearly state all
assumptions (Gjertson et al. 2007). Specific cases may need to
state multiple results to deal with different ethnic group
assumptions, or address relatedness issues. Ongoing research
into software applications and new marker panels is likely to
increase the ability to clarify complicated and even remote biological relationships (Weir et al. 2006; Pu and Linacre 2008;
Lareu et al. 2012).

Useful websites
ChrX-STR.org database, http://xdb.qualitype.de/xdb/index.jsf.
EMPOP database, http://www.empop.org.
mtDNAmanager, http://mtmanager.yonsei.ac.kr.
US Y-STR, http://www.usystrdatabase.org.
Y Chromosome Haplotype Reference Database (YHRD), http://
www.yhrd.org.
(All last accessed 12 March 2013.)
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64.1 Introduction
Personal identification is a key issue in forensic anthropology,
and consists of the correct assignment of an identity to an
unknown corpse. Although it may seem an easy and automatic
procedure, the mechanism of identification encompasses
several difficulties concerning the methods and, above all, the
significance of the identification process in court. The process
of identification strives towards two conclusions: exclusion and
positive identification. However, between them there is a series
of nuances which can be summed up as different degrees of
compatibility, or better yet, ‘consistency’. There are cases where
there are no elements for exclusion and the concordant characters are very general or with a low identification potential,
and therefore there is not enough evidence to reach a positive
identification. How much is sufficient to identify an individual
is a central question, which unfortunately is without a real
answer in the case of most morphological methods.
Opinions differ on how to express these shades of gray: for
example, different experts make statements of ‘identification
proven bordering on certainty’ or ‘identification extremely
likely/probable/not determinable’. Other authors from the
Forensic Imagery Analysis Group (FIAG, born within BAHID,
the British Association for Human Identification) have established a common procedure for describing the level of ascertainment of personal identification, ranging between ‘no
support’ to ‘powerful support’. These are all, however, subjective
judgments that lack the apparent strength of a quantitative
method but which are still useful and valid.
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Some methods, such as DNA analysis and fingerprinting,
have managed to quantify the degree of correspondence of two
biological samples using a statistical analysis of the frequency
of the discrete characters (e.g. alleles for DNA, minutiae for
fingerprint analysis). This can lead the expert to be able to
express the probability of these two samples belonging to the
same person as a number. Methods that allow the operator to
draw such indications are very popular, especially after the
introduction of Daubert rulings in the judicial context. These
rulings state that the content of testimony in trial must be testable and have been tested through a scientific method, have
been subjected to peer review, have a known error rate and have
been widely accepted by the scientific community. These indications result in methods being used that provide a quantitative
indication concerning their error, independently from the type
of rational procedure used to reach such a result. For example,
in DNA analysis, available data are based on the epidemiological frequency of the chosen alleles, which gives a general probability of finding two individuals with the same genetic profile.
This number only expresses a probability, it does not state that
the decedent actually is the identity suspect.
Other methods, mainly based on the study of morphology
(e.g. osteological methods), cannot provide a real quantification of the obtained results; for example, expressing the probability of finding two persons with the same scar or tattoo is
very difficult and depends on several variables. However, scars
and tattoos are still the most frequently used elements for identification, along with bone and dental prostheses, bone calluses
and the bone profile itself when adequate antemortem data are
available. All these methods are usually considered reliable
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enough to reach personal identification, but they do not provide
a quantitative indication concerning the probability of having
reached a correct identification. From a general point of view,
scars, protheses, signs of antemortem trauma, and so on, are
the most useful since they are all morphological features which,
in their way, are unique. Many individuals may have a bone
callus on the right radius, but that specific callus with its morphology belongs only to a single individual. The same is valid
also for signs of thoracotomy – many individuals have undergone this surgical procedure for a number of reasons, but the
specific arrangement of metallic sutures and the bony reaction
is unique to each single person. Therefore these characteristics
are the most suitable for a correct identification, even though
they cannot be quantitatively expressed.
For example, the information that an unknown decedent has
a bone callus on the right radius is not enough to identify him
or her since this characteristic may be shared by many individuals. However, if there is an antemortem X-ray that allows the
morphological profile of the callus to be examined, this marker
may be enough to reach a positive identification. The chances
of another individual sharing the same morphology of a callus
are not quantifiable, which puts osteological and odontological
methods in a different category compared with DNA and
fingerprints.
In the USA, the recent Kumho rulings have softened the
Daubert criteria for admission of anthropological testimony in
trial, and in detail have made requisites more flexible, in order
to meet the morphological nature of anthropological comparative methods. One of the general criteria states that expert
witnesses can develop theories based on their observations and
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experiences and then apply theories to the case before the court.
The importance of experience, therefore, enters the trial once
again.
Regardless of such philosophical matters, the morphology
of bones may be fundamental for identification and the use of
osteology in the personal identification of both living and dead
humans is discussed below.

64.2 Identification of human remains
Personal identification requires the analysis of specific and individualising characteristics observed in the unknown decedent
and their comparison with similar data from the identity
suspect. Identification may be reached by different methods.
Morphological methods (forensic anthropology and odontology techniques), which compare the status and shape of teeth
and bones, are advantageous because they are faster and less
costly. However, as discussed, a unanimous and clear agreement
on the quality and quantity of the characters necessary to
achieve personal identification does not exist in morphological
methods. The occurrence of discordant characters may settle
the case by excluding the identity. Many concordant characters,
particularly if fairly common within the population, can only
give a judgment of compatibility or possibility. However, there
are some characters, rare among the population, that will allow
one to express a judgment of high probability or certainty.
Prothesic devices may be useful, particularly if they bear a
serial number that could trace the device back to a hospital, a
surgeon or a specific patient (Fig. 64.1).

Figure 64.1 Femoral prothesis; in the red circle, the details of the series number are useful for identifying the subject.
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(a)

(b)

(c)
Figure 64.2 Example of identification by comparison of the frontal sinuses: (a) postmortem X-ray; (b) antemortem X-ray;
(c) superimposition of the two profiles.

Usually, identification based on bone morphology is done
by comparing an antemortem X-ray of the missing person and
a postmortem X-ray of the same anatomical region. As far as
the comparison of antemortem and postmortem X-rays is concerned, every part of the body may provide useful information
for identification; in particular, the head offers useful features
such as frontal sinuses and cranial suture patterns.
The frontal sinuses are widely used and studied, and different authors have reported cases of positive identification using
X-rays of the head and comparing the skeletal features. For
frontal sinuses there are algorithms that allow one to compare
shape, size, septae, etc. with a total score. The comparison of
frontal sinuses is one of the most reliable methods of identification since they are also different in homozygous twins. Recent
clinical approaches have seen the use of computer tomography

(CT) scans and magnetic resonance imaging (MRI) instead of
plain radiographs (Fig. 64.2).
The thorax has also proven very useful in several forensic
cases because of the remarkable number of features offered by
this area and the notable availability of thoracic X-rays in the
population. The most useful features are the normal anatomical
ones, such as vertebral, costal and clavicular morphology.
However, comparing the shapes of bones can be carried out for
any area of the body. Comparison of the trabecular design of
cancellous bone has even been attempted, with unclear results.
In all these procedures it is of paramount importance that the
comparison be performed by someone who also has experience
in radiology, since the issue of orientation and the correct interpretation of the various hues of gray in an X-ray is fundamental. Signs of a thoracotomy are also useful and are beginning to
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Figure 64.3 Finding of metallic sutures on the sternal manubrium of skeletal remains provides signs of a surgical thoracotomy. The
morphology of the steel sutures was useful in identifying the subject by comparison with an antemortem chest X-ray.

be frequently found in the general population. The position
and shape of the metallic sutures may help in reaching a positive identification (Fig. 64.3), since patients undergoing thoracotomy usually have several X-ray scans which may be used as
antemortem material.
A ‘last chance’ method, finally, is craniofacial superimposition. This consists of the superimposition of a photograph of
the skull onto a similarly orientated photograph of the face of
the living person. The correspondence between the two subjects
is evaluated on the basis of matching several anatomical landmarks. After selection of the images of the missing person, the
best spatial orientation of the cranium should be achieved.
Once the correct orientation is gained, the superimposition is
performed on both frontal and lateral views if possible. The
criteria for the comparison in the frontal view are usually:
1. The length of the cranium from bregma to menton must
be included within the face (caution: the bregma may be
covered by hair).
2. The width of the cranium must match the forehead area.
3. The temporal line, where visible, should correspond to the
temporal cranial line.
4. The eyebrows generally follow the superior edge of the
orbit to the medial and central third, and they continue
superiorly to the lateral third, whereas the edge of the
orbit deviates inferiorly.
5. The orbits should contain the eyes entirely.
6. The lachrymal groove, if distinguishable on the photo,
should line up with the osseous groove.
7. The width of the nasal bridge must correspond in the two
images.
8. The width of the nasal aperture should fall within the
external margins of the nose.

9. The nasal spine should be situated above the inferior edge
of the medial nasal crus.
10. The external auditory meatus should be medial to the
tragus.
11. The oblique line of the mandible, where visible, should
correspond to the same line on the skull.
12. The mandibular curve should be similar to the curve
visible on the face.
In the lateral view, the criteria are the following:
1. The skullcap must correspond to the height of the head.
2. Sometimes it is possible to observe the margin of the
frontal process of the zygomatic bone which should match
the one on the cranium.
3. The margin of the zygomatic arch of the cranium is also
superimposable to that of the face.
4. The porion should be slightly behind the tragus and
below the helix crus.
5. The occipital curve should lie inside the margin of the
nape.
6. The anterior protuberance of the mandible is behind the
chin: the chin shape should correspond to the mandible
shape.
7. The lateral margin of the eye is situated within the orbit.
8. The profile of the glabella both on the cranium and the
face must be similar.
9. The prominence of the glabella and the depth of the nasal
bridge follow closely the contour of the thin layer of overlying skin. The nasal bones fall within the margins of the
nose.
10. The front nasal spine is situated posteriorly with respect
to the base of the nose, close to the more posterior portion
of the lateral septum cartilage.
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Figure 64.4 Example of craniofacial superimposition in the frontal and lateral views. The letters (frontal) and the numbers (lateral)
indicate the landmark for which the correspondence between the face and skull is evaluated.

11. The prosthion should be posterior to the anterior margin
of the superior lip.
12. The pogonion is posterior to the indenting noticeable in
the chin where the orbicularis oris crosses the chin muscle.
Many other criteria for matching landmarks and general
morphology exist although no common protocols exist. Clearly,
this superimposition has far less credibility than comparison
methods based on dental or skeletal structures, which usually
involve similar structures (in antemortem and postmortem
material). In craniofacial superimposition the soft tissues are
compared with the skeleton, with consequent difficulties in
localising the position of skeletal landmarks on the facial image
(Fig. 64.4). Supporters of this method report a reliability of
96% when both frontal and lateral superimposition is possible,
but there is a large discrepancy in the degree of accuracy found
in different investigations. This method should never be used
on its own for identification, but it can be used for excluding
an identity if gross incompatibilities are present.
Craniofacial superimposition improved in recent years,
along with other forensic fields of research, due to the introduction of the new technologies. In particular, there is now specific
software that is able to match a photograph and a threedimensional model of the skull obtained by modern systems
of three-dimensional acquisition such as laser scanner and
stereophotogrammetry.
In conclusion, in order to identify a person it is possible to
compare the shape of bones, even if these methods have not yet
been ‘standardised’ from a quantitative point of view. The comparison can be carried out between antemortem and postmortem radiographs of different skeletal areas. If radiographs of the
various bones are available, it is possible to compare the morphology of the skeletal elements visible in the radiograph with
the same osseous elements belonging to the cadaver or human
remains.
However, for specific exceptional morphological peculiarities such as osteophyte conformations, bone calluses, etc. the

difficulty consists in determining which and how many of the
morphological elements are sufficient for a definite identification in a normal, non-pathological bone. The literature states
that personal identification requires a meticulous comparison
of details but a minimum number of points does not exist. In
some instances one to four characteristics, without evident discrepancies, have been considered sufficient for identification.
However, the peculiarity of the characteristic and the consistency between the antemortem and postmortem shape is often
left to a subjective evaluation and to the experience of the
operator.
Prosthetic devices may be of relevant help in personal identification, since most of them carry labels with numbers which
can lead to a hospital or even to a single patient. However, laws
concerning the registration of prosthetic devices vary among
different countries and therefore this may not be as simple as
it seems.

64.3 Identification of the living
Identification issues in forensic anthropology usually involve
unknown decedents. However, age estimation in the living can
be requested in cases of adoption, for ascertaining the status of
imputability in subadults, and retirement age in adults, and
may be preliminary to a complete identification procedure.
This issue has been treated elsewhere in the book. In the last
decade, however, anthropologists have been more and more
involved in the identification of the living from images, for
example from surveillance systems.
Personal identification of the living from video surveillance
systems, or from photographs or images in general, is in fact
becoming more and more of an issue due to the number of
terrorist attacks and crimes filmed on tape. Nowadays judges
often ask for ‘anthropometric’ experts in order to verify if a
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Figure 64.5 Example of height estimation of a culprit from a video surveillance system: reconstruction of the three-dimensional
environment and estimation of the entire figure represented in the image.

person seen on a specific video or photograph is the same
person as the suspect. This topic deals with human diversity
and strives to verify morphological and metric characteristics
that make the physiognomy of one person distinct from that of
another. This is an extremely difficult task for a series of reasons,
which range from the frequent poverty of the images (little
detail, poor resolution) to the lack of standardised protocols
and studies in the field.
Most experts agree that one of the preliminary procedures
in cases of personal identification of the living consists of estimating the height of the individual, if relevant and possible.
Height is a quantitative characteristic and, although it is not
individualising, may provide useful information for comparison of the culprit and the suspect. The most recent studies
concerning this topic highlighted that the reliability and potential of height estimation in personal identification depends on
the rarity of the estimated perpetrator’s height and its closeness
to the suspect’s height. In 2007 a new method for height estimation was published that consists of using a virtual camera with
the same characteristics of the video surveillance system with
which the images had been shot (De Angelis et al. 2007). The
results demonstrate that height is a parameter that can be accurately estimated. The experimental data showed an average difference between estimated and real height of about 10 mm,
together with a standard deviation of 10 mm. At the moment,
height estimation is one of the most precise indications that
may be drawn by two-dimensional images if adequate corrections of optical distortions are set up. One limitation is that this

procedure requires that the individual is represented in his or
her entire figure from the feet to the head (Fig. 64.5). Gait
analysis also may provide some information although its power
in discriminating between individuals still has to be more thoroughly investigated.
A more specific step towards personal identification is that
of facial assessment. Classic literature refers to facial characters
and indices (i.e. conventional anthropometry) in order to verify
the resemblance between two individuals. Ear shape in particular has received some attention. It is, however, limited by the
same pitfalls as for any character of the face in general. The
danger in comparing faces on two-dimensional images is only
too well known: slight, imperceptible differences in orientation
and facial expression, as well as interobserver differences in
setting facial landmarks, may cause drastic errors in the study
of indices or other parameters.
Several morphological classifications and atlases of faces
have been devised (Interpol, Vanezis, DMV) by which to classify
faces and thus verify the degree of resemblance of two faces.
One of the most advanced morphological classifications was
developed in the course of a project funded by the European
Union, involving researchers from Germany, Italy and Lithuania, called DMV (from the universities of Düsseldorf, Milan
and Vilnius, which participated in the project). Reference photographs of 900 males aged between 20 and 31 years in the three
countries were acquired, and facial features were described
and evaluated. These efforts led to the first edition of an anthropological atlas published in 2007, which includes detailed
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Form of the chin contour in frontal view

FIG: 3.33.1.

Possible characteristics: 1. Round
2. Square
3. Pointed

FIG: 3.33.2.

1. Round

FIG: 3.33.5.

FIG: 3.33.3.

FIG: 3.33.4.

3. Pointed

2. Square

Photographic example: 2. Square

Figure 64.6 Example of morphological classification of facial features. Reproduced with permission from Ohlrogge et al. (2009),
© Verlag für Polizeiwissenschaft, Frankfurt, Germany.

descriptions, drawings and photographic examples of 43 morphological features of male faces. In 2008, the atlas of male
facial features was revisited, and population frequencies for the
facial features were added (Ohlrogge et al. 2008). In 2009, an
atlas of female facial features was developed (Ohlrogge et al.
2009). These two atlas editions include examples of 45 facial
traits and allow a morphological assessment of both male and
female faces (Fig. 64.6).
This model was tested in order to verify its reliability in the
recognition of facial features. The intraobserver mismatch percentages based on all features when using the DMV atlas ranged
from 19% to 30%, whereas the interobserver error was approximately 39% (Ritz-Timme et al. 2011). These results confirm
that morphological classifications, although detailed and ameliorated with new facial features, are affected by an unavoidable
subjectivity. The morphological approach therefore may
provide a general and preliminary evaluation concerning the
concordance (or discordance) between the culprit and the
suspect, but it is not reliable enough to provide a definitive
identification.

The metric assessment of faces has also been employed
through the decades using measurement of facial dimensions
and indices. However, this approach was severely criticised by
a study that highlighted the unreliability of metrical measurements taken on two-dimensional pictures for identification
purposes (Kleinberg et al. 2007).
More recently, another approach has found its place in the
literature and practice, using a new method for personal identification from video surveillance systems. Superimposition can
be performed with 2D images from the culprit and the suspect
(2D–2D comparison), or between the 2D image of the culprit
taken from the video surveillance system and a 3D virtual
model of the suspect by a 3D optical digitiser (2D–3D comparison) (Fig. 64.7). The 2D–2D comparison methods require
that the images represent the suspect in the exact same position
as the culprit in the video surveillance image – and this may be
difficult to achieve. Plus the dangers of comparing faces on 2D
images are well known: slight differences in orientation and
facial expression as well as interobserver differences in setting
facial landmarks may cause drastic errors. The 2D–3D com-
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Figure 64.7 Example of a three-dimensional model of the suspect by laser scanner superimposed on the face of the culprit from a
video surveillance system image.

parison method is therefore supposed to be more reliable for
personal identification since it allows one to record 3D facial
models and to create specific image database comparison procedures. Image acquisition is obtained by a laser scanner, with
the reconstruction of a 3D model of the suspect; the comparison with the 2D image is performed by resizing, repositioning
and reorientating single images with specific software, until
the best match with the culprit’s face is achieved. In this way
the differences in head orientation between the suspect and the
culprit are considerably reduced. The 3D model of the suspect
and its superimposition onto the 2D image of the culprit allows
examiners to obtain an easy-to-read comparison and to assess
the match as concerns identification.
The lack of a standardised method for assessing positive
identification, however, still looms over every method. How
much of a match is enough to identify? The quantitative assessment of a match between two profiles, for example, may be
necessary to determine the probability rate of a correct identification. At the moment there is no system detailing how similar
two profiles should be in order to conclude that they belong to
the same individual.
A recent study aimed at devising a method of quantifying
the match between 3D and 2D images based on the comparison
of a simple projection of the face, the profile, derived from 2D
images and 3D models (Cattaneo et al. 2012). It was also trying
to find the mean differences between two facial profiles in
lateral view obtained from the same person and with the super-

imposition of different persons. The statistical analysis showed
that the difference in areas seems to be a reliable method for
evaluating identification correctly. In non-correct matches the
difference in area was always higher than 157 mm2, whereas in
correct matches the highest difference was between 43 and
133 mm2. A similar result was obtained by the overall difference
of points between the 3D model and 2D image: in case of nonmatches the difference was always higher than 1.96 mm, whereas
in the correct matches this value was always lower than 1.9 mm.
Both for areas and distances of all points, the incorrect and
correct matches did not show any superimposition of values,
and therefore seemed to provide a valid starting point for the
diagnosis of identification. This experimental project showed
that a clear method for identifying may exist, but requires more
precise standardisation and further studies (Cattaneo et al.
2012).
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Forensic Odontology

Ruediger Lessig

65.1 Introduction
Forensic odontology is an interdisciplinary field between forensic medicine and dentistry, with several forensic aspects playing
a role in both fields. This establishes a close connection between
forensic pathology and forensic odontology. Apart from forensic odontology, the international literature also uses different
terms such as forensic dentistry or forensic odonto-stomatology.
One of the most important applications of forensic odontology
is the identification of unknown persons. Dental charts for
adults are highly individualised, making the comparison of
antemortem and postmortem data one of the primary identification methods for either mass disaster victim identification
or individual cases of unknown human remains. Another application of this variability is the comparison of bite marks left in
violent crimes with specific suspects. The reliability of bite
mark comparisons varies based on the evidence substrate and
other factors, and cases of incorrect associations have been
documented meaning this application requires highly specialised expertise (Bowers 2006; Bowers and Pretty 2009). Wherever possible, DNA testing of the bite mark saliva has replaced
this analysis.
The high level of differentiation of a human dental chart is
based on several aspects. Every adult normally has 32 teeth,
every young child has 20 milk teeth, and with or without anomalies, misalignments and other findings, every tooth has five
surfaces. From a mathematical point of view this situation
allows for 3.8 × 104 different restorations (Hausmann et al.
1997). Any type of dental treatment multiplies the individuali-
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sation criteria since different materials, preparation methods,
and endodontic, orthodontic and surgical treatments may have
been used (Rötzscher and Reimann 1975). Depending on the
quantity and quality of the findings, the degree of variation and
the reliability of the comparison are increasing. Different calculation models show the possibility of more than 2.5 billion
variations (Fiala 1968; Sopher 1986). As well as the loss of teeth
or dental treatments, other influences such as nutrition or
trauma are able to cause abrasions and change the configuration of an individual’s teeth. This means that after several years
the teeth of a human are highly individualised, comparable to
a fingerprint, and a dental chart can be used for forensic
purposes.
Another important part of forensic odontology is the legal
aspect involved in treating patients. Every dentist needs knowledge in this area, and the relationship between dentist and
patient includes ethical and deontological issues. There will be
no further discussion of this here since laws and regulations are
different in each country.

65.2 Dental charting
After the odontological examination the characteristics of an
individual’s teeth, as well as specific features such as bridges or
other dental work, are described in a dental chart or dental
record. High quality documentation is a prerequisite for reliable
identification and the more findings are documented, the
higher the achievable identification index. The investigation of
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an unknown body’s teeth depends on the condition of the body,
such as the amount of destruction or decomposition, and the
findings are recorded in an electronic or paper-based format.
An additional tool for getting a full dental data set can be a
radiological examination. Currently the X-ray technique is a
standard method and gets reliable results. Computed tomography (CT) or magnetic resonance imaging (MRI) scans are also
options, but the quality of the pictures still raises some issues
as shown in Figs 65.1 and 65.2, although several techniques to
get more and better information using CT have been reported
(Thali et al. 2006). Modern CT or MRI examinations are more
expensive and in order to compare data with digital X-rays,
specific software is required. Depending on the quantity of
antemortem available, a radiological investigation can be very
helpful. In one example of an identification, X-ray data from a

single tooth led to a positive result. The highly individual anatomical structure and the individual treatment (in this case,
root fillings) were sufficient for the identification (Fig. 65.3).
Antemortem data collection is the other important part of
the identification process. Depending on local legislation, the
extent and retention of dental records will differ. If a patient
was an emergency case and visited the dental practice only
once, documentation may be limited. Also, in most cases, the
dentist will document only missing or diseased teeth for a new
patient and omit charting previous fillings and other treatments, making these data sets incomplete. This means a lot of
information may be missed. A critical appreciation of the possible pitfalls of dental records is very important. It is well known
that antemortem data sets from a dental practice may include
errors and a review of antemortem data after the 2004 South

Figure 65.1 Computer tomography scan of the upper and lower jaw. Courtesy of Dr L. Oesterhelweg, Institute of Legal Medicine,
Charite Berlin.

Figure 65.2 Orthopantomogram (X-ray) of the upper and lower jaw. Courtesy of Dr L. Oesterhelweg, Institute of Legal Medicine,
Charite Berlin.
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(a)

(b)
Figure 65.3 (a) Antemortem X-ray of a missing person
submitted from a dental practice showing fillings, root filling and
apicoectomy. (b) Postmortem X-ray taken from an unknown
body showing the same features as (a).

Asian tsunami revealed that of 106 data sets, 51% had to be
returned because they were either incomplete or of unacceptable standard (Kieser et al. 2006). One of the most common
mistakes is attributing a description to the wrong side. This
makes it very important to not only rely on the chart but also
request the radiographs, casts and other documents from the
dental practice. Antemortem orthopantomograms may be of
great value in these cases (Du Chesne et al. 2000). Only by
looking at the X-rays or photographs will the forensic odontologist be able to clarify apparent discrepancies and avoid false
exclusions of a putative identification. Casework experience has
shown that in order to avoid errors, it is necessary to provide
special training to the personal transferring the data from a
patient record in a dental practice to an antemortem form.

65.3 Age estimation
One of the additional aspects of forensic dentistry is the use of
a progressive dentition timeline to estimate the age of a person.
Dentition is genetically determined and different age-related
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periods have been established. The first period during childhood includes the dentition of the milk and permanent teeth
until the 18th year of age; during puberty there is an acceleration in dentition changes. The second period starts after the
completion of dentition when degenerative changes start taking
place.
Within the dentition period four stages have been defined:
1. Development of the crown.
2. Development of the root.
3. Development of the enamel.
4. Eruption.
Dentition is completed after the occlusal surface of the tooth
reaches the height of the neighbouring teeth and the growth of
the root has ended.
There are three methods for forensic age estimation – morphological, biochemical and radiological. Using these methods
it is important to know that the chronological age of a person
can differ from the biological. One frequently used scheme was
established by Schour and Massler (1958) with variations by
Ferembach et al. (1979) (Fig. 65.4). Ciaparelli (1985) determined that the data are reliable for male children but that there
is a difference for females, who may be up to 6 months younger
than the estimate. The older a child is, the less accurate the
estimation is likely to be.
One of the most important studies in the field of age estimation was the Gustafson method which used regressive changes
such as secondary dentin formation, periodontal recession,
attrition, apical translucency, cementum apposition and external root resorption – all typical age-related phenomena. Compared with other studies that investigated only one age-related
trait, the advantage of this method was that different changes
of the tooth structure were combined. The Gustafson method
was the first to use a statistical approach and required thin slices
of the tooth to be available for microscopic investigation. Four
stages of changes were established in this study by assigning a
value between 0 and 3 for every phenomenon (Fig. 65.5). The
sum of all the values showed the correlation to the age to be
r = 0.91 (with correction) (Fig. 65.6) using the formula
Age = 11.43 + 4.56x (where x is the sum of the points of the
phemomena). The reliability of the estimation could be
increased if more than one tooth was used. In such cases the
final result was established by using the mean value of the
intermediate results (Gustafson 1947, 1950, 1955, 1966).
Recently, research has focused on finding additional anatomical tooth structures that can be utilised for determining
the age of a person. The pulp cavity, for example, is reduced as
a result of secondary dentine deposits and measurements of
this reduction can be used as an indicator of age. Statistical
analyses have shown a correlation between age and the different
ratios of the pulp cavity (Kvaal et al. 1995; Paewinsky et al. 2005;
Meinl et al. 2007). Other studies have shown the potential for
age estimation using anatomical dental structures. Solheim
(1988a) reported on the colour of teeth, which change with age
and differ between males and females. Another aspect is the
attrition of teeth; the premolars show the highest correlation
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Figure 65.4 Development of dentition over a person’s lifetime. Data from Schour and Massler (1958) and Ferembach et al. (1979), © American Dental
Association, Chicago.

18 (±6)
months

1 year
(±4 months)

9 (±3)
months

6 (±3)
months

Birth
±2 months

7 (±2) months
In utero

5 (±2) months
In utero

1196
PART IX   IDENTIFICATION

1197

CHAPTER 65   FORENSIC ODONTOLOGY

with age with a coefficient of r = 0.68. In addition, attrition is
much more prevalent in men (Solheim 1988b). Measurements
of the non-uniformity of the root and the surface of the root
show a strong correlation to the age: r = 0.44 and r = 0.68,
respectively (Solheim and Kvaal 1993).
Some of the reported methods have been criticised on
several points. One of the most frequent criticisms is that the
A0

A1
S0

A2

S1

P0

methods are too complicated. The Gustafson method, in particular, requires a lengthy tooth preparation and microscopic
examination. This can be applied to individual identification
cases but is not feasible in instances with a high number of
unknown bodies. In cases of mass disasters these methods are
too time consuming and normally not used. Another point of
criticism is a strong subjective component relying on the experience of the investigator – not only the accuracy of the measurements but also the skills of the investigator may have an
influence on the results.
An age estimation method using biochemical changes examines the degree of asparagine acid racemisation in dentin.
Ogino et al. (1985) reported this method for the first time and
got promising results, with a high correlation to the real age of
up to r = 0.99. Ritz et al. (1993) also investigated root dentin
and showed a close relationship between the extent of aspartic
acid racemisation and age. This is important in those cases
where a large portion of the coronal dentin is absent, for
instance following dental treatment. The method is only used
in special cases since it is fairly expensive and requires special
equipment.
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65.4 Identification of an
unknown person

T3

The identification of an unknown person can be based on
different primary and secondary methods. Being a primary
method, odontological identification is one of the most important and reliable tools in the field. As described before, individual dental records form highly variable data sets that can
be compared with each other. Some scenarios, for example
existing teeth that are reported as missing in the antemortem

T2

T1

Figure 65.5 Classification of changes of the teeth following
Gustafson (1947, 1950, 1955, 1966). A, attrition; C, apposition of
cementum; P, changes of the periodontium; R, resorption; S,
secondary dentine; T, transparency.
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Figure 65.6 (a) The regression line for age estimation and (b) the relation between point values and the age of 41 individuals
(Gustafson 1947, 1950, 1955, 1966).
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documentation, enable the exclusion of a possible identity. It is
recommended that a combination of several findings are used
for a reliable exclusion comparable with other primary methods
of identification.
If the dental chart comparison indicates a positive association and thus a possible identity, the certainty depends on the
overall complexity of the findings. Associating two charts with
a treatment with combined dentures can give highly reliable
information, but there is no source of statistical information
about the distribution of different dental treatments in different populations and age groups. This means it is not possible
to statistically evaluate the significance of a match as is done
for cases identified using DNA-based methods. Efforts in establishing databases capturing dental chart data and frequency of
tooth characteristics have not yet been successful. Treatment

choices and distributions change frequently, the extent of treatments is age-dependent, the coding varies and more complex
modifications cannot be captured easily. The only epidemiological information available is the decayed missing filled teeth
(DMFT) index established to track caries prevention (Korts
et al. 1978) but this index is of limited value for forensic dentists. There are still no data on, for example, how frequent
implants in the molar region of the right side of the upper jaw
are in a population. Since there is no established statistical
calculation to support the strength of a dental identification,
the final conclusion may depend on the experience and subjective opinion of an investigator. This means training and extensive quality control, including a review of all findings, are
necessary. The following case examples illustrate some problems encountered in fieldwork.

Case example
The first case represents a false exclusion. An unknown body was examined and the following dental data set was established: upper
jaw toothless and full denture; lower jaw showing a combination of treatments with a block of crowns in the front and a partial denture
with gold-coloured clamps (Fig. 65.7). Fingerprints from the body had been compared with the fingerprints from the home of the possible victim and had led to a positive identification but a review of the dental records showed several exclusions. The antemortem record
reported a single tooth to be present in the upper jaw and missing teeth in the front of the lower jaw. The original documentation
of the dental practice clarified the discrepancy for the upper jaw. The transfer of the data had been incorrect: the dentist had documented the extraction of the tooth using only an abbreviation and thus the extracted tooth was not registered as missing. For the lower
jaw the medical record reported missing teeth in the front and a bridge. This dental treatment had not been performed by the dental
practice providing the antemortem data therefore their documentation of the lower jaw was incorrect. The block of crowns in the front
had been misinterpreted as a bridge (Fig. 65.8). The described discrepancies would normally have been exclusion criteria and would
have prohibited an identification based on dental charts. This illustrates that reliable antemortem data are as critical for the identification process as error-free postmortem data (Kieser et al. 2006).

Figure 65.7 Lower jaw with a combination of treatments in an
unidentified body.

Figure 65.8 Cast from a dental practice providing the
antemortem data for a missing person.
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Case example
The second case example shows a positive identification with typical antemortem information. Even though not all findings were documented in the dental chart provided by the dental practice (Fig. 65.9), the existing crowns and missing teeth gave sufficient information
for a reliable identification.

Figure 65.9 Antemortem dental record.

65.5 Bite marks
The forensic odonto-stomatological investigation of bite marks
is not common in forensic science casework. The state of the
dentition, the degree of break down and/or repair of the teeth
may create a bite mark with a high level of individuality. In
some cases this may allow identification of the biter (Ligthelm
and van Niekerk 1994; Saglam Atsü et al. 1998; Lessig and
Benthaus 2003; Lessig et al. 2006). Most bite marks are obtained
from cases of sexual violence. Some may be defensive bites
placed on the attacker by the victim, and, though rarely seen,
some bite marks may be self-inflicted.
Generally, bite marks consist of superficial abrasions and/or
subsurface haemorrhage, or bruising of the skin because of the
bite (Endris 1979). Though the mechanism is not clearly understood, the pattern of the injury is affected by the force and
length of time of the bite, in combination with other mechanical and physiological factors. Barbenel and Evans (1977) have
discussed the influence of the skin lineages.

Bite marks may be found in cases of sexual violence in
typical areas of the human body – the genitals and breasts – but
also in cases of child abuse. In such cases the number of bites
can be very high; Trube-Becker (1973) reported a case with 17
bite marks.
Occasionally bite marks are obtained in various types of
food like chocolate, chewing gum, fruits, vegetables and similar
(Endris 1979; Saglam Atsü et al. 1998; McKenna et al. 2000)
although solid food is more likely. Aboshi et al. (1994) reported
the identification of a suspect arsonist by means of bite marks
in cakes that were found at the scene of the crime. A missing
upper right central incisor was proved to be in the patterned
injury. Bernitz et al. (2000) reported a case of murder where
there was a bite mark in a piece of cheese. The pattern-associated
comparison between the impression and a study model of
the suspect was able to identify the perpetrator. In this case,
fingerprints and DNA evidence were not found at the crime
scene and the court was reluctant to accept the validity of
the investigation method. The forensic odonto-stomatologist
involved in the court case, proved the validity of the method by
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producing several bite marks in cheese, butter and cooked
potato; pairwise comparisons were made by two odontologists.
These examiners correctly identified all the true matches as well
as selecting the dental models for which there were no corresponding impressions.
The characteristics of human bites are superficial abrasions
and/or subsurface haemorrhage looking like an arch. These are
caused by the incisors, canine and premolars. The abrasions
and/or haemorrhage caused by the canines are in the shape of
points. If the perpetrator has had major dental work, additional
specific marks can be expected, which differ between bridges,
crowns and dentures. Crowns and bridges have a ceramic delusion while dentures are characterised by braces. These peculiarities can be responsible for specific wounds and additional
markers for identification.
Depending on the part of the body and the constitution of
the skin, the bite mark can be distorted. Frequently this can be
the reason for problems when analysing bite marks. To prevent
mistakes in pattern-associated comparison it is recommended
that bites should be simulated at similar body parts using the
study casts of the suspect (Lessig 2001; Lessig and Benthaus
2003) or using digital techniques for a stepwise dynamic comparison (Sakoda et al. 2000; Thali et al. 2003). Sheasby and
MacDonald (2001) recommended a classification to emphasise
the need of a scientific approach for the interpretation of the
types of distortion. They introduced the terms primary and
secondary distortion. Primary distortion is defined by the
dynamics of the bite. Secondary distortions can be divided into
three categories: (i) time-related distortion when a bite changes
with the time elapsed subsequent to the bite being made; (ii)
posture distortion; and (iii) photographic distortion. It is also
important to differentiate human and animal bites as well as to
identify the kind of human bite. Human bites can be classified
into defence and suction types.
To record a bite mark, an exact photographic documentation and one-to-one transfer to onto a transparent sheet are
indispensable (Fig. 65.10). Swabbing of the bite injury is important to recover trace evidence. Stains of saliva or human cells
for a DNA analysis should be collected whenever possible
(Wright and Dailey 2001; Lessig and Benthaus 2003; Lessig
et al. 2006).
Bite marks are often difficult to notice and may be overlooked. Sometimes it is problematic to detect and record these
patterns. The uniqueness of the human dentition and analytical
techniques usually allow an exact identification of the perpetrator (Pretty and Sweet 2001b) although the quality of the bite
mark is an important factor. New approaches with digital techniques overlaying the bite mark and patterns of a suspect facilitate an exact investigation. Bite mark and study casts can be
compared using three-dimensional images (Thali et al. 2003;
Blackwell et al. 2007). It is important to have a good quality
offender traces recorded by specialists only (Pretty and Sweet
2001c). Unfortunately, due to the strategy of getting DNA evidence first, opportunities for forensic odonto-stomatological
investigations are often used very late and experts are usually

Figure 65.10 Copy of bite mark from a victim transferred to an
acetate sheet.

not involved in recording the bite marks. Thus, the record of
patterned injuries is based on recommendations for DNA analysis and may ignore guidelines for other types of investigations
and the recommendations for photographic evidence. If DNA
identification fails, forensic odonto-stomatological investigations should be considered in all cases of bite injuries. The
presented cases suggest that almost all investigations can be
done successfully.
To standardise the analysis of bite marks, the American
Board of Forensic Odontostomatology (ABFO) established
guidelines in 1986. These guidelines are important for the investigation and should be carried out in all routine casework:
1. History: Obtain a thorough history of any dental treatment carried out after the suspected date of the bite mark.
2. Photography: Extra-oral photographs should be taken,
including full face and profile views; intra-orals photographs should include frontal views, two lateral views and
an occlusal view of each arch. Often it is useful to include
a photograph of maximal mouth opening. If inanimate
materials, such as foodstuffs, are used for test bites the
results should be preserved photographically.
3. Extra-oral examination: Record and observe soft tissue and
hard tissue factors that may influence biting dynamics.
Measurements of maximal opening and any deviations on
opening or closing should be made using a special scale
rule (Fig. 65.11).
4. Intra-oral examination: Salivary swabs should be taken.
The tongue should be examined to assess size and function.
The periodontal status should be noted with particular
reference to mobility. Prepare a dental chart if possible.
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43/42

12

Figure 65.11 Scale recommended by the American Board of
Forensic Odontostomatology.

Figure 65.12 Acetate sheet with the transferred mark of the
study casts of the suspect.

5. Impressions: Take two impressions of each arch using
material that meets the American Dental Association specifications. The occlusal relationship should be recorded.
6. Sample bites: Whenever possible, sample bites should be
made into an appropriate material, simulating the type of
bite under study (Fig. 65.12).
7. Study casts: Casts should be prepared using type II stone.
Additional casts should be made by duplicating the master
casts.

32/33

22

Figure 65.13 Bite mark with an overlaid acetate sheet of the
mark from the study casts of the putative perpetrator. The
numbers represent the specific teeth which could be identified
as the second incisor of the right upper jaw (12), second incisor
of the left upper jaw (22), second incisor (32) and eye tooth
(33) of the left lower jaw, and second incisor (42) and eye tooth
(43) of the right lower jaw.

Pretty and Sweet (2001a) sent out a questionnaire to 69
American odontologists examining bite marks. Their purpose
was to examine adherence to the guidelines. Twenty-eight
(41%) of the odontologists were members of the American
Society of Forensic Odontology (ASFO). The study found that
methods differed between examiners although, in general, the
odontologists adhered to the guidelines. The materials employed
by the odontologists were acceptable and defendable in court.
Forensic dentists who neglected the guidelines could face harsh
criticism when testifying in court (Pretty and Sweet 2001b).
Pretty and Turnbull (2001) reported a case showing a lack of
dental uniqueness between two suspects. The dental arrangement of the suspects was similar and it was impossible to determine the biter positively. Thus, the central dogma that every
bite mark is unique, was disproved.
In another study the effectiveness of digital bite mark overlays was verified. Different examiners were asked to compare
scanned photos of bite marks with impressions of suspects.
They found that although the experience of the examiners had
an influence on the results, the method overall had a high level
of reliability (Pretty and Sweet 2001b).
Using patterns of the study casts of a suspect and fixation of
the bite registration was also found to be the basis for successful
analysis (Endris 1979) (Fig. 65.13). Impressions of the suspect
made in material similar to that involved in the case were successfully matched to the case patterns. These cases show that it
is worth trying bite mark analysis even in cases of bad documentation (Bowers 2006; Bowers and Pretty 2009).
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The Doctor
and the Law

Brigitte Tag

66.1 Legal relevance of medical
treatment
Knowledge of human diseases and adequate treatments, how
the human body is structured and how it works has grown very
quickly. The hope is that all the information generated by
medical research concerning the human body and health may
give new insights which will be greater than the sum of each
individual piece of knowledge. Against this background, the
potential of medical treatment, handling of the corpse and
human research must be evaluated from a legal point of view
(Tag 2006a, 2007, 2011). Both information already gleaned, and
new knowledge in the future, will lead to new contexts and
insights of the doctor–patient relationship, informed consent,
decision making, protection of highly vulnerable persons and
sensitive data.
This progress is made more complex by the fact that findings
from research concerning the human body and a broad range
of diseases are made internationally and nationally, and need
to be analysed, developed and integrated into an overall context.
This leads to a confluence of various ethical and legal concepts
and entails both challenges and burdens. Alongside the new
insights and significant synergy effects of linking the generated
data and databanks, there is a certain potential for conflict
which must not be disregarded. The following is an attempt to
highlight a selection of these topics. National and international
law is not independent of the medical, technical, physical and
sociological principles of medical treatment and its associated
ethical issues. Each nation has different values and perceptions
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about how humans should be both physically and mentally
treated and what kind of human research, medical therapy and
interventions are permitted. Where uncertainty exists with
respect to moral and ethical concepts, it should not be the aim
of legislation to proclaim any one of the valid positions to be
generally binding and to exclude the others – the understanding
of what legislation is, and should be, is subject to different
insights which are continually changing. Moreover, only when
the legislature provides a common purpose, when it is regarded
by society as legally justifiable from an ethical point of view, is
there a chance of it being accepted by the community.

66.1.1 Persons involved
The number of people directly and indirectly affected by
medical treatment and clinical research is considerable. Medical
treatment, be it surgery or pharmaceutical intervention, in
cludes first those who use it to treat patients and/or to perform
medical research. Also directly affected are the patients who are
to be examined and treated, and indirectly their close family
and social environs. Those who bear the costs of this treatment
(e.g. health insurance, research) and cooperating partners from
industry and business who develop and distribute the relevant
equipment and drugs are also involved.
Distinctions may be made between several important issues
related to medical treatment and clinical research. On the one
hand there are medical check-ups, diagnosis, treatment and
post treatment, and, on the other hand, human research. It is
crucial to consider the use of the data thus generated, medical
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confidentiality, data protection and the right of the person
concerned to know and the right not to know. Furthermore, a
distinction must be made between examinations and treatment
of living persons and examinations of corpses. The right of the
person involved to know or not to know requires a separate
examination of the rights of access and information of third
parties. Given this broad spectrum, it is hardly surprising that,
as in the field of the doctor and the law, there is little interna
tional consensus on its contents and boundaries. The scope of
permissible treatment, impermissible intervention and mal
practice is correspondingly large. The complexity of the human
body and causes of the diseases and the current standard of lex
artis make it more difficult.
Even the judicature is drawn in by the undertow of these
developments. This is shown for example in the field of crimi
nal law: whether performing medical treatment constitutes an
offence of bodily harm caused wilfully or negligently, depends
on the national legal preconditions and requires a solid knowl
edge of medical care and its significance. In the field of new
medical treatments and medication, it is not easy for the legis
lature to anticipate the degree of regulation needed and to
provide the appropriate legislation.
The net is thus widely cast. Nevertheless, the hugely different
issues can be reduced to one common denominator. The fol
lowing shows that it is not easy for traditional legal norms to
do justice to modern developments, and for a variety of reasons
they sometimes do not have the ability to meet the need for a
rapid and simple means of adaption. It should be remembered
that the provisions of the legislature and those governing medi
cine are of a fragmentary and subsidiary nature; this is also true
concerning jurisdiction. Criminal law, in particular, covering
so-called ethical minimums and one of the most potent means
of intervention for the state, should not become overwhelming
when guiding the doctor–patient relationship. Otherwise there
is a danger that medical progress, and thus society’s legitimate
interest in an effective and appropriate medical system, would
be disproportionately stunted.

66.1.2 Criminal relevance of medical
diagnosis procedures and medical
treatments as bodily harm
or assault
In many states the criminal relevance of medical diagnosis pro
cedures and medical treatments is determined according to the
provisions of the criminal law. If there are no special provisions
for malpractice in the case of violating the physical integrity of
a patient, then offences against life and limb, in particular those
of bodily harm and violence, constitute the focus of criminal
liability (Box 66.1).
For example, under Article 123, paragraph 1 of the Swiss
Criminal Code (SCC) or sections 223 and 230 of the German
Criminal Code (GCC) anyone who wilfully causes damage to
the physical integrity or health of another shall, on a complaint,
be liable to prosecution. Normally there are also provisions that

Box 66.1 Examples of liabilities involving medical activities
(corresponding to the national regulations).
•
•
•
•
•

Civil liability
Responsibility
Responsibility
Responsibility
Responsibility

under
under
under
under

criminal law
labour law
professional regulations
disciplinary law, occupational ban

anyone who negligently causes damage to the physical integrity
or health of another shall, on a complaint, be liable to impris
onment or a fine (e.g. see SCC, Article 125, paragraph. 1; GCC,
sections 229 and 230). In contrast to that which constitutes an
offence of bodily harm in Germany, the protection provided for
by Swiss law also includes mental health.1 In this, it is immate
rial whether psychological impairment has a physical cause or
whether it results in health impairments.
Normally, criminal codes protect healthy persons as well as
those who are ill.2 Physical and mental integrity must be under
stood in a relative sense, especially as a person can have a physi
cal or mental handicap from birth or it may be acquired during
his or her lifetime.
In Germany and Switzerland, medical malpractice claims are
mostly settled with liability insurers (Tag 2011). In many cases
there are mediation services and the social health insurers will
have given expert opinions. In Switzerland there is a huge dif
ference if the malpractice took place in a public hospital or in
a private hospital. In the first case the Swiss cantons are liable
for the malpractice, and in the second the Swiss Code of Obliga
tions3 governs the malpractice and the doctors are liable for
their acts and omissions.
In some European countries, case law decides on medical
diagnostic examination and medical treatment using the
benchmarks that apply with respect to every other form of
bodily harm or violence.4 The patient nevertheless has the right
by reason of his or her dignity and autonomy in decision
making to release by way of consent the doctor’s scope from
the narrow confines placed on it by criminal law. That means
as a rule that it is necessary for the patient to give his or her
informed consent to the medical treatment. In cases where the
actual informed consent of the patient cannot be secured (for
example as a result of the physical or mental disposition of the
patient or in cases of emergency where any delay is dangerous)
or it cannot be obtained in time or at all, supposed consent – or
in exceptional cases the existence of a conflict of duties or
necessity – can be invoked as justification.
These legal principles are relevant to medical diagnosis and
treatment where there is suspected bodily harm.
1

Swiss Federal Court, decision 20 April 1977, BGE (Decision of the Swiss
Federal Court) 103 IV 65, 70; Trechsel and Fingerhuth (2013).
2
Swiss Federal Court, decision 20 April 1977, BGE 103 IV 65, 70.
3
OR, Articles 394 ff.; Agency Contract, SR 220.
4
Swiss Federal Court, decision 14 September 1973, BGE 99 IV 208, 209 et seq.;
decision 3 December 1998, BGE 124 IV 258 et seq.
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Table 66.1 Some typical sources of problems concerning medical
activity (Tag 2011).

Anamnesis
Diagnosis
therapy

Medical
certificate
Prescription

Documentation

Problem

Examples

Medical
malpractice

Wrong anamnesis, examination, diagnosis
Failed or wrong diagnostic assessment
(lab, X-ray, ultrasonic testing, CT, MRI,
PET, etc.)
Wrong method of treatment
Risk taking without sufficient experience
or specialised knowledge
Danger due to fatigue
Therapeutic consultation error,
insufficient information
Mistake in patient, in the operation field
(arm, leg, kidney), in the surgical
procedure (abortion instead of prenatal
diagnosis)
Faulty medication, overdosage, mix of
the remedy, lack of bedside monitoring
Breach of hygiene and safety
Complications overlooked
Obsolete techniques for surgery
Wrong bedding
Wrong employment of equipment,
omission of corrective maintenance
Defective implantation of medical
devices, organs, tissue
Malpractice concerning injections,
infusions, transfusions
Failed or delayed hospital admission
Failed or delayed consultation of experts
Missing attention towards children
Unnecessary surgery

Incorrect
information

Failed, wrong or delayed information
Missing consent

Errors in
cooperation

Faulty organisation
Errors in coordination
Errors in communication
Negligence concerning risk taking
Delegation error: wrong delegation;
wrong triage
Monitoring error concerning the vertical
division of work: failure to warn; wrong
information; errors arising in the
transmission of messages, error of
observation/control, failed proofing and
supervising documentation

Faulty
documentation

Deficient, wrong or missing patient
documentation
Inadequate safeguarding of diagnostic
findings

Division of
labour

Doctor–patient
relationship

Aftertreatment

Medical
equipment

Drugs
Communication

Information

Figure 66.1 The well-known duties of doctors. Some elements
are considered to be core duties, for example history taking,
accurate diagnosis, treatment, giving information and
establishing informed consent, whilst other elements are
regarded as ancillary, for example error-free medication and the
operation and repair of medical equipment.

66.1.3 Detailed issues
In most countries the main duties of the doctor – to make an
appropriate diagnosis, to treat well and to inform the patient
correctly – can be outlined more precisely by looking at the
wide range of their responsibilities (Fig. 66.1 and Table 66.1).

Medical indication and medical or
technical standards
If there are no relevant special provisions in the national regula
tions, the practice of performing medical examinations and
treatments on living persons is guided in the first instance by
the general fundamental principles of law. For medical exami
nation and treatment to be performed legally, lex artis as the
standard of care and informed consent must be given.

Professional standards
Medical indication covers the circumstances that, in addition
to patient autonomy, form the basis for medical action. It
regularly influences the decision for or against using certain
diagnostic or therapeutic procedures. For a procedure to be
indicated, it is not sufficient for a possible condition to be
diagnosed. Rather, the patient’s personal data such as age, seri
ousness and duration of condition, mental and psychological
state, personal resilience, acceptance of the condition and per
sonal circumstances must also be taken into account.

CT, computed tomography; MRI, magnetic resonance imaging; PET, positron
emission tomography.

Linking medical diagnosis and therapy to an indication is
part of the ethical–legal norms of the medical profession. In
general, a method of diagnosis can be justified in medical terms
if the diagnosis is followed by a specific preventative or thera
peutic treatment. Whether the method is an appropriate means
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of recognising sicknesses or pathological deviations from the
normal functions of the body must be assessed according to the
experience and findings of the researchers and doctors working
in the relevant field. Core knowledge that provides reliable
information on the necessity of performing the particular
method for diagnostic and therapeutic purposes, will act con
currently as a guideline for legal evaluation. This principle is
enshrined in Article 4 of the Convention on Human Rights and
Biomedicine:5
Any intervention in the health field, including research,
must be carried out in accordance with relevant profes
sional obligations and standards.
The standards thus outlined, which allow and restrict
medical diagnoses and treatments, are not set in stone. Because
of progress the lex artis is subject to constant change. Further
more, there is a wide range of examinations and treatments,
from those providing maximum medical care to those provid
ing so-called basic care. Although the general tying of diagnosis
and treatment to an indication is part of the ethical–legal
norms of the medical profession, its scope of effect is ambiva
lent from a legal point of view. Besides, not everything that in
medical terms or in keeping with the practice of a careful doctor
is appropriate, expedient, measured or necessary, reflects the
expectations and wishes of the patient. Thus it can be that a
patient refuses an examination or a treatment although it is
medically indicated.
The doctor has an obligation to the person being examined
or treated to use those methods that reflect the current state of
the art. In determining diagnostic methods and treatments
based on current knowledge, there is often a choice of several
possible measures. The doctor breaches his or her duty only
where making a diagnosis or selecting a therapy that no longer
appears justifiable and which therefore does not satisfy the
objective requirements of lex artis.6 A diagnosis method or
medical treatment is no longer capable of satisfying the stand
ard where updated methods recognised by experts exist that
entail less risk and/or place less of a burden on the person being
examined or treated. In this case, the method previously used
no longer meets the needs of appropriate treatment. Here we
can say yesterday’s standard constitutes today’s error. If the
outdated diagnosis method or medical treatment leads to
bodily harm, the objective elements of a crime of simple bodily
harm or those of an offence of violence may be fulfilled,
depending on the national legal requirements. For example,
bodily harm through negligence (SCC, Article 125; GCC,
5

Chart of signatures and ratifications can be found at http://conventions.coe.
int/Treaty/Commun/ChercheSig.asp?NT=164&CM=1&DF=29/10/2011&CL=
ENG (last accessed 3 October 2013).
6
For example, the Swiss Federal Court, decision 25 October 1994, BGE 120 Ib
411 E. 4a, with further references; decision 28 November 2003, BGE 130 IV 7,
12 (standard of care – tentative diagnosis); decision 20 December 2005, BGE
132 III 359 (failed sterilisation).

section 229) may be decided where the doctor as a result of
insufficient diligence assumed that the specific methods were
not harmful.

Self-determination
Significance
As the person to be examined faces the consequences of the
possibly serious diagnosis and risks of a treatment and, as a
rule, he or she is the only one who knows his or her personal
priorities and values, the patient has the final say on whether
an examination and medical treatment should be performed.
The corresponding legal basis can be found in several bodies of
rules and regulations, for example in Article 8 of the Conven
tion for the Protection of Human Rights and Fundamental
Freedoms (ECHR), Article 10 of the Convention on Human
Rights and Biomedicine and Article 3 of the Charter of Funda
mental Rights of the European Union (Box 66.2).

Box 66.2 Legal rules on self-determination.
Article 8 of the ECHR: Right to respect for private and
family life
• Everyone has the right to respect for his private and family
life, his home and his correspondence.
• There shall be no interference by a public authority with the
exercise of this right except such as is in accordance with the
law and is necessary in a democratic society in the interests
of national security, public safety or the economic well-being
of the country, for the prevention of disorder or crime, for
the protection of health or morals, or for the protection of
the rights and freedoms of others.
Article 10 of the Convention on Human Rights and
Biomedicine: Private life and right to information
• Everyone has the right to respect for private life in relation
to information about his or her health.
• Everyone is entitled to know any information collected about
his or her health. However, the wishes of individuals not to
be so informed shall be observed.
• In exceptional cases, restrictions may be placed by law on the
exercise of the rights contained in paragraph 2 in the interests of the patient.
Article 3 of the Charter of Fundamental Rights of the
European Union: Right to the integrity of the person
• Everyone has the right to respect for his or her physical and
mental integrity.
• In the fields of medicine and biology, the following must be
respected in particular:
○ the free and informed consent of the person concerned,
according to the procedures laid down by law;
○ the prohibition of eugenic practices, in particular those
aiming at the selection of persons;
○ the prohibition on making the human body and its parts as
such a source of financial gain;
○ the prohibition of the reproductive cloning of human beings.
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Medical treatment
(diagnosis, treatment, lege artis)

Range lex artis
Therapeutic information
concerning medical
treatment

Self-determination:
information about
medical care needed
for patient selfdetermination

Figure 66.2 The three overlapping circles of duties concerning medical treatment, therapeutic information and information concerning
self-determination of the patient’s body and the necessary medical measures.

In many European countries the national constitution guar
antees the power to decide what is done with one’s body, a right
accorded every person by virtue of their existence and in the
interests of a self-determined life. Article 10, paragraph 2 of the
Swiss constitution states: ‘Every person has the right to personal
liberty and in particular to physical and mental integrity and
to freedom of movement’. Article 1, section 1 in conjunction
with Article 2, section 2 of the Basic Law for the Federal Repub
lic of Germany states: ‘Human dignity shall be inviolable. To
respect and protect it shall be the duty of all state authority. . . .
Every person shall have the right to life and physical integrity.
Freedom of the person shall be inviolable. These rights may be
interfered with only pursuant to a law’.
Depending on the respective national legal situation, a lot of
laws and provisions regulate informed consent in a specific and
detailed manner.7 The right of self-determination provides the
individual set of values and the right to autonomy with regard
to one’s own body and health. Examination and treatment is
permitted following consent by the bearer of the legal interests.
This consent represents whether, and to what degree, the person
concerned permits at that time the medical intervention into
his or her body. The patient’s consent must be based on the
awareness of the authorised person and has to be declared
before the examination or treatment begins.
In order to prove an act of true self-determination, the
person to be examined must be consciously aware, capable of
understanding and prepared to bear the consequences of his or
her decision. What is of interest here is the conflict between
autonomy and care. Due to a lack of sufficient legal provisions
concerning whether the patient is capable of such a judgment,
the literature and the national case laws surrounding the subject
have developed their own basic principles. Irrespective of legal
capacity under civil law and criminal responsibility under crim
7

For example in Switzerland each canton has its own rules, for example see
Patientinnen- und Patientengesetz des Kantons Zürich, sections 13 ff.

inal law, the capacity to consent is determined subject to the
existence of the actual capacity to understand and to judge
the significance and consequences of the intervention and the
permission to perform it. The facts of each individual case
are decisive in evaluating the capacity to understand and to
express a will.
In principle, persons of legal age have the capacity to consent
insofar as no specific reasons exist to suspect the presence of
psychological defects, consciousness deficiencies, etc. The rejec
tion of medically indicated treatment alone does not constitute
sufficient reason to conclude a lack of capacity to consent (Fig.
66.2). Even decisions that contradict objectively reasonable
considerations can be in the best self-determined self-interest.

Deficiency of will
Self-determination of the person to be examined does not sym
bolise an absolute value, but rather moves on a scale between
self-determination and freedom, on the one hand, and depend
ence, on the other. A self-determined decision in favour of the
medical examination and treatment needs a decision that is
made carefully, voluntarily and according to personal values. It
should not run contra bonos mores; this term is taken from civil
law.8 An act or omission that runs contrary to the mores of fair
and just thinking people is deemed to be against good morals.
As far as a medical therapy is concerned, the limits of good
morals are reached only where the legal censure as an ethical
minimum is derived clearly from the legal system.
A meaningful, informative consultation and, thus, effective
consent cannot occur if the patient – whether temporarily or
absolutely – is unable to understand and consider the main
8

Article 41 paragraph 2 of the Swiss Code of Obligations states: ‘A person who
wilfully causes loss or damage to another in an immoral manner is likewise
obliged to provide compensation’. Section 138 subsection (1) of the German
Civil Code states: ‘A legal transaction which is contrary to public policy is void’.
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elements that are significant for a decision. Those who are
psychologically ill and mentally disabled need special attention.
Another question is whether the patient is capable of expressing
his or her wishes and of understanding. This question must be
answered in general by the expert. Where such a deficit is
present and where the patient cannot (any longer) manage his
or her own affairs, the decision whether to perform a medical
examination and treatment becomes a matter for the law or the
appointment of an authority. Its consent cannot, however, be
given freely, rather it must reflect the well-being and, in prin
ciple, the wishes of the person in care.
On this note Article 6, paragraph 3 of the Convention on
Human Rights and Biomedicine (Protection of persons not
able to consent) states:
Where, according to law, an adult does not have the
capacity to consent to an intervention because of a mental
disability, a disease or for similar reasons, the intervention
may only be carried out with the authorisation of his or
her representative or an authority or a person or body
provided for by law.
The individual concerned shall as far as possible take part
in the authorisation procedure.

Emergency
In emergency situations the appropriate consent often cannot
be obtained. In this case Article 8 of the Convention on Human
Rights and Biomedicine (Emergency situation) states:
When because of an emergency situation the appropriate
consent cannot be obtained, any medically necessary
intervention may be carried out immediately for the
benefit of the health of the individual concerned.
However, advanced directives and their validity in their
respective countries and other previously expressed wishes
relating to a medical intervention by the patient also have to be
taken into account (Article 9 of the Convention on Human
Rights and Biomedicine).

Minors
Due to their young age minors can be, but not necessarily,
unable to reason. In fact their capacity to understand and judge
the significance and consequences of the medical examination
and intervention depends in particular on the severity of the
intervention and the patient’s intellectual and mental maturity.
In Switzerland, the legal practice is of the opinion that a mature
13- or 14-year-old boy or girl may give consent to a moderate,
riskless intervention.
The Convention on Human Rights and Biomedicine (Article
6, paragraph 2: Protection of persons not able to consent)
declares:

Where, according to law, a minor does not have the
capacity to consent to an intervention, the intervention
may only be carried out with the authorisation of his or
her representative or an authority or a person or body
provided for by law.
The opinion of the minor shall be taken into considera
tion as an increasingly determining factor in proportion
to his or her age and degree of maturity.
The legal representative’s authorisation may be withdrawn at
any time if his or her decision does not correspond to the best
interest of a minor who is unable to reason.

Information
Consent to a medical examination and treatment is an act of
true self-determination only where it is combined with com
prehensive information. The person charged with making the
decision should be informed of all known significant factors,
within the confines of reason. The decision to be taken is deter
mined by a huge amount of factors with the result that the
doctor’s sphere of responsibility – in relation to consultation –
consists of correctly conveying and assessing the relevant
factors, explaining appropriate opportunities offered by other
diagnostic measures, and providing expert support to the
person seeking counsel in his or her decision for which he or
she is individually responsible. The consultation must also
cover the known successes and risks associated with the exami
nation and treatment (Fig. 66.3).
Article 5 of the Convention on Human Rights and Biomedi
cine (General rule) states:
An intervention in the health field may only be carried
out after the person concerned has given free and
informed consent to it.
This person shall beforehand be given appropriate infor
mation as to the purpose and nature of the intervention
as well as on its consequences and risks.
The person concerned may freely withdraw consent at
any time.
The patient or their representative must be given enough
time before the intended examination and treatment to ade
quately consider the pros and cons before reaching a decision.
As a general rule the wording must be so chosen as to allow a
medical layperson to understand the situation. Standard bul
letins and datasheets containing information on how the exam
ination is to proceed and the associated risks are needed as
a complement – but not as a surrogate – to the personal
discussion.
The existence and extent of a so-called ‘therapeutic privilege’
empowering the doctor to restrict the information seems to be
doubtful in the light of the right to know and to decide for
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I. In the
therapeutic
setting
III. Area of intersection:
clinical trial, use of new
drugs for larger patient
groups, phase III, product
monitoring, phase IV

II. In clinical
research

Figure 66.3 The two overlapping circles concerning medical treatment and human research. In the overlapping area the medical duties
as well as the duties concerning human research have to be considered. One example is drug testing during phase III of the drug
development, when the drug is tested on a large number of patients but before the drug is licensed.

oneself whether to know the details. The acceptance and range
of the ‘therapeutic privilege’ depends on national regulations.
Nevertheless, the limits of such restrictions must be drawn very
tightly. They may come into consideration if a comprehensive
informative consultation might lead to very serious adverse
effects to the mental state or the health of the patient. In this
case his or her representatives have to be informed about all
relevant issues.

The right not to know
The right to self-determination does not mechanically imply a
corresponding obligation. The reverse of the right to informa
tion on the state of one’s own physical, mental and general
health and body is the right to decide whether all findings
should be provided. Each individual must be allowed to decide
for him- or herself the extent to which he or she wishes to be
burdened by knowledge. If the patient chooses to refuse all
information and instead places the fate of his or her health in
the hands of the expert, this decision must be generally
respected. However, the right not to know is not unconditional.
Rejection of the right to know comes to a limit when a possible
lack of information makes the patient vulnerable to third
parties or when a lack of information may be dangerous for the
patient. Although the requirements must be judged on an indi
vidual basis, a basic informative consultation with the person
capable of understanding appears, in principle, to be requisite
(Box 66.3).

Professional secrecy: confidentiality
Medical professional confidentiality is one of the oldest guar
antees in the doctor–patient relationship and is an important
part of medical professional ethics. Today the Hippocratic Oath
has been updated by the Declaration of Geneva and the national
professional rules of conduct concerning the duties of the
doctors and good medical practice (Box 66.4).

Box 66.3 Legal rules on the right to know and not to know.
Article 10 of the Convention on Human Rights and
Biomedicine: Private life and right to information
• Everyone has the right to respect for private life in relation
to information about his or her health.
• Everyone is entitled to know any information collected about
his or her health. However, the wishes of individuals not to
be so informed shall be observed.
• In exceptional cases, restrictions may be placed by law on the
exercise of the rights contained in paragraph 2 in the interests of the patient.
Article 6 of the Swiss Federal Act on Human Genetic
Testing: Right not to knowa
• Every person has the right to refuse to receive information
about his or her genetic status subject to Article 18 paragraph 2.
Article 18 paragraph 2 of the Swiss Federal Act on Human
Genetic Testing: Right to self-determinationa
• The doctor must immediately inform the person concerned of
the test result if there is an immediate physical danger to the
person, to the embryo or to the fetus, which could be averted.
a

SR 810.12.

Box 66.4 Medical ethics.
Extract from the Hippocratic Oath (North 2009)
All that may come to my knowledge in the exercise of my profession or in daily commerce with men, which ought not to be spread
abroad, I will keep secret and will never reveal.
Extract from the International Code of medical ethicsa
A physician shall respect a patient’s right to confidentiality. It is
ethical to disclose confidential information when the patient consents to it or when there is a real and imminent threat of harm
to the patient or to others and this threat can be only removed
by a breach of confidentiality.
a
http://www.wma.net/en/30publications/10policies/c8/index.html
accessed 3 October 2013).

(last
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All over Europe there are different national and ethical regu
lations concerning medical secrecy. For example, in the UK,
professional confidentiality is described in Good Medical Prac
tice (2013) Establish and Maintain Partnerships with Patients by
the General Medical Council (GMC):9
50. You must treat information about patients as confi
dential. This includes after a patient has died.
The professional ethical obligations for nurses are set out in the
Nursing and Midwifery Council (NMC) code of professional
practice.10
Lord Goff 11 described the duty of confidence as follows:
A duty of confidence arises when confidential informa
tion comes to the knowledge of a person in circumstances
where he has notice, or is held to have agreed, that the
information is confidential, with the effect that it would
be just in all the circumstances that he should be pre
cluded from disclosing the information to others.
In the UK, the right to confidentiality is protected by
common law, Article 8 of the ECHR and the Data Protection
Act 1998. If medical secrecy is broken an individual can sue
through a civil court. That person can also complain to the
Information Commissioner if there is a breach of the Data
Protection Act 1998.12
In Germany, the medical secret is protected by the German
Criminal Code (Box 66.5) as well as by the Data Protection Act,
the Civil Code and the professional guidelines of the German
Medical Association (section 9, Confidentiality) and those of
the State Chambers of Physicians.
Section 203 of the GCC provides for punishment with
imprisonment of no more than 1 year or a fine for every wilful13
breach of medical professional confidentiality, in principle par
ticularly when the persons to whom the secret is disclosed on
their part (for example as doctors or a body representing the
medical profession) are bound to secrecy (for more informa
tion see Tag 2013). Both the fact that a medical examination or
treatment has been performed and the information thus pro
duced constitute medical findings which, as a rule, are protected
under section 203 of the GCC. A prerequisite is that the infor
mation is obtained during professional activities. If the doctor
divulges the secret, he or she will not necessarily be punished.
The code mentions the one limitation regarding professional
secrecy: consent of the person concerned. A justification of the
9

http://www.gmc-uk.org/guidance/good_medical_practice.asp (last accessed 3
October 2013).
10
http://www.nmc-uk.org/Documents/Standards/The-code-A4-20100406.pdf
(last accessed 3 October 2013).
11
Spycatcher case (Attorney General v. Guardian Newspapers Ltd, No 2 [1990]
1 AC 109).
12
http://www.legislation.gov.uk/ukpga/1998/29/contents (last accessed 3
October 2013).
13
In this case negligence remains without criminal punishment, and can
however be punished by disciplinary measures.

Box 66.5 Section 203 of the German Criminal Code: Violation
of private secrets.
(1) Whosoever unlawfully discloses a secret of another, in particular, a secret which belongs to the sphere of personal privacy
or a business or trade secret, which was confided to or otherwise
made known to him in his capacity as a
1. physician, dentist, veterinarian, pharmacist or member of
another healthcare profession which requires state-regulated
education for engaging in the profession or to use the professional title;
2. professional psychologist with a final scientific examination
recognized by the State; [. . .]
6. member of a private health, accident or life insurance company
or a private medical [. . .] service, [. . .]
shall be liable to imprisonment not exceeding one year or a fine.
(2) Whosoever unlawfully discloses a secret of another, in particular, a secret which belongs to the sphere of personal privacy
or a business or trade secret, which was confided to or otherwise
made known to him in his capacity as a
1. public official; [. . .]
6. person who is formally obliged by law to conscientiously fulfil
his duty of confidentiality in the course of scientific research
projects, [. . .]
shall incur the same penalty. [. . .]
(2a) Subsections (1) and (2) above shall apply mutatis mutandis
when a data protection officer without authorization discloses
the secret of another within the meaning of these provisions,
which was entrusted to or otherwise revealed to one of the
persons named in subsections (1) or (2) above in their professional capacity and of which he has gained knowledge in the
course of the fulfilment of his duties as data protection officer.
[. . .]
(4) Subsections (1) to (3) above shall also apply if the offender
unlawfully discloses the secret of another person after the death
of that person. [. . .]

disclosure can also result from the general justification, for
example necessity (section 34 of the GCC):
A person who, faced with an imminent danger to life,
limb, freedom, honour, property or another legal interest
which cannot otherwise be averted, commits an act to
avert the danger from himself or another, does not act
unlawfully, if, upon weighing the conflicting interests, in
particular the affected legal interests and the degree of the
danger facing them, the protected interest substantially
outweighs the one interfered with. This shall apply only
if and to the extent that the act committed is an adequate
means to avert the danger.
The right of refusal to give evidence of the medical profes
sion, contained in the German Code of Criminal Procedure
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Box 66.6 German Code of Criminal Procedure.
Section 53 of the GCCP: Right to refuse testimony on
professional grounds
(1) The following persons may also refuse to testify: [. . .]
3. [. . .] doctors, dentists, psychological psychotherapists, psychotherapists specializing in the treatment of children and juveniles, pharmacists and midwives, concerning the information
that was entrusted to them or became known to them in this
capacity. [. . .]
3a. Members or representatives of a recognized counselling
agency pursuant to sections 3 and 8 of the Act on Pregnancies
in Conflict Situations, concerning the information that was
entrusted to them or became known to them in this capacity;
[. . .]
(2) The persons designated in subsection (1), first sentence,
numbers 2 to 3b, may not refuse to testify if they have been
released from their obligation of secrecy. [. . .]
Section 53a of the GCCP: Right of professional assistants to
refuse testimony
(1) Persons assisting, and persons involved in the professional
activities of those listed in section 53 subsection (1), numbers 1
to 4, as part of their training, shall be considered equivalent to
such persons. The decision as to whether or not such assistants
shall exercise their right to refuse to testify shall be taken by
the persons listed in section 53 subsection (1), numbers 1 to 4,
unless such a decision cannot be obtained within a foreseeable
time.
(2) A release from the obligation of secrecy (section 53 subsection (2), first sentence) shall apply equally to the assistants.

(GCCP), complements the protection provided by substantive
criminal law (Box 66.6).
Genetic data available to a limited number of people are also
protected by the Swiss Criminal Law from possible disclosure
by medical practitioners. A prerequisite is that information is
obtained during professional activities. If the doctor divulges
the secret, he or she will not necessarily be punished. The SCC
mentions four limitations regarding professional secrecy:
consent of the person concerned, consent of the supervisory
authority, the obligation to provide information to authorities
and duty to give evidence. A justification of the disclosure can
also result from the general justification.
The Swiss Criminal Code provides for medical professional
confidentiality in Article 321 and research confidentiality in
Article 321bis.14 The right of refusal of the medical profession to
give evidence, contained in both the Swiss Civil Procedure Code
and Criminal Procedure Code, complements the protection
14
The Swiss Federal Act on Research Involving Humans will bring some amend
ments concerning the protection of research confidentiality, see http://www.
bag.admin.ch/themen/medizin/00701/00702/07558/index.html?lang=de (last
accessed 3 October 2011).
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provided by substantive criminal law. Article 321 of the SCC
provides for punishment with imprisonment or a fine for every
wilful15 breach of medical professional confidentiality, in prin
ciple particularly when the persons to whom the secret is dis
closed on their part (for example as doctors or a body
representing the medical profession) are bound to secrecy.
However, not every instance of the doctor or assistant passing
on this confidential information is punishable under criminal
law. For example, it does not constitute a punishable act of
disclosure when a doctor discusses the medical results with a
patient and explains a possible course of treatment to him or
her. Moreover, as mentioned before, the SCC recognises in par
ticular four restrictions on professional confidentiality (for
more information see Tag 2004; Mausbach 2010).

66.2 Legal aspects of personalised
medicine
66.2.1 Definition and areas of application
Personalised medicine has the potential to have a lasting impact
on national health care systems (e.g. Hüsing et al. 2008). Indi
vidual people and their personal health care needs are already
the focal point of medicine. So what makes personalised medi
cine so different? The answer to this question is relatively simple
as personalised medicine mainly involves the exploration of
molecular causes and interrelationships of diseases. It is widely
known that the differential diagnosis is not always right and the
chosen therapy might not be effective or is suboptimal. In the
case of cancer treatments, systemic therapies might be success
ful in some patients – even leading to a complete remission –
while in others chemotherapy cannot stop the lethal course of
the disease and may not satisfactorily improve the patient’s
quality of life. In some patients, rheumatoid arthritis can cause
severe joint damage after a short amount of time, while in
others this does not occur (Leipe et al. 2011). The list of exam
ples could be continued ad infinitum. They make clear that
available diagnostic and therapy procedures may not always be
suitable for individual patients.
One reason for this might be that in evidence-based medi
cine the effectiveness of therapies is evaluated by randomised,
placebo-controlled studies. However, relatively large patient
groups are necessary in order to make statistically significant
statements. Statistical conclusions drawn on the meso level are
then applied to individual patients on the micro level. This
occurs, for example, in oncology when patients within and
outside studies receive treatments according to fixed therapy
protocols. Statistical results are not always true for individual

15

Negligence remains without criminal punishment, and can however be pun
ished by disciplinary measures.
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cases and prescribed rigid therapies with standardised drug
dosages and intervals might not always be the ideal treatment
for individual patients. Although disease patterns might be
similar, causes and effects on a molecular level and individual
living standards can be completely different.16 In order to make
better treatments possible, more biomarkers and drugs are
increasingly used that have been developed with the help of
genome research (Schmitz et al. 2008). In this context it is
helpful to explain the meaning of ‘biomarkers’: a biomarker
is a collective name for cells, genes, determined molecules,
enzymes, proteins and hormones. According to a definition
from the Biomarkers Definitions Working Group (2001),
biomarkers are characteristic biological features that can be
objectively measured and indicate a normal biological or
abnormal process in the human body. Well-known examples
are values that are collected during the analysis of a blood
sample and can be indicators for the health situation of the
patient, for example blood sugar or the number of thrombo
cytes or cancer cells (Riener 2011). Thanks to such treatments,
patients can be divided into subgroups leading to more precise
diagnoses, therapies and follow-up treatments.
According to the German working paper Individualised
Medicine and Health Care Systems (Hüsing et al. 2008) five
different concepts can be identified within individualised
medicine: ‘biomarker-based stratification (group formation);
genome-based information about health-related characteris
tics; identification of individual risks of incurring disease; dif
ferential interventions; and unique therapeutic measures’.

66.2.2 Challenges
The challenges and potentials related to personalised medicine
are tremendous. They have been extensively analysed in several
studies, in personal expertise (Rippe et al. 2004; Hüsing et al.
2008) and in symposiums.17 The following focuses on some of
the essential areas.

Doctor–patient relationship
First of all, challenges emerge in the doctor–patient relation
ship. Personalised medicine will generate a considerable increase
of knowledge and will require fundamental changes in existing
directives and standards. Furthermore, medical practitioners
will have to be provided with clinical knowledge through expert
information systems. Patients will need to be competent to
deal with personalised medicine because, if not, ill persons will

16
See Dispatch Swiss Federal Act on Human Genetic Testing (HGTA), 11 Sep
tember 2002, BBl 2002 7361, 7374.
17
For example, the symposium ‘Personalized Genomics/Medicine: Science and
Public Trust’, 14–16 September 2011, Engelberg, Switzerland. See also http://
www.academia-engelberg.ch/konferenz_2011.php5 (last accessed 3 October
2013).

regress to being ‘patronised patients’, becoming test subjects
against their own will. There is a real risk that it might become
obligatory to use these new possibilities in medicine and to pass
results on to third parties – within health care, but also with
regard to employers, health and life insurance companies and
others.

Economic issues
Closely related to this are the economic challenges of person
alised medicine. The principle of cost efficiency in national
health care systems, as well as socioeconomic conditions, may
or may not create problems. Whatever occurs will have a
considerable impact on societal conditions of personalised
medicine.

Research status
It is a big challenge to explore and identify genes and molecular
structures. Such developments make us hope and worry at the
same time, mainly due to the following areas: the performance
and validity of markers, the processing, storage and reliable
handling of data, the readiness of research institutes to collabo
rate, and a paradigm shift from financially attractive, all-in-one
blockbuster medication and diagnosis procedures for large
patient populations towards solutions for stratified groups.

66.2.3 Personalised medicine and the law
Overview
Personalised medicine is also of concern for jurisprudence;
however, it is beyond the scope of this chapter to discuss all the
national and international legal implications and regulations.
The following considerations are therefore limited to the most
crucial points.
Legal issues in personalised medicine mainly refer to two
large thematic fields: the use of personalised medicine before
and during a disease, and use within the context of medical
research. Both fields may partially overlap.
Medical intervention using personalised medicine has to be
applied according to state-of-the-art science and lex artis (Fig.
66.4), and general provisions of medical and health care law are
applicable. However, an individual patient’s treatment can also
be connected to a general research interest. This is, for example,
the case when the safety and effectiveness of new drugs are
evaluated in larger groups of patients in phase III randomised
studies or checked during phase IV studies once the medication
has been launched. In this case, not only general provisions of
medical law apply, but also the legal and ethical provisions
concerning medical products and medical devices.
In contrast, clinical trials with active substances in phase I
and phase II belong to research. According to definition, phase
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Medical treatment
(diagnosis, treatment,
lege artis)

Therapeutic information
concerning medical
treatment

Reduced information
concerning selfdetermination if patient
invokes the right not to
know

Medical treatment
information needed
for a patient's selfdetermination
Figure 66.4 The three overlapping circles of duties concerning medical treatment, therapeutic information and information concerning
self-determination of the patient’s body and the necessary medical measures. However, if the patient does not want to know the whole
truth concerning his or her illness or details of all the steps which are included in the medical treatment, he or she has the right not to
know. This right is not limitless; as a minimum, the patient has to be informed about his or her state of health and the basic necessary
steps of treatment. The so-called therapeutic privilege – that is not fully informing the patient in order to avoid mental harm and to
treat him or her without information and self-determination – cannot be accepted in all situations.

I tests do not normally aim at direct proof of a therapeutic
benefit, but it is the first test of an active substance on human
beings. In phase II studies, active substances are used in patients
who are affected by the target disease.
Additionally, there are situations in medical routine where
therapies are not part of the standard procedure and traditional
methods fail. In personalised medicine, therapies that are (still)
not established might be applied outside clinical trials if the
type and severity of the disease requires such actions. Depend
ing on the national regulations, individual treatment methods
are not always considered to be research in the true sense and,
subsequently, they are not a clinical trial. In this case individual
nations have to point out the applicable provisions for these
therapies, to be aware of existing legal grey areas or weak spots
and perhaps determine the needs for action.

Legal conditions of personalised medicine
Basic principles in therapeutic situations
The use of personalised medicine in the context of normal
diagnostic and therapeutic activities depends on the individual
national situation. If there are no special regulations, personal
ised medicine is subject to general provisions. For example, in
Switzerland and Germany it must be measurable with regard
to manifold provisions that protect a patient’s life and body
from inappropriate interventions (Fellmann 2007; Tag 2011).

Freedom of therapy
In the context of treatment contracts, medical practitioners
have, in general,18 the right to diagnose and treat according to
the methods that they consider the most promising. They are
free to apply methods of personalised medicine. However, they
have to respect current state-of-the-art science and recognised
medical practices. They are obliged to inform the patient if
there are several possible therapies with different impacts and
chances. The mere fact that some of the relevant methods are
not covered by basic insurance is certainly not a justification
for not informing the patient about the alternatives.
If there are several equally suitable therapies with different
risks, the method that best guarantees improvement and has
the least side effects should be chosen. This also applies to
individual therapies within personalised medicine. It does not
violate lex artis per se if a drug is administered under compas
sionate use or off-label use.19 ‘Compassionate use’ stands for the
use of a drug which might be effective, but has not been
approved in patients in life-threatening situations,20 and ‘offlabel use’ stands for drugs which are given to patients outside

18

As for cost reimbursement, there could be special regulations.
See Swiss Federal Court, decision 14 September 2004, BGE 130 V 532, 542 et
seq.; decision 21 September 2005, BGE 131 V 349, 351; and decision 24 April
2008, BGE 134 IV 175 (off-label use).
20
Swiss Federal Court BGer 6B_40/2008/hum, decision 20 June 2008.
19

1218

PART X   THE DOCTOR AND THE LAW

the approved indication.21 However, medical practitioners are
more challenged when it comes to product surveillance or
informing the patient.22

Informed consent
In some countries medical examination and treatment includ
ing body or health interventions for the patient is considered
to be personal injury. In other countries special provisions exist.
However, as a rule, medical intervention is justified by the
explicit informed consent of the patient or his or her repre
sentative. This implies that medical treatment requires the prior
informed consent of the patient as a rule. But there are some
important exemptions: if the patient is not capable of judg
ment, in emergency cases, if the person had lost his or her
capacity (e.g. as a consequence of dementia), or in the case of
minors who are not yet capable of judgment. If so the legal
representatives have to be adequately informed about the
disease pattern, therapy options and consequences.

Genetic testing
In the case of personalised medicine based on molecular con
nections, it has to be highlighted that in some national legisla
tions the consent to genetic testing is subject to special
regulations.23 The Additional Protocol to the Convention on
Human Rights and Biomedicine concerning Genetic Testing
for Health Purposes24 gives some rules too (Box 66.7, Articles
1 and 2).
Accordingly, human genetic testing may only be done if the
person gives permission and non-discrimination is ensured.
Special emphasis is put on self-determination, the right to
know and not to know, non-directive counselling for presymp
tomatic or prenatal genetic testing and tests for family planning
purposes. The additional protocol provides that no one may be
discriminated against on grounds of his or her genetic material.
This guarantee is already enshrined under constitutional law
for some nations. The additional protocol also explicitly regu
lates the right not to know. According to this article, every
person who is capable of judgment has the right to refuse to
receive information about his or her genetic status (Box 66.7,
Article 16).
Thus the right to self-determination does not imply the
obligation to self-determination. If the person concerned is
incapable of judgment, his or her legal representative has to be
21

See Swiss Federal Court, decision 14 September 2004, BGE 130 V 532, 542 et
seq. or dosage decision 21 September 2005, BGE 131 V 349, 351.
22
For more information about dealing with this issue in the German legislation,
see the German Federal Court, decision 27 March 2007, VI ZR 55/05, Ver
sicherungsrecht 2007, 1104, with further references.
23
For example, in Switzerland, the Federal Act on Human Genetic Testing
(HGTA).
24
http://conventions.coe.int/Treaty/Commun/QueVoulezVous.asp?NT=
203&CM=1&CL=ENG (last accessed 3 October 2013); the chart of signatures
and ratifications can be found there.

Box 66.7 Additional Protocol to the Convention on Human
Rights and Biomedicine concerning Genetic Testing for Health
Purposes.
Article 1 – Object and purpose
Parties to this Protocol shall protect the dignity and identity of
all human beings and guarantee everyone, without discrimination, respect for their integrity and other rights and fundamental
freedoms with regard to the tests to which this Protocol applies
in accordance with Article 2.
Article 2 – Scope
1. This Protocol applies to tests, which are carried out for
health purposes, involving analysis of biological samples of
human origin and aiming specifically to identify the genetic
characteristics of a person which are inherited or acquired
during early prenatal development (hereinafter referred to
as ‘genetic tests’).
2. This Protocol does not apply:
a. to genetic tests carried out on the human embryo or
fetus;
b. to genetic tests carried out for research purposes. [. . .]
Article 13 – Tests on persons not able to consent
Exceptionally, and by derogation from the provisions of Article
6, paragraph 1, of the Convention on Human Rights and Biomedicine and of Article 10 of this Protocol, the law may allow a genetic
test to be carried out, for the benefit of family members, on a
person who does not have the capacity to consent, if the following conditions are met:
a. the purpose of the test is to allow the family member(s)
concerned to obtain a preventive, diagnostic or therapeutic
benefit that has been independently evaluated as important
for their health, or to allow them to make an informed choice
with respect to procreation;
b. the benefit envisaged cannot be obtained without carrying
out this test;
c. the risk and burden of the intervention are minimal for the
person who is undergoing the test;
d. the expected benefit has been independently evaluated as
substantially outweighing the risk for private life that may
arise from the collection, processing or communication of
the results of the test;
e. the authorization of the representative of the person not
able to consent, or an authority or a person or body provided
for by law has been given;
f. the person not able to consent shall, in proportion to his or
her capacity to understand and degree of maturity, take part
in the authorization procedure. The test shall not be carried
out if this person objects to it.
Article 16 – Respect for private life and right to information
1. Everyone has the right to respect for his or her private life,
in particular to protection of his or her personal data derived
from a genetic test.
2. Everyone undergoing a genetic test is entitled to know any
information collected about his or her health derived from
this test. The conclusions drawn from the test shall be accessible to the person concerned in a comprehensible form.
3. The wish of a person not to be informed shall be respected.
4. In exceptional cases, restrictions may be placed by law on
the exercise of the rights contained in paragraphs 2 and 3
above in the interests of the person concerned.
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informed, who then has to decide while involving the patient
to the highest possible extent. Appropriate prior information
should be provided to the person not able to consent in respect
of whom the test is envisaged, to the extent of his or her capac
ity to understand. Under narrow boundaries the additional
protocol allows a genetic test to be carried out, for the benefit
of family members, on a person who does not have the capacity
to consent (Box 66.7, Article 13).
Article 14 of the additional protocol states the requirements
of using biological materials previously removed for another
purpose when it is not possible, with reasonable efforts, to
contact a person for a genetic test for the benefit of his or her
family members. In this case the national ‘law may allow the
test to be carried out in accordance with the principle of pro
portionality, where the expected benefit cannot be otherwise
obtained and where the test cannot be deferred’.

Professional secrecy
Genetic data available to a limited number of people are also
protected by national regulations from possible disclosure by
medical practitioners. The general provisions also apply to per
sonalised medicine. In some national legal systems the use of
medical information for research purposes in the fields of med
icine or health care is protected by the criminal law, for example
Article 321bis of the SCC. Paragraph 2 provides for a special
defence for the use and disclosure of such information. The
anonymous use of data, on the basis of which no conclusions
may be drawn as to the identity of the patient, is already deemed
to not constitute an offence. The non-anonymous use of data
is also permitted if the person concerned has not objected
having been informed of his or her rights and an expert com
mission for professional confidentiality in medical research has
also granted its approval with regard to the use of the data
(Oberholzer 2013). In order to conform to the personal rights
guaranteed by the Swiss constitution and with the interests in
authorising the use of such data, the Federal Act on Research
Involving Humans provides for a modified consent solution. It
will enter into force in 2014.25

Data protection
Genetic data are also subject to European regulations (Box
66.8) and national acts of data protection.26
Data on health or intimate spheres are normally regarded as
highly sensitive. For example, personal data may only be pro
cessed lawfully and the processing must be proportionate and
evident to the data subject. Additionally, consent must be given
explicitly in the case of processing sensitive personal data or
personality profiles.
25

http://www.bag.admin.ch/themen/medizin/00701/00702/07558/index.
html?lang=de (last accessed 3 October 2013).
26
For more information see http://ec.europa.eu/justice/data-protection/law/
index_en.htm (last accessed 3 October 2013).
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Box 66.8 European regulations regarding data protection.
Article 8 of the Charter of Fundamental Rights of the
European Union: Protection of personal data
1. Everyone has the right to the protection of personal data
concerning him or her.
2. Such data must be processed fairly for specified purposes
and on the basis of the consent of the person concerned or
some other legitimate basis laid down by law. Everyone has
the right of access to data which has been collected concerning him or her, and the right to have it rectified.
3. Compliance with these rules shall be subject to control by
an independent authority.
Article 8 of Directive 95/46/EC of the European Parliament
and of the Council of 24 October 1995 on the protection of
individuals with regard to the processing of personal data and
on the free movement of such data:a The processing of
special categories of data
1. Member States shall prohibit the processing of personal data
revealing racial or ethnic origin, political opinions, religious
or philosophical beliefs, trade-union membership, and the
processing of data concerning health or sex life.
2. Paragraph 1 shall not apply where:
(a) the data subject has given his explicit consent to the
processing of those data, except where the laws of the
Member State provide that the prohibition referred to
in paragraph 1 may not be lifted by the data subject’s
giving his consent; or
(b) processing is necessary for the purposes of carrying
out the obligations and specific rights of the controller
in the field of employment law in so far as it is authorized by national law providing for adequate safeguards;
or
(c) processing is necessary to protect the vital interests of
the data subject or of another person where the data
subject is physically or legally incapable of giving his
consent; or
(d) processing is carried out in the course of its legitimate
activities with appropriate guarantees by a foundation,
association or any other non-profit-seeking body with a
political, philosophical, religious or trade-union aim and
on condition that the processing relates solely to the
members of the body or to persons who have regular
contact with it in connection with its purposes and that
the data are not disclosed to a third party without the
consent of the data subjects; or
(e) the processing relates to data which are manifestly
made public by the data subject or is necessary for the
establishment, exercise or defence of legal claims.
3. Paragraph 1 shall not apply where processing of the data
is required for the purposes of preventive medicine, med
ical diagnosis, the provision of care or treatment or the
management of health-care services, and where those
data are processed by a health professional subject under
national law or rules established by national competent
bodies to the obligation of professional secrecy or by
another person also subject to an equivalent obligation of
secrecy.
[. . .]
a

Journal of the European Communities L 281/31.
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Health insurance law
The doctor–patient relationship is still mainly regulated by the
provisions of national health insurance laws. Some of the
national acts on health insurance27 are based on the principle
of compulsory membership and solidarity (Swiss Medical
Board 2009). For example, all persons domiciled in Switzerland
must be insured for sickness (Federal Act on Health Insurance
(KVG), Article 3). Insurance companies are obliged to accept
contracts with every eligible person in their area of activity
(KVG, Article 4). This means that eligible persons have to be
offered a contract for mandatory Swiss health insurance, regard
less of their personal health situation and disease risks. Insur
ance companies are not allowed to ask for disclosure of results
from prior presymptomatic or prenatal genetic testing and tests
for family planning purposes (Swiss Federal Act on Human
Genetic Testing (HGTA), Article 27, paragraph 1). The compa
nies determine the amount of insurance fees consistently and
independently from individual disease risks (KVG, Article 61).28
Mandatory Swiss health insurance pays the costs for diag
noses and treatment of diseases, including their consequences
and those of preventative health check-ups. The services will
only be provided if they are effective, appropriate and economi
cal in the sense of KVG, Article 32. Comparable standards exist
in some European countries although they differ in the details.
In the opinion of the majority, a medical service is consid
ered to be effective if it has – objectively speaking – the intended
diagnostic, therapeutic and care benefits.29 Effectiveness has to
be proved according to scientific methods. This is the case if a
specific treatment ‘is considered to be appropriate by a broad
group of researchers and practitioners of the medical science’.30
Usually, scientific (long-term) studies written according to
international standards are the basis for evaluation. A retro
spective judgment on one single case is not enough to assess
effectiveness. The guidelines normally also apply for (niche)
products. Although, there are no long-term studies required for
them, they normally have to be largely considered to be appro
priate in the medical scientific area and be effective in terms of
national regulations on health insurance.31
If there are several effective treatment possibilities, their
appropriateness will be taken into account to decide on cost
coverage (Eugster 2006). It is necessary to evaluate diagnostic

and therapeutic benefit in each case and the risks related
thereto.32 If the treatments are equivalent, the more cost effi
cient treatment should be chosen (Eugster 2009).
The principle of cost efficiency requires service providers to
reduce the services to an extent which is in the interest of the
insurance policy holder and necessary for the purpose of the
treatment. Due to this, depending on the national regulations,
insurers are obliged to carry out cost efficiency tests among
medical practitioners and only pay for services in accordance
with the law (Eugster 2009). Whether doctors fulfill the require
ment of cost efficiency can be checked with statistical methods
(Poledna 2009). This regulation not only ensures financing of
the national health insurance, but also limits doctors in choos
ing therapies.33 Examples can be found in the recommenda
tions of the National Health Service (NHS) and the National
Institute for Health and Care Excellence (NICE) in the UK;34
the recommendations of the German Institute for Quality and
Efficiency in Health Care (IQWiG)35 and the recommendations
of the Swiss Medical Board.36
The criteria of effectiveness, appropriateness and cost effi
ciency are of great relevance in the social insurance regulations
of several countries. For this reason in some countries medical
boards and comparable service units have been established to
protect health care consumers and the health care systems
through evaluations of the effectiveness, appropriateness and
cost efficiency of medical treatment. NICE, for example, is an
independent organisation responsible for providing national
guidance on promoting good health and preventing and treat
ing ill health in the UK.37 In Germany, IQWiG is an independ
ent scientific institute that investigates the benefits and harms
of medical interventions for patients. They regularly provide
information about the potential advantages and disadvantages
of different diagnostic and therapeutic interventions.38
To evaluate the criteria of effectiveness, appropriateness and
cost efficiency in medicine will be a special challenge for per
sonalised medicine. As services are adjusted to the findings in
stratified patient groups or specific individual situations, tradi
tional diagnosis and indication protocols might not always be
meaningful enough. The way efficiency is evaluated might have
to change in the future. It might follow the model of how niche
products such as orphan drugs are evaluated and dealt with.39
Whether personalised medical services are covered by addi
tional insurance plans mainly depends on the risk evaluation
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In Switzerland the Federal Act on Health Insurance (KVG), SR 832.10; in
Germany the Code of Social Law, Vol. V.
28
Supplementary insurance plans – in addition to mandatory health and acci
dent insurance – are subject to private law, even though they are carried out by
insurance companies. In contrast to the mandatory health insurance, insurers
fix the insurance fees according to individual risks.
29
Effectiveness stands for the causal relationship between cause (medical
measure) and effect (medical success) whereas a general suitability is enough
to fulfill the objective (Swiss Federal Court, decision 11 December 2006, BGE
133 V 115, 117; Eugster 2006; Swiss Federal Office of Public Health (FOPH)
Working Paper 2011).
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Swiss Federal Court, decision 11 December 2006, BGE 133 V 115, 117.
31
Concerning the Swiss mandatory health insurance, see the Swiss Federal
Court, decision 11 December 2006, BGE 133 V 115, 119.
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Swiss Federal Court, decision 25 June 2001, BGE 127 V 138, 147.
Swiss Federal Court, decision 23 November 2010, BGE 136 V 395 (Myozyme).
34
http://www.nice.org.uk/ (last accessed 3 October 2013).
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http://www.iqwig.de/index.2.en.html (last accessed 3 October 2013).
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http://www.medical-board.ch/index.php?id=818 (last accessed 3 October
2013).
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For further information see http://www.nice.org.uk/ (last accessed 3 October
2013).
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http://www.iqwig.de/index.2.en.html (last accessed 3 October 2013).
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Rarity of diseases and thus more complicated clinical trials are taken into
account when evaluating the requirements for the scientific documentation in
the approval process.
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when the contract is signed, and the corresponding scope of
services. People with higher genetic risks might be rejected.
They will still have a basic health insurance; but the criteria of
effectiveness, appropriateness and cost efficiency will be applied
in order to protect the community – based on the principle of
mutual solidarity – from being overloaded. Due to this, person
alised medicine might be able to provide therapies for deter
mined diseases, but since these therapies cannot be covered by
the insurance due to the high prices, patients might not receive
the treatments. All the stakeholders will have to work together
in order to find a solution to this challenge.

Research
Since many areas of personalised medicine are currently being
explored, existing provisions for research are applicable.40 In
Europe a huge range of provisions regulate human research. It
is beyond the scope of this chapter to explain or describe all of
them. The following is an attempt to highlight some important
points. Medical research on human beings is essential for estab
lishing the causes of diseases and developing new therapies. For
example, new medications and treatment methods have to be
tested for potency, tolerability and safety before they can be
used in everyday medicine.
There is no comprehensive and systematic regulation for
medical research on human beings: the legal framework is frag
mented, unstructured and sometimes contradictory. Legal poli
cies regarding research on humans are often confusing. Existing
national regulations are often scattered over a variety of laws.
These circumstances are made more complex by the fact that
findings from medical research on human beings are made
both nationally and internationally, are analysed and – some
times in isolation, sometimes as bundled information – incor
porated into in an overall context and evaluated. That this leads
to a confluence of various moral concepts and ideals entails
both opportunities and risks. In addition to new insights and
significant synergy effects of linking data, a certain potential for
conflict and the fear of known and unknown dangers must not
be ignored. The requirements for a legal framework in the field
of research on human beings have long been satisfied by
so-called alternative norms or soft law. Examples are the
Nuremberg Code of 1947, the Helsinki Declaration of the
World Medical Association of 1964 (including its amend
ments), the recommendations issued by the Council of Europe
and the World Health Organization, the UNESCO Declarations
on the Human Genome of 1997, on the Protection of Genetic
Data of 2003 and on Bioethics and Human Rights of 2005, the
ICH (International Conference on Harmonisation of Technical
Requirements for Registration of Pharmaceuticals for Human
Use) guidelines on good clinical practice, the guidelines of the
Organisation for European Economic Co-operation and Devel
opment (OECD) on Human Biobanks and Genetic Research
Databases, and the Charter for Researchers issued by the Euro
pean Commission.
40

They can currently be found in the Law on Therapeutic Products, in the Stem
Cell Research Act and the Law on Transplants in Germany and Switzerland.
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The Convention on Human Rights and Biomedicine and the
Additional Protocol on Biomedical Research governs a lot of
detailed requirements for human research. Both the convention
and the protocol contain provisions for research on human
beings. Some principles of the convention have been adopted
into the national legal systems; however, some countries lag
behind the provisions of international law.
The need to improve national requirements arises primarily
from constitutional law requirements on fundamental rights:
the freedom of science, the freedom of expression, the funda
mental rights of the test persons involved in research, the right
to life, the prohibition of inhuman and degrading treatment,
and the protection of private and family life.

Convention for the Protection of Human Rights
and Fundamental Freedoms
An abridged version of the Convention for the Protection of
Human Rights and Fundamental Freedoms is given in Box 66.9.
Box 66.9 Convention for the Protection of Human Rights and
Fundamental Freedoms.
Article 2: Right to life
1. Everyone’s right to life shall be protected by law. No one
shall be deprived of his life intentionally save in the execution of a sentence of a court following his conviction of a
crime for which this penalty is provided by law.
2. Deprivation of life shall not be regarded as inflicted in contravention of this article when it results from the use of force
which is no more than absolutely necessary:
a. in defence of any person from unlawful violence;
b. in order to effect a lawful arrest or to prevent the escape
of a person lawfully detained;
c. in action lawfully taken for the purpose of quelling a riot
or insurrection.
Article 3: Prohibition of torture
No one shall be subjected to torture or to inhuman or degrading
treatment or punishment.
Article 8: Right to respect for private and family life
1. Everyone has the right to respect for his private and family
life, his home and his correspondence.
2. There shall be no interference by a public authority with the
exercise of this right except such as is in accordance with
the law and is necessary in a democratic society in the interests of national security, public safety or the economic wellbeing of the country, for the prevention of disorder or crime,
for the protection of health or morals, or for the protection
of the rights and freedoms of others.
Article 9: Freedom of thought, conscience and religion
1. Everyone has the right to freedom of thought, conscience
and religion; [. . .]
Article 14: Prohibition of discrimination
The enjoyment of the rights and freedoms set forth in this Convention shall be secured without discrimination on any ground
such as sex, race, colour, language, religion, political or other
opinion, national or social origin, association with a national
minority, property, birth or other status.
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Convention on Human Rights and Biomedicine
The Convention on Human Rights and Biomedicine regulates
the basic principles for medical research on human beings. In
order to protect humans participating in clinical trials for ther
apeutic products, and to ensure the quality of clinical trials, the
Convention on Human Rights and Biomedicine has special
guidelines (Box 66.10).
According to these guidelines, trial subjects have to be
informed about the nature and purpose of the trial, all of the
processes and investigations connected with the trial, the exist
ence of other treatments, the anticipated risks, discomforts and
benefits, their right to compensation in the case of harm attrib
utable to the trial, and their right to withdraw their consent at
any time without impairment to their therapeutic care.41 Trial
subjects must explicitly give their free consent in writing.
Additionally, according to national requirements, ethics
committees have to endorse the trial.42 Higher requirements are
applicable for people who need special protection, such as
persons incapable of judgment or emergency patients.

Human research in Switzerland
Federal Act on Research Involving Humans Based on the
amended article of the constitution, Article 118b, the Swiss
Council of States adopted the Federal Act on Research Involv
ing Humans on 30 September 2011 (Box 66.11). It will enter
into force on 1 January 2014.43 The Swiss Federal Act on
Research Involving Humans will be generally binding for health
research on human beings.44 It will establish generally valid
requirements for all research projects regarding humans.45
Research in the context of personalised medicine will be
based on the provisions provided by the Federal Act on Research
Involving Humans. The following basic principles will be
applied: preference of persons’ interests over interests of science

41

The law does not make a distinction between healthy, volunteer test subjects
and patients who might benefit due to participation because participating in a
clinical trial is always linked to uncertainty (Dispatch Federal Act on Therapeu
tics Products, 1 March 1999, BBl 1999 3453, 3534 et seq.).
42
For example, see Article 54 of the Swiss Federal Act on Therapeutic
Products.
43
http://www.bag.admin.ch/themen/medizin/00701/00702/07558/
(last
accessed 3 October 2013).
44
At the time when this chapter was written, international and European guide
lines, namely the Convention on Human Rights and Biomedicine, were taken
into account.
45
In contrast, the Act on Therapeutic Products will only establish specific provi
sions for the therapeutic product sector (Federal Act on Therapeutic Products,
Commentarial Report concerning the Prod-Draft to the Dispatch, February
2006, p. 126). See amendment to Article 53 et seq. of the Federal Act on Thera
peutic Products, annex to the Federal Act on Research Involving Humans of 30
September 2011. Article 53 of the Federal Act on Therapeutic Products will be
as follows: ‘For clinical trials with medical products on humans, the Federal Act
on Research Involving Humans of 30 September 2011 will be applicable in
addition to the provisions provided by this law.’

Box 66.10 Convention on Human Rights and Biomedicine.
Article 15: General rule
Scientific research in the field of biology and medicine shall be
carried out freely, subject to the provisions of this Convention
and the other legal provisions ensuring the protection of the
human being.
Article 16: Protection of persons undergoing research
Research on a person may only be undertaken if all the following
conditions are met:
i.
there is no alternative of comparable effectiveness to
research on humans;
ii. the risks which may be incurred by that person are not
disproportionate to the potential benefits of the research;
iii. the research project has been approved by the competent
body after independent examination of its scientific merit,
including assessment of the importance of the aim of the
research, and multidisciplinary review of its ethical
acceptability;
iv. the persons undergoing research have been informed of
their rights and the safeguards prescribed by law for their
protection;
v. the necessary consent as provided for under Article 5 has
been given expressly, specifically and is documented. Such
consent may be freely withdrawn at any time.
Article 17: Protection of persons not able to consent to
research
1. Research on a person without the capacity to consent as
stipulated in Article 5 may be undertaken only if all the following conditions are met:
i.
the conditions laid down in Article 16, sub-paragraphs i
to iv, are fulfilled;
ii. the results of the research have the potential to produce
real and direct benefit to his or her health;
iii. research of comparable effectiveness cannot be carried
out on individuals capable of giving consent;
iv. the necessary authorization provided for under Article
6 has been given specifically and in writing;
v. and the person concerned does not object.
2. Exceptionally and under the protective conditions prescribed
by law, where the research has not the potential to produce
results of direct benefit to the health of the person concerned, such research may be authorized subject to the
conditions laid down in paragraph 1, sub-paragraphs i, iii, iv
and v above, and to the following additional conditions:
i.
the research has the aim of contributing, through significant improvement in the scientific understanding of
the individual’s condition, disease or disorder, to the
ultimate attainment of results capable of conferring
benefit to the person concerned or to other persons in
the same age category or afflicted with the same
disease or disorder or having the same condition;
ii. the research entails only minimal risk and minimal
burden for the individual concerned.
Article 18: Research on embryos in vitro
i.
Where the law allows research on embryos in vitro, it shall
ensure adequate protection of the embryo.
ii. The creation of human embryos for research purposes is
prohibited.
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Box 66.11 Article 118b of the Swiss Constitution: Research on
human beings.a
1.

The Confederation shall legislate on research on human
beings where this is required in order to protect their dignity
and privacy. In doing so, it shall preserve the freedom to
conduct research and shall take account of the importance
of research to health and society.
2. The Confederation shall adhere to the following principles in
relation to biological and medical research involving human
beings:
a. It shall be a requirement for any research project that
the participants or their legal representatives have given
their informed consent. The law may provide for exceptions. A refusal is binding in every case.
b. The risks and stress for the participants must not be
disproportionate to the benefits of the research project.
c. A research project involving persons lacking the capacity to consent may be conducted only if findings of equal
value cannot be obtained from research involving
persons who have the capacity to consent. If the research
project is not expected to bring any immediate benefit
to the persons lacking the capacity to consent, the risks
and stress must be minimal.
d. An independent assessment of the research project
must have determined that the safety of the participants
is guaranteed.
a

Adopted by popular vote on 7 March 2010 and in force since 7 March
2010 (Swiss Federal Decree of 25 September 2009; Swiss Federal Council
Decree of 15 April 2010, AS 2010 1569; BBl 2007 6713, 2009 6649, 2010
2625).

and society, non-discrimination, consent, information and
right to refuse to receive information, prohibition of commer
cialisation of the body and its parts, and fulfilment of scientific
requirements. In addition to the provisions regarding the pro
tection of trial subjects, a research authorisation by the ethics
committee is necessary (Article 45 of the Federal Act on
Research Involving Humans).
General considerations The principle of subsidiarity of
research on humans is applicable for research on people in
general and on highly vulnerable persons. Participation in a
research project with expected direct benefits has to be free of
charge, while research which is of benefit to outsiders may be
paid for adequately. It is permitted to make biological material
and health-related data anonymous if they may result in infor
mation that might be of relevance for the participants regarding
severe diseases.
The Federal Act on Research Involving Humans explicitly
regulates consent and information of the participants. Nowa
days, the participant needs to have enough time before giving
his or her consent. The affected persons have to give their
consent before the extraction of biological material or the col
lection of health-related personal data if it is intended for
research purposes. The law also allows for the possibility of
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partial information. Participants shall only be informed par
tially, if – due to methodological reasons – it is not possible to
completely inform the participant and if the research only
bears minimal risks and impacts. Trial subjects have to be
fully informed afterwards.
Highly vulnerable people The legislator developed a differen
tiated system regarding research on highly vulnerable people.
The Federal Act on Research Involving Humans makes a dis
tinction between children under the age of 14 years, teenagers
between 14 and 18 years, persons who are incapable of judg
ment, pregnant women, emergency patients and prisoners.
Additionally, a distinction is drawn between research with an
expected direct use and research with benefits for outsiders. The
legislator established several requirements for research –
depending on the groups and the purpose. The corresponding
parameters are: informed consent of the affected person or his
or her representative, right of veto of the person who is incapa
ble of judgment, and the risks and impacts related to the
research as well as the possible benefits for patients with the
same disease. Details can be found in Article 21 et seq. of
the Federal Act on Research Involving Humans.
Handling data and biological material Handling data and
samples gathered during research activities depends on whether
it is genetic data or biological material. The affected person has
to be informed and give his or her consent for open and encoded
use. If it is used in an anonymous way, the person has to be
informed previously and there must not be any objection.
Missing consents regarding genetic and non-genetic per
sonal data and biological material can be replaced if it is not
possible or is disproportionately difficult to comply with the
normal collaboration requirements or if the affected persons
cannot be exposed to them. There may not be any documented
refusal and the interest of research must prevail over the interest
of the affected person when exercising the right to selfdetermination. The decision about whether the requirements
are fulfilled in a specific case is always up to the responsible
ethics committee.46
Preserving biological material and health-related personal
data for research and the subsequent establishment of biobanks
will be regulated in detail by a blanket law, Article 43 of the
Federal Act on Research Involving Humans. The Federal
Council will clarify the requirements that must be fulfilled.
With the Federal Act on Research Involving Humans, any
breach of research secrets will be subject to a new regulation in
Article 321bis of the SCC. Unauthorised disclosure of the profes
sional secret as it applies to researchers according to the Federal
Act on Research Involving Humans will be punished according
to the regulation of the professional secret.47
46

See Dispatch, Swiss Federal Act on Research Involving Humans, 21 October
2009, BBl 2009 8045, 8124.
47
See Dispatch, Swiss Federal Act on Research Involving Humans, 21 October
2009, BBl 2009 8045, 8148.
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Conclusion
To conclude, general medical and public health law as well as
the Swiss Federal Act on Research Involving Humans (2014) all
provide personalised medicine with a partly solid, partly frag
mentary legal basis. There are many obstacles to accessing
patients or trial subjects and their health-related and genetic
data. Regulations aim to prevent such data from becoming
mere commodities.

66.3 Assisted suicide and organised
medically assisted suicide
Death is part of life and its biological limitations. With advanc
ing mechanisation and medicalisation of dying, many people
have become afraid of no longer being in control of the medical
treatment at the end of their life. The choice of putting an end
to one’s life would appear to be an alternative way out (Tag
2012). In fact, the realisation of such a major decision often fails
due to circumstances that require major effort as well as mental
strength. Nowadays, however, in some countries of the world,
it is possible to relatively easily obtain drugs with a lethal effect.
In Switzerland, for instance, private organisations offer profes
sionally assisted suicide. Exit, the best known of these organisa
tions for medically assisted suicide for official Swiss residents,48
accounts for approximately 65 000 members (according to
Exit’s own statistics). Dignitas offers the opportunity of assisted
suicide for foreigners in Switzerland.49 Assisted suicide is also
legal in the American states of Oregon, Washington and
Montana. But there the practice is restricted to people with
incurable diseases, requiring broad medical testing and consul
tation with physicians. It also requires that candidates be per
manent residents of that particular state. In the Netherlands,
Belgium and Luxembourg, the opportunity of medically
assisted suicide has even been extended to euthanasia.50 This
entails strictly regulated procedures. In other European coun
tries, organisations offering medically assisted suicide are not
yet widespread, which does not mean, however, that it is not
possible. An increasing number of foreigners travel to Switzer
land to make use of the assisted suicide service offered by these

48

http://www.exit.ch/ (last accessed 3 October 2013); members can only be
Swiss or non-Swiss with residence in Switzerland, cf. Article 3 of the statutes.
49
http://www.dignitas.ch (last accessed 3 October 2013).
50
Termination of Life on Request and Assisted Suicide (Review Procedures) Act,
http://www.government.nl/issues/euthanasia/euthanasia-assisted-suicide-andnon-resuscitation-on-request (last accessed 3 October 2013); cf. Loi relative à
l′euthanasie, 28 May 2002; Loi relative aux soins palliatifs, 14 June 2002; Loi
relative aux droits du patient, 22 August 2002; Législation règlementant les
soins palliatifs ainsi que l’euthanasie et l′assistance au suicide, 16 March 2009,
http://www.legilux.public.lu/leg/a/archives/2009/0046/a046.pdf#page=7 (last
accessed 3 October 2013).

organisations, which could be prohibited in their own coun
tries. This development is called ‘suicide tourism’.
The gradual establishment of organisations for medically
assisted suicide did not arise ad hoc. Its roots date back to the
middle of the 1980s when the German physician Julius Hack
ethal became involved with medically assisted suicide (Hirsch
1987; Roxin 1984) and campaigned for it to be allowed. On one
occasion he placed potassium cyanide at the disposal of a
woman who had fallen seriously ill with a facial cancer. She took
it and died. Although a criminal investigation was initiated
against Hackethal, he was not convicted. This was because the
woman had taken the drug with her own hands in a selfdependent way and therefore had control over the act of her
suicide. In Switzerland the associations for medically assisted
suicide, Exit–Deutsche Schweiz and Exit–ADMC Suisse
romande, were founded in 1982, followed by Dignitas in 1998
and the German branch Dignitate in 2005. In the year 1997
Exit–International was founded in Australia (for more details
see Venetz 2008).
The activities of Dignitate gave rise to some harsh criticism
in Germany which caused the German Federal States of Hessen,
Saarland and Thuringia to draft a law prohibiting any business
organisation offering opportunities of assisted suicide. However,
in Switzerland the debate still persists as to whether organisa
tions for medically assisted suicide should be state controlled.
By 2005, the Swiss National Advisory Commission on Biomedi
cal Ethics (NEK-CNE) had demanded effective governmental
control, although the report Euthanasia and Palliative Care –
does the Confederation need to act? (Federal Department of
Justice and Police 2006) questioned if the Swiss parliament
should not pursue a revision of the provisions of the SCC – the
answer was no. When Dignitas moved from using deadly
sodium–pentobarbital (SP), only available on prescription, to
the generally accessible helium method, the legislative need for
action was reviewed again. The helium method entails slipping
a plastic bag over the suicide’s head, which is then filled up with
helium; this is lethal as inhaling helium leads to death by
asphyxia. Given that this method does not entail administering
drugs, the prescription obligations of using SP were circum
navigated. In 2009, the Federal Council presented two draft bills
for consultation to the Swiss parliament.51 Both bills aimed to
introduce specific laws on organised assisted suicide: (i) the
determination in the SCC of the strict duty of care for employ
ees of assisted suicide organisations; and (ii) a complete ban on
organised assisted suicide per se. The proposals elaborated by
the Federal Office of Justice, which would have reformed the
existing criminal offence (Article 115 of the SCC, inciting and
assisting suicide), were criticised strongly by the majority of the
Swiss population.52 As a result the reform of Article 115 of the
SCC was stopped in the summer of 2011. The Swiss Federal
51

http://www.bj.admin.ch/content/dam/data/gesellschaft/gesetzgebung/
sterbehilfe/entw-d.pdf (last accessed 3 October 2013).
52
http://www.ejpd.admin.ch/content/ejpd/de/home/themen/gesellschaft/ref_
gesetzgebung/ref_abgeschlossene_projekte0/ref_sterbehilfe.html (last accessed
3 October 2013).
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Council, however, decided to continue promoting suicide pre
vention and palliative care to reduce the number of suicides.

66.3.1 Diversity of terms
Basics
This short introduction has shown that discussions about med
ically assisted suicide involve a lot of terms. For example, active
medically assisted suicide, so-called euthanasia, passive medi
cally assisted suicide, indirect medically assisted suicide, direct
medically assisted suicide, homicide at the request of the future
deceased, aiding and abetting leading to suicide, organised
medically assisted suicide, palliative medical treatment and
care, and so on. This diversity in terms and content has legal
consequences because justice and injustice, criminal liability
and impunity are often very close entwined. The average lay
person can barely understand the juristic finesses.53 Therefore,
the terms need to be explained briefly.

Phase leading up to biological death
In the medically assisted suicide two periods of time are gener
ally distinguished: the one leading to biological death and the
one concerning the time before that. If death has not yet
occurred but the course of the terminal disease has already
passed the irreversible threshold of dying, the physician is
neither entitled nor obligated to maintain the extinguishing life.
His obligation to the patient consists of analgesia and facilitat
ing a dignified death. Assistance in the dying phase is regarded
as aiding the process of dying.
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ent request of the future deceased), in several countries this
offence carries a milder range of punishment than ‘normal’
intentional homicide.
Criminal prohibition of homicide is applicable to every
body – to the treating physicians, to the nurses, caregivers in
general, to the relatives and to the employees of an organisation
for medically assisted suicide. However, as already mentioned,
under special restrictions active medically assisted suicide is
allowed in the Netherlands, Belgium and Luxembourg.

Indirect active euthanasia
Indirect active euthanasia describes the use of means to relieve
suffering which may have side effects that may shorten life (e.g.
when soothing drugs like morphine are being administered).
The possibility that death might occur earlier than it would
otherwise have done is taken into account. Whether it is pos
sible in modern palliative medicine to dose so accurately that
death is not hastened, is under debate. Until now the legal
practice in many European countries assumed impunity con
cerning indirect active euthanasia, but this is now being actively
discussed.

Passive euthanasia

If the stage of inevitable death has not been reached, then there
are many litigious issues. In Switzerland, Germany and many
other European countries, but not in the Low Countries, there
is an explicit prohibition of active homicide, including direct
active euthanasia – a deliberate killing in order to end the suf
fering of another person (Tag 2011). This is the directed or at
least knowing administration of a deadly drug or the applica
tion of another method leading to death, in the sense of a
homicide. It can take place with or without the explicit request
of the patient. In individual cases, direct active euthanasia is
forbidden if no special regulations exist. In most countries this
form of euthanasia is punishable as murder, mercy killing on
request or manslaughter. If it is carried out with honourable
motives (e.g. out of sympathy or based on a serious and insist

Passive aid to the dying (e.g. through rejecting or discontinuing
life-prolonging measures) is considered predominantly as an
omission of medical aid which results in the occurrence of
death. It is not governed by any specific statutory provisions
and is not treated as a criminal offence provided certain condi
tions are fulfilled.
The German Federal Court of Justice decided in 2010 that
in the case of passive euthanasia it does not matter if an action
or an omission is assumed.54 All actions which are related to a
medical treatment should be summarised in normative/
evaluative terms at the termination of treatment. This must
embrace both the objective elements of action and the subjec
tive goal setting of the doer to abort (an) already begun medical
treatment measure(s) according to the will of the patient or to
reduce its/their scope according to the will of the patient or his
or her custodian. (In the latter case, an existent patient’s provi
sion, the so-called advanced directive, has to be considered.)
Therewith the distinction between an active and a passive
action based on formal criteria has been mainly dismissed. As
a result new criteria have been established and the terms ‘medi
cally assisted suicide’ and ‘termination of treatment’ are used.
Medically assisted suicide through omission of treatment, limi
tation of treatment or termination of treatment assumes,
according to the German Federal Court of Justice, that the
affected person is life-threateningly diseased and that the con
cerned measure is medically adequate for the preservation or
prolongation of life. In this case a justification of medically

53

54

Previous phase
Active medically assisted suicide, known as
euthanasia

The German Ethics Council in 2006 proposed, therefore, to untangle the
terms.

German Federal Court of Justice, decision 25 June 2010, 2 StR 454/09, Neue
Juristische Wochenschrift (NJW) 2010, pp. 2963 ff.
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Box 66.12 The European Convention for the Protection of
Human Rights and Fundamental Freedoms.
Article 8: Right to respect for private and family life
1. Everyone has the right to respect for his private and family
life, his home and his correspondence.
2. There shall be no interference by a public authority with the
exercise of this right except such as is in accordance with
the law and is necessary in a democratic society in the interests of national security, public safety or the economic wellbeing of the country, for the prevention of disorder or crime,
for the protection of health or morals, or for the protection
of the rights and freedoms of others.
Article 9: Freedom of thought, conscience and religion
1. Everyone has the right to freedom of thought, conscience
and religion; this right includes freedom to change his religion or belief and freedom, either alone or in community with
others and in public or private, to manifest his religion or
belief, in worship, teaching, practice and observance.
2. Freedom to manifest one’s religion or beliefs shall be subject
only to such limitations as are prescribed by law and are
necessary in a democratic society in the interests of public
safety, for the protection of public order, health or morals,
or for the protection of the rights and freedoms of others.

assisted suicide is possible through consent, implicit consent or
an advanced directive. Intentional life-determining actions
which are taken beyond coherence with medical treatment of a
disease cannot be justified through these requirements.
This appraisal has to be endorsed as it lies within the judi
cious patient’s powers to determine which treatment he or she
wants and which one they want to refuse. Even though his or
her will is weighted differently in different countries, it is fre
quently agreed that the freedom to disease, the right to die in
decent conditions and the right to one’s own death are pro
tected by the rights to liberty and the respect for individual
rights enshrined in the European Convention for the Protection
of Human Rights and Fundamental Freedoms (Box 66.12).
If national laws do not make the right to suicide a punishable
offence, then the patient has the right to decide on the method
and time of the termination of his or her own life. This applies
to a person who is capable of exercising his or her will freely
and to act accordingly. If he or she rejects a lengthening of life,
then the medical obligation changes from the lengthening of
live to end-of-life care. If this involves continuing life support
measures against the patient’s will, then in many countries this
arbitrary intervention is an assault, for example in Germany
and Switzerland. In Austria, a criminal offence of arbitrary
therapeutic treatment is possible. In France, there are regula
tions concerning the rights of the sick at the end of their life;
termination of medical treatment at the request of a patient is
then not subject to punishment when he or she is in an advanced
or terminal phase of a serious and incurable disease – even if
this termination accelerates death. If the patient no longer has
a decision-making ability and no advanced directive exists,

then their legal representative – in most cases a next of kin or
another person in position of trust – has to be called in.

Participation in the suicide
In some European countries assisting suicide is a criminal
offence. In other countries, such as Sweden and France, while
assisted suicide is not explicitly covered by criminal law provi
sions, existing laws are interpreted to the same effect. In some
countries, such as Germany, the support of the self-determined
suicide of a person who is capable is not subject to litigation
because being an accessory to the act is not an offence. Other
conditions apply if a special offence exists for the collaboration
and participation with a suicide. This is the case in England,
although there are now some new restrictions. In Switzerland,
Article 115 of the SCC states that the incitement and assistance
to suicide are punishable offences when they are initiated by
selfish motivated causes. Typically, these are egotistical reasons,
for example when the offender targets a personal advantage.
Organisations such as Exit that offer assisted suicide within the
framework of the Swiss legislation are not punishable pro
vided they cannot be accused of having any self-motivated
reasons.
It is still under scrutiny whether assisted suicide should or
should not be part of a physician’s remit.
If the aiding and abetting is done with impunity then it does
not matter if it is accomplished through an active action or an
omission. An indispensable condition for impunity is that the
person who provides assistance should not take a dominant
position with regard to the suicide. Such impunity ends where
the inducer or supporter is in control of the act. This might be
the case if the inducer undertakes the deadly action by him- or
herself, but not if the victim attempts suicide as a result of
misleading influences resulting in the loss of a balanced
overview.

66.3.2 Some precedents
Diane Pretty and Debbie Purdy
The precedent of the Briton Diane Pretty who was paralysed
because of anterolateral sclerosis (ALS) demonstrates the prob
lems and their development. In the year 2002 Diane Pretty
brought a legal action to the European Court of Human Rights
(ECHR). She wanted to make sure that her husband would be
exempt from punishment if he helped her to kill herself. The
reason was that Diane Pretty was still mentally capable but was
no longer physically able to administer the deadly poison
herself. If her husband had given her the deadly injection then
he would have been liable to prosecution according to the
Suicide Act 1961 due to the assistance in the suicide. This would
still have applied even where he submitted himself to the serious
and explicit death wish of his wife and had ‘only’ been her
‘extended arm’. This is because incitement and assistance to
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suicide according to the Suicide Act 1961 are subject to
punishment.55
The European Court of Human Rights rejected the applica
tion from Mrs Pretty because the UK Suicide Act 1961 is not
contrary to the sustaining articles of the ECHR.56 Diane Pretty
died in a hospice a short time after that when under sedation
which had been administered to her because of her heavy res
piratory distress.
The precedent of the Diane Pretty case has been of great
concern to both the public and the politicians in the UK. It
brought to light the situation where persons who are terminally
ill, but are not able to commit suicide due to their disease, are
strongly limited in their self-determination at their life’s end.
As a result there was controversial discussion about the Assisted
Dying for the Terminally Ill Bill [HL] in 2006. This would have
allowed physicians to aid medically assisted suicide at the
request of the judicious patient. However, the development has
not been completed, because Debbie Purdy had brought
another legal action to the House of Lords. She was suffering
from multiple sclerosis and wanted to commit suicide with the
aid of Dignitas, and with her husband accompanying her.
However, in this case he would have been liable to prosecution.
Debbie Purdy was entitled to make a legal claim.57 The highest
English Board of Appeal has ordered the prosecuting criminal
authorities to effect binding directives defining in which cases
the assistance should be subject to punishment and in which
cases it is not. The new directive implies that relatives are not
subject to prosecution when they act out of sympathy when the
patient is terminally ill or has taken a decisive conscious deci
sion to die and the aid has only been minimal.58 The legal
debates continue because more severely ill persons have
requested to commit assisted suicide.59

Piergiorgio Welby
There are also situations when life-sustaining apparatuses are
switched off at the request of the person who wishes to die.
Depending on the national legal situation and legal practice,
the precedent is treated differently in different countries. Such
a situation would traditionally count as passive euthanasia (see
earlier). In most European countries this is allowed when the
person wishing to die demands it in a self-determined way.
However, the precedent of the Italian Piergiorgio Welby shows
that this is not always easy. Piergiorgio Welby was taken termi
nally ill with myodystrophy, finally being totally immobilised
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and dependent on artificial respiration, but judicious. The
requested termination of life-sustaining measures was denied
him by the Italian justice in spite of the fact that a passive medi
cally assisted suicide had been demanded by him as a capable
person’s wish to die. This self-determination is guaranteed by
the Italian constitution in the case of medical treatments
(Article 32, section 2): ‘nobody is to be submitted to a compul
sory treatment except in the lawful regulated cases’.
However, in another Italian case, a physician did comply
with the request of a paralysed patient in December 2006 and
turned off the respirator. A criminal procedure was initiated
against him because of homicide at request; however, it ended
with a verdict of not guilty (Becchi 2009). According to the
general basic principles, a case of an allowed medically assisted
suicide should have been accepted because the patient was lifethreateningly ill and the ventilation which was stopped was
adequate for the preservation or prolongation of the life. As a
consequence of this, the Roman Catholic Church refused a
religious funeral.

Eluana Englaro
In the case where a person is no longer responsive (e.g. because
the person is demented or in a coma), the question arises as to
whether life-sustaining measures can be stopped due to a
patient’s previous provision or an implied consent of the ill
patient. On this point, the legal situations of individual coun
tries vary strongly. Partly this is because different laws exist, for
example in Germany and in Austria, which regulate the require
ments individually; elsewhere, however, equivalent regulations
are found in the legislative procedures (e.g. in Switzerland) but
interpretations vary. In many countries, patients’ provisions
and implied consent for the termination of treatment fall under
the general basic principles of law. This means that to some
extent well-meant paternalistic considerations are used to
decide about the continuation of a treatment.
An example is the precedent of the Italian comatose patient
Eluana Englaro. She had been in a coma for 16 years after a car
accident which she had had as a 19-year-old, but she had given
no advanced directive. There was a 9-year struggle and a huge
political discussion when her father requested the switching off
of the life-sustaining apparatuses. This was subsequently agreed
to by the Italian Court of appeal in the year 2009,60 although it
remained controversial. In this case the court came to a decision
due to the implied consent of the woman who had met an
accident, although there were particular difficulties due to her
longstanding comatose state.

55

http://hudoc.echr.coe.int/sites/eng/pages/search.aspx?i=001-60448
(last
accessed 3 October 2013).
56
ECHR, Fourth Section, case of Pretty v. the United Kingdom (application no.
2346/02), 29/07/2002.
57
http://news.bbc.co.uk/2/hi/uk_news/8265304.stm (last accessed 3 October
2013).
58
http://cps.gov.uk/news/latest_news/159_09/ (last accessed 3 October 2013).
59
For example, ‘Right-to-die man wins first step in legal battle’, BBC News, 27
January 2012.

66.3.3 Organised suicide
The legal questions gain a new dimension if the aid is offered
by professionals and when dying is not offered and accom
60

http://www.economist.com/node/13110088 (last accessed 3 October 2013).
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plished in the individual case, be it by relatives, friends or a
physician. If the aid is offered by a professional organisation for
medically assisted suicide then new problems arise. In Switzer
land more and more people choose this way of dying. The
following figures indicate that not only ethical but also financial
questions are under consideration: Dignitas charges 7500 CHF
per suicide, in addition to an admission fee and annual mem
bership fee. Dignitas has accompanied more than 1170 persons
to death since its foundation in 1998, so that it is not surprising
that the society’s funds are growing. Exit also has considerable
property assets, funded by membership fees, donations, capital
gains from commercial papers and legacies.61
The expansion of organisations for medically assisted suicide
in Switzerland, Germany and other countries is possible because
the regulation of their activities is only rudimentary. Until now,
only general regulations have been applicable to them, particu
larly the law of associations, the criminal law, the Medicinal
Products Act, the Therapeutic Products Act or the Narcotics Act
if SP is applied as the means for dying. The code of professional
conduct of physicians is applicable if they provide their medical
know-how and facilities for the purposes of the organisation.
Special supervisory standards do not yet exist. So far, only Exit–
Deutsche Schweiz has made an agreement with the senior
public prosecution of the Canton of Zurich, which it did in the
summer of 2009. These directives should prevent abusive prac
tices, although the Swiss Federal Tribunal has declared them to
be unlawful.62 Nevertheless, this directive can be viewed as a
reaction to the increasing pressure of society to either prohibit
organisations for medically assisted suicide or to restrict their
activities on the basis of predefined duties of care.
Several nations, in particular Germany and Switzerland, are
concerned about whether the activities of organisations for
medically assisted suicide should be more regulated and, if so, in
which legal area and to what extent. Such considerations cannot
be limited to national regulations because of the free movement
of persons wishing to die and their dying-assistants.
So far the social effects of organised medically assisted
suicide have scarcely been discussed. This is because it is usually
‘only’ an individual fate that is being considered. There is a
potential of significant power and misuse being directed
through well-functioning organisations for medically assisted
suicide, which means that effective controls and preventative
protective mechanisms are necessary. This could eventually lead
to the prohibition of organisations for medically assisted suicide
and is currently under discussion.
Such a discussion is answered very differently in the various
countries. A broad range of arguments can be raised against
61

Response from Exit–Deutsche Schweiz during consultation to the amend
ment of Article 115 of the SCC, cf. http://www.ejpd.admin.ch/content/ejpd/de/
home/themen/gesellschaft/ref_gesetzgebung/ref_abgeschlossene_projekte0/
ref_sterbehilfe.html (last accessed 3 October 2013).
62
Swiss Federal Court, decision 1C 438/2009, 16 June 2010, BGE 136 II 415 ff.
63
For Germany cf. particularly BR-Drs. 230/06 of 27 March 2006; for Switzer
land cf. the responses to the consultation concerning the amendment of Article
115 of the SCC.

absolute prohibition.63 For example, self-determination is
essential because free capable people should be able to decide
freely at the end of their lives. At the same time, apprehension
exists that a prohibition will be unenforceable if the association
has a high membership figure, as in Switzerland. An embed
ment in the criminal law could possibly lead to criminal pros
ecution being avoided. This has already been seen in former
restrictive regulations for abortion which are not sustainable in
the long run for states governed by the rule of law. Such a slip
pery slope and the possible misuse of the regulations should be
taken seriously, although it does not lead to a moral capitula
tion of the state if no absolute prohibition is pronounced.
It is clear, therefore, that for a country like Switzerland
organisations for medically assisted suicide should not be for
bidden. Instead, due diligence criteria should be defined that
have to be adhered to by such organisations: for example, they
must consider whether the person wishing to die has conceived
and expressed his or her will freely, if it is well considered and
if it remains in perpetuity. Assisted suicide has to be based on
the decision of an autonomous subject. Therefore, if a request
for assisted suicide is to be granted, mental capacity is of crucial
importance. In addition to that, it has to be clarified how to
deal with non-judicious persons having or not having advanced
directives. Another set of issues concerns the participation of
physicians. This also raises the question whether the person has
to be terminally ill, if severe chronic diseases are sufficient or if
the suicide should be facilitated for healthy and depressive
persons, too? In addition it has to be clarified how to deal with
persons wishing to die. Is any assistance available other than the
suicide? Has this been discussed with him or her? Are palliative
care hospices and medically assisted suicide mutually exclusive?
Last but not least it has to be resolved how one could counteract
the commercialisation of suicide.
In June 2011, the Swiss Federal Council decided to refrain
from including specific regulations on organised assisted suicide
in the criminal law. The Federal Council is of the opinion that
any misuse can be dealt with under the current legal provisions:
the current criminal law provisions, the Therapeutic Products
Act, the Narcotics Act and conduct rules. The Swiss Federal
Council continues to give priority to preventing suicide, to sup
porting palliative care, and the care and treatment of people
with terminal, life-threatening and chronic illnesses.64

66.4 Research on corpses
Whether research on corpses is permissible, for example neu
roimaging, virtopsy, etc., is becoming ever more relevant and is
seen as an urgent problem (Tag 2006b). Exploitation of the
dead body, the organs, cells and DNA represents a resource of
increasing importance in generating new findings. Examina
64

http://www.bj.admin.ch/content/bj/en/home/dokumentation/medieninfor
mationen/2011/ref_2011-06-29.html (last accessed 3 October 2013).
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tion of the brain is particularly important and could have an
effect on determining time of death in relation to the criteria
of brain death.
Given the uncertain ethical and legal evaluation of the treat
ment of corpses, the following seeks to provide arguments in
the interest of clarification. The intention is to find a valid
balance between the legitimate concerns of the research com
munity and the continuing personal rights of those whose
corpses are to be examined and the rights of their next of kin.
Whereas dying – as we understand it from a medical and
technical point of view – describes an irreversible biological
process from a certain point on, the speed of whose progression
varies depending on the individual tissue type, death represents
a more or less swiftly occurring event, depending on the cir
cumstances of the specific case, within this entire process. The
point at which a person can be considered to be still alive is a
question which jurisprudence and philosophy have to clarify
although the criteria for brain death has been defined in most
national transplantation acts. Furthermore, the definition of
the criteria of death involves not just biological and medical,
but also legal and ethical features.
Although the jurisprudence has confirmed the constitution
ality of the concept of brain death, discussion on the key criteria
of death has not yet been finished. Such discussions concern
questions of whether the normative assessment of brain death
is concordant with the actual death, which criteria and indica
tions of death should be used to determine brain death, and
whether the provision of national transplantation and human
tissue acts can be transferred to other areas of the law. It became
very clear during discussions about post-mortal organ dona
tion that a normative assessment is needed in determining
complete brain death as the time of death. The fact that brain
death occurring means that the person’s biological death has
occurred is normative.
The signs of death play a central role. The clinical signs
of death decide whether the removal of vital organs is permis
sible which causes the donor’s cardiovascular system to shut
down. This means, once brain death has occurred, examinations
which would lead to serious, fatal injuries in the living person
can now be performed. Within this context, it must be noted that
there is no international consensus on the criteria for determin
ing death. The Swiss Academy of Medical Sciences (SAMS)
prescribes various observation periods in its guidelines on deter
mining brain death (SAMS 2011) which are currently being
revised. The criteria being discussed to determine brain death
include, for example, proof of electrical inactivity of the brain
(using electroencephalography), evoked potentials (i.e. stimu
lating the senses to evoke changes in the brain’s potential which
can be read from the surface of the brain) and proof of cessation
of intracerebral circulation (using Doppler or ultrasonic assess
ment, cerebral perfusion scintigraphy or the depiction of vessels
(angiography)). Because of these varying criteria, it is possible
that in some countries the time of death could be determined to
have occurred at a point at which the person would have been
regarded in another country as still alive.
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Another aspect must also be considered, that of so-called
partial brain death or cortical death. Human research on dying
patients and the deceased can be expected to produce new find
ings in this area. Those in an apallic state (i.e. patients who
retain quantitative consciousness but whose qualitative con
sciousness, in contrast, cannot generally be recovered using
current knowledge) or those who are anencephalous (i.e. a
newborn whose head is marked by characteristic defects – no
cranium, cerebrum and meninges, possibly even no cerebellum,
midbrain and diencephalons), are, as living persons, fully pro
tected by the legal system. Despite the demand to examine these
persons and thus to generate new findings, it must be taken into
account at all times that they enjoy the same fundamental legal
and ethical principles applied to other living persons.

66.4.1 Human research on corpses
Current legal provisions
Where total brain death has occurred, rules on the treatment
of the corpse apply regarding the extent to which research may
be performed on a deceased person being kept artificially ‘alive’.
However, a search of national laws currently in force on the
conditions or limits of performing research yields scant results.65
A browse through the European regulations produces similarly
few answers. The conventions, additional protocols, directives
and recommendations that address the topic of the corpse are
very fragmentary.66
The degree of legal uncertainty produced by such heteroge
neous legislation is high. Research can help improve the defini
tion of total brain death, the diagnoses and the therapies
applied, and can promote further development of medical
knowledge, and thus help other patients. Often the deceased
patient has offered his or her body for research purposes.

Status of the corpse
The permissibility of neuroimaging and other research methods
on the brain dead are materially rooted in the legal status of
the corpse. The duties of society and individuals in this respect,
and the question of the level of protection to be adhered to,
must be clarified. Brain death marks the end of one’s status as
a legal person; the corpse is no longer the bearer but rather the
reference object of rights and obligations. The matter-of-fact
treatment of corpses, seen over and over again, speaks for their
65

However in the UK see the Human Tissue Act, the Codes of practice and
the Human Tissue Authority legal Directions, http://www.hta.gov.uk/
legislationpoliciesandcodesofpractice.cfm (last accessed 3 October 2013); in
Switzerland see the Federal Act on Research Involving Humans which will enter
into force on 1 January 2014.
66
The European Union Tissue and Cells Directives (EUTCD) are made up of
three directives, the directive (2004/23/EC) that provides the framework legisla
tion and two technical directives (2006/17/EC and 2006/86/EC), which provide
the detailed requirements of the EUTCD. Directive 2010/45/EU of the Euro
pean Parliament and of the Council of 7 July 2010 provides standards of quality
and safety of human organs intended for transplantation.
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Box 66.13 Article 8 of the Swiss Transplantation Act:
Preconditions for Removal.
1.

2.

3.

4.
5.
6.

7.
8.

Organs, tissues or cells may be removed from a deceased
person if:
a. the person has consented before his or her death to the
removal;
b. death has been determined.
If no documented consent or refusal by the deceased person
is available, the next of kin must be asked whether they are
aware of the person having declared an intention to donate.
If the next of kin are not aware of any such declaration,
organs, tissues or cells may be removed if the next of kin
give consent. The decision of the next of kin shall be guided
by what they believe the deceased person would have
wanted.
If there are no next of kin, or they cannot be contacted,
removal is not permitted.
The wishes of the deceased person take priority over those
of the next of kin.
If the deceased person has demonstrably delegated the decision on the removal of organs, tissues or cells to a trusted
person, this person shall be consulted instead of the next of
kin.
Individuals who have reached the age of 16 may declare their
intention to donate.
The next of kin shall be defined by the Federal Council.

qualification under property law. However, the associated legal
consequences of this, in particular the fact that there are no
restrictions on its marketability and ownership, are not appro
priate for the ‘remains’ of a former person. There is good reason
for provisions to exist that maintain the validity of human
dignity beyond death and to speak against applying the full
scope of property law.
In contrast to some other countries, such as Spain and
Austria, the German and Swiss Transplantation Acts, where
post-death human dignity is guaranteed by the constitution,
have opted for the extended consent solution (so-called erweit
erte Zustimmungslösung; in Germany its now called Entschei
dungslösung)67 as a requirement for the removal of donated
organs, tissues and cells (Box 66.13). This position is in line
with the consensus being sought at both a European
and international stage of the Convention on Human Rights
and Biomedicine, the corresponding Additional Protocol on
Transplantation and Directive 2010/45/EU of the European
Parliament and of the Council of 7 July 2010 on standards
of quality and safety of human organs intended for
transplantation.
Some national criminal codes provide the corpse with pro
tection from disruption of the right to peace as well as from
malicious gossip and defamation. However, the usually frag
mentary nature of both offences does not provide any real
protection from unauthorised treatment of the corpse, and
consequently from impermissible research. The existing provi
67

German Transplantation Act, Sections 3 ff.; Swiss Transplantation Act,
Article 8.

sions do, however, mirror the increasing urgency for legislative
action to provide more legal clarity and legal certainty. If no
special national regulations exist, rules on the permissibility of
performing research on the brain-dead corpse must be deduced
from general fundamental principles.
In keeping with European provisions and the Convention
on Human Rights and Biomedicine it should be generally
agreed that permission to perform brain diagnostics on a ‘fresh’
corpse is primarily dependent upon the (assumed) will of the
deceased and the attitudes of those authorised to care for the
deceased. In general, the models for consideration are the solu
tions discussed during the preparation of the national trans
plantation acts: objection, declaration, information and models
of narrow and extended consent. A closer look at the various
models shows that they differ above all in the significance they
accord to the self-determination right of the person concerned
and the subsidiary right to decide of those authorised to care
for the corpse.
The narrow or modified objection solutions, often favoured
in medical practice as the right answer to a high demand for
research on the corpse, is subject to constitutional concerns and
needs to be considered in detail. If there is a lack of knowledge
about this amongst the general public, it is likely that few will
avail themselves of the right of objecting. In some senses, there
fore, the deceased person is thus, while still alive, treated some
what as an object of society or its interested branches.
Furthermore, the objection solution encroaches upon the right
not to have to deal with certain personal questions. The positive
and negative freedoms of religion and philosophy are also of
importance, and it must be remembered that not all religions
are open to research on corpses (Box 66.14).
The information and declaration solutions hardly differ in
terms of breaching the post-mortal self-determination right
and the rights of the next of kin to care for the deceased from
the extended objection solution and are thus subject to criti
cism for the same reasons. Furthermore, there are some aspects
of data protection that are in conflict with the declaration solu
tion. Concerns remain that a declared objection will only be
observed if the researcher is obliged to conduct further enquiry
and that it will often prove impossible, or unreasonable given
the amount of research it entails, to uncover the objection. This
will lead to the danger of the (post-mortal) interests of the
person being ignored. If data generated by research are saved
and transferred between databases and could lead to conclu
sions being drawn about surviving family members, there can
be no reasonable doubt that the persons concerned should
positively legitimise the procedure.
Therefore Article 13 of European Recommendation
Rec(2006)4 of the Committee of Ministers to member states
on research on biological materials of human origin declares
rightly:
1. Biological materials should not be removed from the
body of a deceased person for research activities
without appropriate consent or authorisation.

CHAPTER 66   THE DOCTOR AND THE LAW

1231

Box 66.14 Charter of the Fundamental Rights of the European
Union (2000/C 364/01).

Box 66.15 Convention for the Protection of Human Rights and
Fundamental Freedoms.

Article 1: Human dignity
Human dignity is inviolable. It must be respected and protected.

Article 9: Freedom of thought, conscience and religion
1. Everyone has the right to freedom of thought, conscience
and religion; this right includes freedom to change his religion or belief and freedom, either alone or in community with
others and in public or private, to manifest his religion or
belief, in worship, teaching, practice and observance.
2. Freedom to manifest one’s religion or beliefs shall be subject
only to such limitations as are prescribed by law and are
necessary in a democratic society in the interests of public
safety, for the protection of public order, health or morals,
or for the protection of the rights and freedoms of others.

Article 3: Right to the integrity of the person
1. Everyone has the right to respect for his or her physical and
mental integrity.
2. In the fields of medicine and biology, the following must be
respected in particular:
– the free and informed consent of the person concerned,
according to the procedures laid down by law,
– the prohibition of eugenic practices, in particular those
aiming at the selection of persons,
– the prohibition on making the human body and its parts
as such a source of financial gain,
– the prohibition of the reproductive cloning of human
beings.

Article 14: Prohibition of discrimination
The enjoyment of the rights and freedoms set forth in this Convention shall be secured without discrimination on any ground
such as sex, race, colour, language, religion, political or other
opinion, national or social origin, association with a national
minority, property, birth or other status.

Article 10: Freedom of thought, conscience and religion
1. Everyone has the right to freedom of thought, conscience
and religion. This right includes freedom
– to change religion or belief,
– either alone or in community with others and in public or
in private, to manifest religion or belief, in worship, teaching, practice and observance.
2. The right to conscientious objection is recognised, in accordance with the national laws governing the exercise of this
right.

2. Biological materials should not be removed or sup
plied for research activities if the deceased person is
known to have objected to it.
The model that takes these concerns best into account may
be the consent solution, as self-determination beyond death
reinforces an individual’s set of values and thereby his or her
interest in disposal over his or her own body. The fact that some
national legislatures nevertheless decided in favour of the
extended consent solution reflects a weighing of interests. Expe
rience to date indicates that the narrow consent solution does
not produce sufficient numbers of donors. This compromise,
which seeks to balance the differing rights and interests, can be
transferred with good reason to the field of research on corpses.

Non-discrimination
Equality before the law is based on the concept of affording
equal consideration to the subjective fundamental rights of all
people – irrespective of sex, skin colour, culture, social origin,
age, health and individual capabilities.
Chapter III of the Charter of the Fundamental Rights of the
European Union states some crucial principles concerning
equality. Article 21 states:
1. Any discrimination based on any ground such as sex,
race, colour, ethnic or social origin, genetic features,
language, religion or belief, political or any other
opinion, membership of a national minority, prop

erty, birth, disability, age or sexual orientation shall
be prohibited.
2. Within the scope of application of the Treaty estab
lishing the European Community and of the Treaty
on European Union, and without prejudice to the
special provisions of those Treaties, any discrimina
tion on grounds of nationality shall be prohibited.
The Convention for the Protection of Human Rights and
Fundamental Freedoms also covers non-discrimination in
several articles (Box 66.15).

Biobanks and databases
Also being discussed at present are the permissibility and
modalities of biobanks and databases. These are databases in
which, among other things, the information and personal brain
data produced by human research are stored. Such databases
are an important resource in shedding light on the causes and
mechanism of different illnesses, especially those that are wide
spread among the general population.
Data are sometimes collected specially for research purposes,
sometimes they arise incidentally in medical or diagnostic
connections. The information may be of value for biomedical
research, in particular for epidemiology, and leads to progress
in terms of the public good. Moreover, biobanks and databases
are important sources of information for establishing the causes
of diseases and could also represent a central support for moni
toring and assuring quality in medicine. To this end, an exami
nation may not be solely in the interests of the individual, but
also in those of the larger collective. This poses questions of
self-determination, solidarity, altruism and justice.68
68

For more detail, see Directive 2004/23/EC of the European Parliament and of
the Council of 31 March 2004 on setting standards of quality and safety for the
donation, procurement, testing, processing, storage, and distribution of human
tissues and cells.
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Box 66.16 Chapter VI (use of biological materials in research
projects) of European Recommendation Rec(2006)4 of the
Committee of Ministers to member states on research on
biological materials of human origin.
Article 21: General rule
Research on biological materials should only be undertaken if it is
within the scope of the consent given by the person concerned.
The person concerned may place restrictions on the use of his or
her biological materials.
Article 22: Identifiable biological materials
1.
i. If the proposed use of identifiable biological materials
in a research project is not within the scope of prior
consent, if any, given by the person concerned, reasonable
efforts should be made to contact the person in order to
obtain consent to the proposed use.
ii. If contacting the person concerned is not possible with
reasonable efforts, these biological materials should only
be used in the research project subject to independent
evaluation of the fulfilment of the following conditions:
a. the research addresses an important scientific
interest;
b. the aims of the research could not reasonably be
achieved using biological materials for which consent
can be obtained; and
c. there is no evidence that the person concerned has
expressly opposed such research use.
2. The person concerned may freely refuse consent for the use
in a research project of his or her identifiable biological materials, or withdraw consent, at any time. Refusal to give consent
or the withdrawal of consent should not lead to any form of

In order to ensure equal consideration is given to the inter
ests of those involved, special rules should be drawn up on the
preconditions and limits of recycling and collecting informa
tion gleaned from brain imaging. The central point of reference
here is the right to self-determination of the person from whom
the information was generated. The effective consent of the
person involved is needed not only to perform the research
itself, but also to the related intention to save the information
thus generated in order to make it later available for databank
research purposes (Box 66.16). This also applies to the ‘multiuse’ of data originally collected for medical purposes.
There remains a grey area. In the past, research-related use
of personal data stored in bio- and databanks was often without
informed consent and no close relatives or persons of compa
rable status could be found in many cases. To ensure that these
bio- and databanks remain available, the process of obtaining
informed consent must not be unnecessarily complicated. Situ
ations similar to emergencies may arise, when attention must
be paid to render the data, where possible, anonymous and to
secure the consent of an independent commission comprising
experts and representatives of the patient or family members
before the data are saved.
Where there is no longer a viable connection between the
data and the relevant persons, the protected interests of those

discrimination against the person concerned, in particular
regarding the right to medical care.
Article 23: Unlinked anonymised biological materials
1. Unlinked anonymised biological materials may be used in
research provided that such use does not violate any restrictions placed by the person concerned prior to the anonymisation of the materials.
2. Anonymisation should be verified by an appropriate review
procedure.
Article 24: Independent review
1. Research should only be undertaken if the research project
has been subject to an independent examination of its scientific merit, including assessment of the importance of the aim
of the research, and verification of its ethical acceptability.
National law may additionally require approval by a competent
body.
2. Member states should apply the provisions concerning ethics
committees contained in chapter III of the Additional Protocol
concerning biomedical research (CETS No. 195, 2005) to the
review of research within the scope of this recommendation.
3. Review procedures may be adapted to the nature of the
research and the extent to which the persons concerned could
be identified from their biological materials or associated
data.
Article 25: Confidentiality and right to information
The principles of chapter VIII (confidentiality and right to information) of the Additional Protocol concerning biomedical research
should be applied to any research project using biological materials and associated personal data.

persons are no longer affected. In order to protect the privacy
of the deceased and his or her next of kin, the personal details
must be as far as possible encrypted. The code itself and the
encoded brain data have to be separately stored and adminis
tered. The bio- and databanks must ensure that they comply
with all the legal requirements of data protection. If an excep
tion arises, it is necessary to consult the ethic commissions and
abide by their decision.

66.5 Legal and ethical aspects
concerning the handling of
corpses and the display of
human remains
Death shows that there is a limit to everything concerning our
life in this world. In the past, human remains were removed to
the cemetery, and only a few corpses were used for research or
some well-preserved parts of the body – or in exceptional cases
whole bodies – were displayed in anatomical museums. The
public has gradually found itself faced with issues of increasing
interest regarding dead bodies and their anatomy so it is hardly
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surprising to see a wide range of unresolved questions arising.
The most important of these is whether and to what extent
anatomical specimens of human origin should be accessible to
public view, not only to doctors and medical students, but also
to laypersons (Tag 2000b). The more detailed the bioethical,
theological and social questions pertaining to the exhibition of
human remains become, the clearer the need will be to consider
the legal ramifications.
Nevertheless, it would be a mistake to believe clear answers
exist. The reasons for this are manifold. In the past, in particu
lar, the body was primarily of interest to pathology, anatomy
and, in certain ways, the fine arts. Outside this narrow range of
interests, the treatment of bodies was focused on mourning and
the precautions needed to protect the living from health risks.
This changed when medicine and biochemistry discovered the
corpse for their purposes.
Up to now, the discussion concerning the proper use of a
corpse has focused primarily on organ and tissue transplants;
the major issues involved here have been the debate on brain
death and on finding solutions to problems of consent. Despite
the Convention on Human Rights and Biomedicine (Box
66.17), this controversy has still not been resolved.
To look to the law for clarity on this issue involves looking
for guidelines in the drafting of laws (as well as the penalties to
ensure their enforcement); it is evident that only a loose web of
norms exists, which is by no means definite or definitive. Only
a few anatomical acts exist, and they address very few questions
regarding the adequate treatment of bodies. Rules about the
treatment of bodies have to be derived from fundamental
general principles. However, this is not necessarily a disadvan
tage. In many areas of research and applied sciences there are
shifts in values and opinions, showing that our legal systems
require a certain degree of flexibility to react to changes of this
nature.

66.5.1 The dead body
Legal considerations on this issue must begin by exploring the
legal status of a corpse. Two fundamental questions must be

Box 66.17 Chapter VII of the Convention on Human Rights and
Biomedicine: Prohibition of financial gain and disposal of a part
of the human body.
Article 21: Prohibition of financial gain
The human body and its parts shall not, as such, give rise to
financial gain.
Article 22: Disposal of a removed part of the human body
When in the course of an intervention any part of a human body
is removed, it may be stored and used for a purpose other than
that for which it was removed, only if this is done in conformity
with appropriate information and consent procedures.
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examined: What obligations are there and to whom do they
apply? What amount of legal protection is the body entitled to?
When we know the answers to these, perhaps we will be able to
find answers to other questions.
Rights of disposition over a corpse presuppose a legal link
to that corpse, which may seem simple at first glance. However,
upon closer assessment it proves to be highly complex because
written law has only just begun to regulate the legal status of
corpses. To understand the problems involved it is necessary to
understand the legal link between a living person and his or her
corpse.
A living person is granted a unique legal protection on the
basis of the unity of soul, spirit and body. This distinctive
feature attributes the human being the right to dignity and to
privacy. Death fractures the human life and throws the unam
biguous nature of the former legal assessment into question. If
a person’s life is ended, his or her remains are what firstly deter
mine the nature of the legal object now under consideration.
Usually, the lifeless body starts to decompose, which indicates
that one’s mortal remains have come to be viewed as an object.
This transformation can be seen in the area of postmortem
organ and tissue donation and the broad range of uses for the
corpse in human research. As the law of succession shows, in
the case of death, all one’s belongings and possessions must pass
into other hands. This makes sense when we recognise that the
corpse has to be separate from its former state and become an
object.
Under common law, the starting principle of dead bodies is
that ‘the body belongs to no one’ (corpus nullius in bonis), but
new developments show that we have to differentiate between
status (whether an object or not) and property rights. From the
moment death occurs, the body is ownerless. However, in
Germany, Switzerland, Austria, the UK and several other Euro
pean countries, the legal practice is of the opinion that every
capable person is allowed to donate his or her future dead body
to a department of anatomy or pathology and for organ, tissue
and cell transplantation. These principles can be found in the
Additional Protocol to the Convention on Human Rights and
Biomedicine concerning Transplantation of Organs and Tissues
of Human Origin (Box 66.18).69
In principle, the Additional Protocol, as well as many
national regulations, accept the appropriation and medicalrelated handling of corpses or parts of them. This is reflected
in the ever growing spectrum of the commercial and noncommercial use of bodies and/or parts of them. All over the
world there are many anatomical museums and exhibitions –
for example the so-called touring ‘body-world’ exhibition or
the traditional anatomical museums (e.g. the Wellcome
Museum of Anatomy and Pathology, London) and other dis
plays of human remains (e.g. the skeleton of Jeremy Bentham,
the famous philosopher and lawyer, which is preserved at
69

For the status of signing and ratification see http://conventions.coe.int/
Treaty/Commun/ChercheSig.asp?CL=ENG&CM=&NT=186&DF=23/08/2010
&VL= (last accessed 3 October 2013).
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Box 66.18 Chapter IV of the Additional Protocol to the
Convention on Human Rights and Biomedicine concerning
Transplantation of Organs and Tissues of Human Origin: Organ
and tissue removal from deceased persons.

Box 66.19 Chapter VII of the Convention on Human Rights and
Biomedicine: Prohibition of financial gain and disposal of a part
of the human body; and Chapter VI of the Additional Protocol:
Prohibition of financial gain.

Article 16: Certification of death
Organs or tissues shall not be removed from the body of a
deceased person unless that person has been certified dead in
accordance with the law.
The doctors certifying the death of a person shall not be the
same doctors who participate directly in removal of organs or
tissues from the deceased person, or subsequent transplantation procedures, or having responsibilities for the care of potential organ or tissue recipients.

Convention Chapter VII, Article 21: Prohibition of
financial gain
The human body and its parts shall not, as such, give rise to
financial gain.

Article 17: Consent and authorisation
Organs or tissues shall not be removed from the body of a
deceased person unless consent or authorisation required by law
has been obtained.
The removal shall not be carried out if the deceased person
had objected to it.
Article 18: Respect for the human body
During removal the human body must be treated with respect
and all reasonable measures shall be taken to restore the appearance of the corpse.
Article 19: Promotion of donation
Parties shall take all appropriate measures to promote the donation of organs and tissues.

University College, London). In fact, it can be said that the right
to donate one’s body comes from the tradition of donating
bodies to anatomical institutions.
Such uses of dead bodies illustrate the fact that a corpse at
some point becomes more of an object than a person. However,
there is a huge discussion about the legal status of the corpse
and the question whether human remains can be categorised
as displaying certain characteristics of property or possession.
Although the deceased is no longer considered a person in his
or her own right, some legal rights to which they were entitled
during their lifetime remain for a defined period of time –
depending on their circumstances of death (where, why, when,
how, who, etc.). The continuity of human dignity beyond the
grave means while corpses and human remains are objects,
there are a lot of important constraints concerning an adequate
handling of a human body.
This provisional result seems to be consistent with the Euro
pean Convention on Human Rights and Biomedicine and the
2002 Additional Protocol concerning Transplantation of Organs
and Tissues of Human Origin (Box 66.19). Both these legal
norms prohibit the commercial use of human remains but they
do not outlaw the right of ownership concerning the body.
In addition to this, directive 2004/23/EC of the European
Parliament and of the Council of 31 March 2004 on setting
standards of quality and safety for the donation, procurement,
testing, processing, storage and distribution of human tissues
and cells is interesting (Box 66.20).

Additional Protocol Chapter VI, Article 21: Prohibition of
financial gain
1. The human body and its parts shall not, as such, give rise to
financial gain or comparable advantage.
The aforementioned provision shall not prevent payments which do not constitute a financial gain or a comparable advantage, in particular:
– compensation of living donors for loss of earnings and
any other justifiable expenses caused by the removal or
by the related medical examinations;
– payment of a justifiable fee for legitimate medical or
related technical services rendered in connection with
transplantation;
– compensation in case of undue damage resulting from the
removal of organs or tissues from living persons.
2. Advertising the need for, or availability of, organs or tissues,
with a view to offering or seeking financial gain or comparable advantage, shall be prohibited.
Additional Protocol Chapter VI, Article 22: Prohibition of
organ and tissue trafficking
Organ and tissue trafficking shall be prohibited.

These regulations indicate if the procurement and the
processing of human tissues is regulated by law, then human
matter can become third party property. If so, there is no reason
why human remains should not be classified as a special form
of property.

66.5.2 Consent or authorisation required
by law
Defining the status of corpses purely in terms of property laws,
however, is not convincing when addressing the issue of owner
ship of a human corpse. On the one hand, this would result in
unlimited ownership and marketing rights over the corpse,
which would not be acceptable when considering that the
mortal remains were once a human being. On the other hand,
property ownership carries with it the right of owners to do
with their property as they see fit: selling it, for instance, or
excluding others from having any influence so long as this
violates neither the law nor the rights of third parties. The law
also allows for the purchase of movable goods in good faith
provided they have been neither lost nor stolen. If all of these
legal provisions were applied to human corpses, the conse
quences would be unacceptable.
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Box 66.20 Directive 2004/23/EC of the European Parliament
and of the Council.
Article 12: Principles governing tissue and cell donation
1. Member States shall endeavour to ensure voluntary and
unpaid donations of tissues and cells.
Donors may receive compensation, which is strictly
limited to making good the expenses and inconveniences
related to the donation. In that case, Member States define
the conditions under which compensation may be granted.
Member States shall report to the Commission on these
measures before 7 April 2006 and thereafter every three
years. On the basis of these reports the Commission shall
inform the European Parliament and the Council of any necessary further measures it intends to take at Community
level.
2. Member States shall take all necessary measures to ensure
that any promotion and publicity activities in support of the
donation of human tissues and cells comply with guidelines
or legislative provisions laid down by the Member States.
Such guidelines or legislative provisions shall include appropriate restrictions or prohibitions on advertising the need
for, or availability of, human tissues and cells with a view to
offering or seeking financial gain or comparable advantage.
Member States shall endeavour to ensure that the procurement of tissues and cells as such is carried out on a
non-profit basis.
Article 13: Consent
1. The procurement of human tissues or cells shall be authorised only after all mandatory consent or authorisation
requirements in force in the Member State concerned have
been met.
2. Member States shall, in keeping with their national legislation, take all necessary measures to ensure that donors,
their relatives or any persons granting authorisation on
behalf of the donors are provided with all appropriate information as referred to in the Annex.

For this reason some regulations argue in favour of extend
ing the personal rights of privacy and against the unlimited
application of property law to human remains.70 In light of this,
decisions made by the deceased regarding the type and location
of his or her funeral become important and the Additional
Protocol to the Convention on Human Rights and Biomedicine
concerning Transplantation of Organs and Tissues of Human
Origin makes organ donation dependent primarily upon the
consent of the deceased. If no consent – written or otherwise
– has been given, the consent of the next of kin or that person
whom the deceased has authorised is required. The presumed
will of the deceased, however, must be taken into consideration
– insofar as it is known. The basis for decisions such as these is
implicated in the Charter of Fundamental Rights of the Euro
pean Union and takes fully into account the principles of the
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Convention on Human Rights and Biomedicine of the Council
of Europe.
Legal constraints regarding proper use of human remains
are limited to a few selective statements. In some countries such
as Germany and Switzerland, the authority to regulate dissec
tion and body donation to anatomical institutions does not fall
under federal jurisdiction. For this reason, the individual states
not only have their own funeral laws, but also their own laws
in governing dissection – or they may have no laws at all on this
issue. Yet, both these countries have no definitive regulations
concerning the proper use of human remains. Therefore dealing
with this issue means having to fall back on general regulations
and principles.
Nevertheless, the main legal principle involved is clear:
within the confines of current law every individual has the right
to determine what will be done with his or her mortal remains.
If the deceased made no use of that right while alive, then it is
vested in the next of kin. However, the next of kin are not free
to decide as they like. The post-mortal personal rights dictate
that they must take the wishes or the presumed wishes of the
deceased into consideration.
In conclusion, it is clear that the traditional use of a corpse
has generally consisted of interring the dead, although our legal
system does have general provisions for other uses of corpses.

66.5.3 Use of human remains without
explicit consent
A well-known sentence is often found inscribed above the
portals of anatomical institutions: ‘Here (is the place where)
death serves life’. This statement bears a new and important
meaning if corpses are unquestioningly used for the human
research. In some older displays, in particular, there are speci
mens that were not voluntarily donated. What should we do with
these human remains? Are we obliged to separate and to bury
them as regulated by their native conventions and customs?71 Or
is it permissible to continue to keep these specimens without
restriction in the museum? Is it allowed to do human research
with these specimens or to use them as a basis for medical prod
ucts? (See Cheney 2006; Keller 2008; Madof 2010.)
If we cannot rule out the possibility that the humans remains
derive from individuals, who died a violent death under totali
tarian regimes, then we have to search for adequate solutions. In
most countries there are no answers written by law, and those
that do exist often only cover the ethical minimum. Ethics, as the
general conviction of the right, the true and the socially accept
able, is more far-reaching than written and unwritten rules. Law
and ethics complement one other and need each other.
Critics who denounce the handling of corpses in research
and the exhibition of conserved bodies and skeletons as

70

For example, Swiss Federal Court BGer 1P.373/2002 /bie, decision 4 July 2003;
German Federal Constitutional Court ‘Mephisto’, decision 24 February 1971, 1
BvR 435/68 – BVerfGE 30, 173; German Federal Court, decision 22 April 2005,
2 StR 310/04 – BGHSt 50, 80 ff. (Cannibal of Rothenburg).

71

See, for example, the recent discussion about the unquestioned display of the
skeleton of the ‘Irish giant’ in the Hunterian Museum in the Royal College of
Surgeons, London (Doyal and Muinzer 2011).
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unacceptable, regardless of the decision of a body donor, gener
ally back up their arguments by referring to the right to care
for the corpse and to the feelings of reverence on the part of
both survivors and the general public.
The right to care for a corpse is a right reserved for the next
of kin. Its purpose is to ensure that all laws applying to the care
of corpses will be observed and to express the wishes of the
dead person as expressed during their lifetime. In principle,
survivors have to respect the decisions of the deceased and are
not allowed to do with the corpse whatever they see fit. Never
theless a lot of different opinions exist on how to handle corpses
and anatomical specimens.
Human remains in anatomical museums that were provided
without consent and donation, in most cases are relics of the
past. Therefore we have to solve primarily an ethical question:
Could and should we address yesterday’s injustices today? One
solution would be the ‘fruit of the poisonous tree’ doctrine,
where the fruits of the prohibited tree would not be harvested,
that is the specimens should be removed as quickly as possible.
However, this procedure is not enforceable by law so as there is
no absolute protection of the corpse.
To decide on an acceptable procedure means discussing
several items as they are written in the 2003 Stuttgarter Recom
mendations (Arbeitskreis Menschliche Präparate in Sammlun
gen 2003). First, the fading memory of the deceased. There are
differences if the human remains are part of an anonymous
person who died a very long time ago,72 or if they belong to a
person who still has next of kin alive. The circumstances of the
death could be another essential consideration. If a person lost
his or her life solely because of his or her race, view of life or
political reasons through violent measures, this injustice affects
more than just the dignity of an individual.73 It is important for
society that anatomical specimens deriving from such violent
measures should not be used in human research or displayed
in museums (Körtner 2001). The methods of display and pres
ervation procedure are also essential to consider. In anatomy,
the principle of anonymity must always be followed, with any
descriptions focusing on anatomical information.
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See, for example, the Swiss Federal Act on Research Involving Humans, which
states that human research with specimens that are older than 70 are allowed
without consent. However, if the next of kin do not allow this research it must
not be made (Article 36, paragraph 4). Human Tissue Act 2004, UK, Section 1
states: ‘Authorisation of activities for scheduled purposes (1) The following
activities shall be lawful if done with appropriate consent . . .’ This does not apply
to a body if – (a) it has been imported, or (b) it is the body of a person who died
before the day on which this section comes into force and at least one hundred
years have elapsed since the date of the person’s death (see subsection (5)).
73
German Federal Court, 15 March 1994, 1 StR 179/93, Neue Juristische
Wochenschrift 1994, pp. 1421 ff.
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Teresa Magalhães and Duarte Nuno Vieira

67.1 Introduction
The very first kind of legal medicine practised in Mesopotamia
over 4000 years ago involved the assessment and reparation of
personal injury caused by third parties (Margeat 1988). The
Nippur Tablets (2050 BC), Hammurabi Code (1750 BC), Talion
Law, Mishnah and Lex Aquilia are just some of the historical
examples of legislation that contains references to methods of
assessing and repairing personal injury (Geerts 1962). In fact,
damage to bodily integrity has always been considered particularly important, requiring a form of punishment that corresponds to the social and individual suffering incurred. Over
time, this punitive reaction was joined by another concern,
namely to repair victims for the injury suffered; indeed these
two forms of reaction (punishment and reparation) only
became completely autonomous with the appearance of the
modern nation state.
Questions such as whether or not the personal injury caused
by third parties should be punished and/or repaired, how and
with what means it should be done, and who is responsible for
implementing it, and for assessing and evaluating the consequences, have solicited very different responses throughout
history in accordance with the type of society involved, and the
sociocultural values and principles underpinning its respective
legal system (Magalhães 1998). The development of the welfare
state also opened the way to other means of assessing personal
injury, particularly when non-traumatic in origin, in order to
grant particular benefits and advantages to handicapped citizens. This whole matter has evolved, not only scientifically and

Handbook of Forensic Medicine, First Edition. Edited by Burkhard Madea.
© 2014 John Wiley & Sons, Ltd. Published 2014 by John Wiley & Sons, Ltd.

technically, but also in terms of the social and forensic importance attributed to it, and today it is a specific area of legal
medical and forensic expertise, often included in clinical forensic medicine, a branch of forensic medicine that is growing in
importance.
Forensic medical experts are increasingly called upon to
examine and pronounce upon a range of situations, sometimes
very complex, related to questions of personal injury in the area
of criminal, civil, labour and administrative law, amongst
others. This type of expert activity has particularities related to
the legal system of the nation in question, and methods and
procedures may vary from country to country as a result of
legal specificities and different forensic systems. However,
despite these specificities, the expert evaluation remains a
medical act, which means that the methodology used needs to
be technical and scientifically grounded, otherwise it runs the
risk of becoming abstract and fictitious, which does not serve
the interests of science and justice. What is at stake is nothing
less than the need to grant space to doctors so that they can
define what may or may not be assessed, and select the necessary tools, without having to use instruments that are scientifically inappropriate (Magalhães and Pinto da Costa 2007). In
fact, clinical forensic medicine is currently facing ever more
complex demands as a means of providing scientific evidence,
and is a rapidly expanding area. This means that its materials
and methods are constantly having to adapt not only to new
technologies and scientific discoveries, but also to changes
taking place in the sociocultural and legal spheres. The methods
used in expert personal injury evaluation thus need to be
defined by a body of medical experts specialised in this area.
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Consequently, and given the complexity of current damage
claims, this kind of intervention, once the exclusive responsibility of the medical expert (frequently the forensic physician), is
becoming increasingly more inter- and transdisciplinary,
involving different medical specialities, the social services and
psychology (as the object of evaluation is the person). The
medical expert often has to request complementary opinions
and reports from specialists in other areas, while nevertheless
remaining responsible for the final assessment as a whole.
Personal injury assessment is a medical act and is therefore
subject to the rules and norms of the art of medicine. This
means that the expert must display respect for the dignity of
the injured person and an attitude of constant understanding
and sympathy towards that person and his or her family, as well
as availability in terms of time – something that is often essential for the proper diagnosis of the case. The expert also has to
remain detached and impartial at all times, aiming to establish
the truth of the facts under investigation so that justice may be
properly done.
As has already been mentioned, the legal principles regulating the assessment and reparation of personal injury vary from
country to country, even in areas that are historically and culturally close. The European Union is paradigmatic in this
respect, as its 27 member states offer a mosaic of different procedures and models concerning the assessment and reparation
of personal injury and the parameters of damage to be
evaluated.
Thus, it is important to reflect on the present status of questions relating to personal injury assessment, the concepts inherent to it and the methodologies most commonly used, taking
account of the specific requirements of different areas of law.

67.2 Aim of personal injury
assessment and reparation
This matter traditionally made use of concepts such as ‘bodily
harm’, ‘bodily damage’ or ‘harm to physical integrity’, expressions which suggest an exclusive relation with injury on the
organic level. The concept of injury usually involves damage
that is primarily biological (to the body), but which can also be
manifested as disturbances to the victim’s capacities/functions,
life situations/activities and participation. Thus, what is really
at stake is the broader concept of personal injury, which requires
a concrete, global and personalised approach to assessment and
reparation in order to assist the injured person’s rehabilitation
and reintegration into family, social and professional life
(Hamonet and Magalhães 2001; Magalhães and Pinto da Costa
2007). Indeed, this concept overlaps with the notion currently
proposed by the World Health Organization (WHO) in its
International Classification of Functioning, Disability and Health
(2004).
The general aim of personal injury assessment is to define –
in technical and scientific terms, and from a medical-biological

perspective and within a particular legal framework – any temporary or permanent injury or damage liable to prosecution
under criminal law and/or reparation, or which could entail
certain benefits (such as tax or social benefits) (Magalhães et al.
2010c).
As regards injury caused by third parties, the objective of
reparation has evolved over time, moving away from mere retribution for the damage inflicted towards a greater focus on the
rehabilitation and reintegration of the victim, whatever the
type or aetiology of the event. This evolution has occurred
naturally, not only as a result of policies aiming at the protection and promotion of human rights, but also for economic
reasons, given the socioeconomic costs of permanent consequences of trauma and diseases (i.e. by focusing on the victim’s
rehabilitation and reintegration, it aims to promote a faster
return to active life and, where possible, productive activity).
This principle of reparation applies to all kinds of traumas and
pathologies; hence, it makes no sense, at least from the scientific
point of view, for there to be different forms of assessment and
reparation in accordance with the facts that produced the injury
(Hamonet and Magalhães 2001). However, since the early 20th
century, almost all countries have proclaimed their agreement
with universal human rights, recognising citizens’ rights to
health, safety and integration (non-exclusion), based on the
fundamental right of equal treatment for all. Hence, the legal
systems of these countries usually provide means of reparation,
with a view to the social and professional reinsertion of their
citizens.
In more severe cases (where there are serious disturbances
to the person’s functioning, activities and participation), the
main aim of the assessment and reparation process should
be to help the victim to return to the kind of life he or she
had before the event, approached in a way that is not standardised but rather adapted to the particularities of their status
and situation. Thus, the recoverable losses should not be limited
to anatomical-physiological sequelae, but should also include
the multiple consequences of the event upon the victim’s
daily activities, affective and family life, and professional situation. The essential acts of life are not limited to satisfying physiological needs; people have other aspirations, such as the need
to communicate, acquire knowledge and engage in pastimes
and leisure activities, all of which should be taken into account.
The objective of all personal injury assessment and reparation
procedures should be to try to reduce the damage incurred
with a view to improving the victim’s physical, mental and
social wellbeing, reintegration into family, social and professional life, and general quality of life (Hamonet and Magalhães
2001). In other words, injury assessment in such cases should
proceed in a way that is fair and appropriate to the victim’s real
needs, taking into account the two fundamental principles
enshrined in most legal systems of the world: that everyone
fully enjoys the same rights, and in the case of personal injury,
the aim should be to return the victim to the situation they
would have enjoyed had the injury not occurred, as far as that
is possible.
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67.3 General aspects for forensic
medical assessment
67.3.1 Role of the forensic medical expert
The medical expert’s function is to fulfil the aims of the expert
report as impartially and objectively as possible, presenting
complex notions in terms that magistrates, lawyers, insurance
company professionals, as well as the victims, may understand,
so that decisions concerning the application of sanctions or the
granting of reparation and/or state benefits are based on properly grounded and comprehensible expert information (Anciaux
and Attanian 1993; Rogier 1993).
In the exercise of their functions, the medical expert has full
autonomy over his or her scientific appreciation, and is responsible for drawing up the expert report (though this may include
the opinions of other specialists). This autonomy is fundamental to ensure that the expert does not feel constrained in formulating the conclusions considered most appropriate to each
case. Indeed, the person performing the evaluation is in the best
position accurately to assess the damages incurred as he or she
was the one who most closely observes the victim and analyses
the case. This circumstance naturally brings great responsibility,
although it is common, and indeed desirable, for the opinions
of other specialists to be heard where possible, and for the most
complex cases to be discussed in departmental meetings prior
to submission of the report (Magalhães et al. 2008).
However, the expert should respect the norms, models and
methods legally in force in the country or state in which he or
she is practising, as this is the only way to achieve any kind of
harmonisation of expert services and ensure equitable treatment in similar situations. This harmonisation is fundamental
in order to warrant good administration of justice and does not
in any way curtail the technical or scientific freedom of these
experts, nor prevent them from giving full rein to their professional capacities (Magalhães et al. 2008).

67.3.2 General methodology for personal
injury assessment
The same forensic medical examination methodology should
be used in all kinds of personal injury assessment situations,
irrespective of the branch of law under which it is taking place,
although there may be differences in the discussion and conclusion sections of the final report in accordance with the scope
of law in which the expertise is performed (e.g. criminal, civil
or labour law). For this reason, it is essential to know the rules
and objectives of the law that governs each type of expert activity and to be aware of the implications that the expert report
may have on the judicial decision.
Particularly in post-traumatic cases, the expert must be able
to understand the full impact of the trauma upon the injured
party, considering:
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• Its type.
• The victim’s experience of it (in the peri- and post-traumatic
periods).

• The injuries resulting from it (even if there is not necessarily
a direct correlation between their severity and the seriousness of the consequences of the trauma).
• The perception that the person has of the event and its
consequences.
This latter perception is related not only to the resulting personal injury, but also to the justice system, and to personal
factors, such as previous experience of other traumatic situations, former health status, consumption habits, cultural and
religious characteristics, the victim’s responsibilities, and his
or her resilience and motivation for rehabilitation/reinsertion
(Magalhães 1998; WHO 2004). Finally, the consequences of
trauma also depend on environmental factors, which constitute
physical, economic, family, social and even cultural contexts
that may influence (positively or negatively) both the consequences of the trauma and the handicaps resulting from it
(Magalhães 1998; WHO 2004).
In order to assess the damage in the most global and
personalised manner and promote concrete and integral
reparation in a way that is as closely aligned with the victim’s
worldview as possible, the expert should consider the person
as a whole, rather than as the sum of his or her body parts,
including capacities/functions and life situations/participation
and activities. These three levels may be defined as follows
(Hamonet and Magalhães 2000; Magalhães and Hamonet
2001):
1. Body: biological aspects with their morphological, anatom
ical, histological, physiological and genetic particularities.
2. Capacities or functions: physical and mental capacities
(actual or potential), taking into account the person’s age
and gender, irrespective of the environment where they
live. These arise in the wake of the sequelae on the level of
the body and are influenced, positively or negatively, by
personal factors (e.g. age, previous physical and psychic
state, motivation and personal efforts at adaptation) and
environmental factors (e.g. architectural barriers, and the
need for technical or human assistance).
3. Life situations, or participation and activities: the confrontation (concrete or otherwise) between the person and the
reality of their physical, social and cultural environment.
These situations may relate to the activities involved in the
victim’s daily, family or social life, leisure, education, work
or others, within a framework of social participation. They
arise as a consequence of the sequelae on the level of the
body and its functions, and because of personal and environmental factors.
This three-dimensional approach, which analyses not only
bodily injury, but also the concrete functions and situations
that have been affected by the traumatic event or pathology, is
fundamental to the expert evaluation, enabling a better perspective of the losses but, above all, the needs of the person in
the light of what remains of his or her potential. In cases where
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the person’s functioning is seriously impaired, the following
notions are essential (Didier et al. 1988):
1. The most important thing is not what is lost but what
remains.
2. The real-life consequences (situational level) are relative,
depending not only on personal but also on environmental
factors, which means that it may be possible to reduce them
by altering the environment.
3. Quality of life depends on taking advantage of the remaining possibilities.
Hence, it is essential in personal injury assessment constantly to refer to the person’s environment and life context
(Magalhães and Hamonet 2000). In the light of this, it should
be possible to indicate interventions required in relation to the
person (e.g. treatment and rehabilitation) and to the individual’s environment (e.g. loved ones, housing, place of study, work
or recreation, transport or access to specially adapted services)
in order to reduce their hardships and limitations (Hamonet
and Magalhães 2001). This should help to promote the person’s
reintegration and autonomy, even in the most serious cases, and
where possible, stimulate a faster return to active life.
When there are important and serious handicaps (irrespective of the branch of law under which the investigation is taking
place), a descriptive multidisciplinary approach should be
taken, ideally performed in the victim’s own environment
(home and/or workplace), and should include a forensic
medical assessment as well as an evaluation of the victim’s
degree of dependence and need for specialised helpers, always
bearing in mind his or her remaining capacities and autonomy
with and without technical assistance. Dependence may be relative to different kinds of needs (Magalhães and Vieira 2008):
1. Medicinal aid: this corresponds to the constant need for
regular medication (e.g. painkillers, anticonvulsants or
antiepileptic drugs) without which the victim would not
be able to overcome his or her difficulties in terms of functions and daily life situations.
2. Regular medical treatment: this corresponds to the regular
use of medical treatments to prevent the recurrence or
aggravation of sequelae (e.g. physiotherapy).
3. Technical aids: these refer to the constant need for technology in order to prevent, attenuate, neutralise or compensate
for personal injury (from the anatomical, functional and
situational perspectives), with a view to obtaining autonomy and independence in daily life activities; this may
involve technical aids for physical damages (impairments),
or for functional or situational damages (disabilities).
4. Adaptation of the home, workplace or vehicle: this corresponds to the need for technology on the level of architecture, furnishings or equipment, so as to permit the victim
to perform daily activities which they would otherwise be
unable to do, thereby losing autonomy and independence.
5. Third-party assistance: this corresponds to human assistance for the victim that has become dependent, to complement or substitute a particular function or daily life
situation.

Third-party dependence should be characterised relative to
the following (Magalhães and Vieira 2008):
1. Type of assistance required in accordance with the necessary
social-professional category (professional or otherwise).
2. Number and type of third parties required, their qualifications and functions.
3. Type of interventions (at home or outside).
4. Type of activities envisaged (e.g. monitoring of vital functions, administration of therapy, hygiene, dressing, feeding).
5. Site of interventions (e.g. home or adapted establishment).
6. Degree of assistance required (e.g. monitoring, encouragement, complementary care or total replacement).
7. Duration and frequency/timetable of interventions (i.e.
number of hours per day).

67.3.3 Forensic medical report:
general aspects
The expert evidence is presented in the form of a report which
describes the findings of the examination performed and interprets those findings, drawing properly supported conclusions.
The report should comply with specific norms (Boróbia 2006)
to fulfil its purpose completely, which will vary in accordance
with the branch of law in which it is taking place.
The report contains two fundamental parts:
1. The identification and description of the damages incurred
(temporary and permanent), based on an interview, documental evidence, physical examination and ancillary exams
performed.
2. The interpretation and valuation of the findings, and conclusions drawn (fully substantiated).
The following should be borne in mind when preparing an
expert report of this type (Magalhães et al. 2008):
1. The damages should be described in a way that is clear,
rigorous, objective, detailed, systematic and comprehensible to non-medical practitioners (though medical terminology should nevertheless be respected, particularly as
regards the established anatomical and traumatological
nomenclature).
2. Sources of information should always be given.
3. The concepts used should always be defined, as there is a
lack of consensus regarding many of them (particularly
some of the parameters of damage), even within the same
professional area.
4. Methods and instruments used for the assessment (e.g.
scales, tables) should be duly identified.
5. The method used for the identification and description of
damage should be generally the same, irrespective of the
legal framework involved.
6. The specific aspects of the evaluation relative to each
branch of law are only considered in the discussion and
conclusion sections of the report.
In most legal contexts, the report carries great weight as
evidence, conferring responsibility upon the medical expert.

CHAPTER 67   PERSONAL INJURY ASSESSMENT

Hence, the expert must be very demanding with regard to the
content and quality of the message transmitted in the report
to the other professionals that will go on with the case. This
message should enable the unequivocal reconstitution of all
that was observed by the expert in order to enable the case to
be discussed in full detail, particularly when there are contradictions or other circumstances (Magalhães et al. 2008).
A model of the personal injury assessment report may
include the following chapters, corresponding to the different
phases of the procedure: ‘Introduction’, ‘Information’, ‘Present
state’, ‘Discussion’ and ‘Conclusion’ (Magalhães et al. 2010c).
The ‘Introduction’ identifies the case in question and the
victim, and should also include the type and date of the forensic
medical examination.
The chapter ‘Information’ may include a ‘History of the
event’, ‘Documental data’ and ‘Past medical history’:
1. History of the event: this describes the trauma and its consequences, based on information provided by the victim or
whoever is representing them. This part is essential to
understand the experience of the trauma and to support
the damages to be attributed, particularly the most subjective. It should include:
a. date, place, mechanism, type and circumstances of the
traumatic event;
b. resulting injuries (general description, in accordance
with the information provided by the person);
c. medical establishments used, complications that arose
and treatment provided;
d. date of hospital discharge, and of outpatient
consultations;
e. date of return to work, or other circumstances, such as
change in professional activity or retirement.
2. Documental data: this describes the information given in
the clinical records, fundamental for a precise understanding of the injuries suffered and treatment provided, particularly when there has been some time lapse since the
event and when the expert did not observe the initial injuries. A timeline should be provided showing the relevant
data, avoiding transcriptions but always indicating the
source of the information. It is important to include:
a. the date of the traumatic event;
b. resulting injuries (described in an ordered fashion,
going from top to bottom, left to right, and outside in,
making use of all clinical records and mentioning any
discrepancy that might exist between them);
c. the medical establishments where assistance was provided, complications that arose and treatments given;
d. date(s) of hospital discharge;
e. outpatient consultations (e.g. specialties, institutions,
treatments, ancillary examinations performed and
period of consultations with reference to discharge
dates);
f. damage parameters valued by other experts, where relevant. It is important to correctly transcribe dates, and
to make reference to any aspects that offer a perspec-
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tive on how the clinical condition has evolved and its
repercussions upon the activities of the victim.
3. Past medical history: this describes any pathological and/or
traumatic personal antecedents that could be relevant or
influence the final outcome of the permanent consequences
relative to the case under analysis (based on information
provided by the victim and/or in the clinical files); it may
include family pathological antecedents, if relevant. This
aspect is essential to determine the causal nexus between
the trauma and the damage, as it involves an analysis of the
person’s state prior to the trauma.
The chapter ‘Present state’ should include ‘Complaints’,
‘Physical examination’ and ‘Ancillary examinations’:
1. Complaints (Magalhães and Hamonet 2001): if the examination is based on the three-dimensional method of
damage description, the complaints may be listed in terms
of the effects of the trauma upon the person’s functions
and life situations. There are multiple human functions,
but the most common and relevant include:
a. carriage, displacement and transfer;
b. manipulation and grip;
c. communication;
d. cognition and affectivity;
e. sphincter control;
f. sexuality and procreation.
Life situations are unlimited, but the most significant
damage should be described, in accordance with the following aspects:
a. acts of daily living;
b. affective and social life, and leisure activities;
c. professional life or training.
As in most cases these aspects are described by the victim,
it is important that the interview be guided and systematic,
with frequent use of open questions that do not condition
responses. In the case of people with severe handicaps, a
detailed description of these complaints is essential, focusing on (for each level relevant to the case) the degree of
difficulty observed in performance of a particular function
or situation.
2. Physical examination: the damage itself is described in the
‘Body’ level. The medical examination should begin with
the person’s general state, followed by a rigorous guided
description, indicating all the characteristics of the injuries
or sequelae (Magalhães et al. 2010c):
a. type, for example, ecchymosis, excoriation or lacerations (in the case of acute injuries); dysmorphia, dysmetria, muscular atrophy, limitation of joint amplitude
or stability, limb axis deviation or rotation, loss of
segment or organ, disturbances of strength, sensitivity
and equilibrium (in the case of sequelae);
b. precise location;
c. colour (if relevant);
d. exact size (e.g. measuring dimensions or degrees and
comparing with the contralateral side, in the case of or
thopaedic or neurological permanent consequences).
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Reference should also be made to any alterations arising
from a previous state.
The following body regions should be considered in the
examination (Magalhães and Hamonet 2001):
a. skull;
b. face;
c. neck;
e. spine and spinal cord;
f. thorax;
g. abdomen (including pelvic contents and perineum);
h. superior limbs;
i. inferior limbs (including pelvic bone).
It may be necessary to photograph the injuries to complement these observations. The photographs that accompany the report should be mentioned in the text and contain
scales that enable the size of the injuries/sequelae to be
estimated. They should also give an idea of how the injuries/
sequelae look in the context of the whole body (e.g. a series
of photographs from the general to the particular may be
required). These photographs should only be taken with
the victim’s formal permission (Magalhães et al. 2010c).
3. Ancillary examinations: this section describes the conclusions of examinations requested by the expert, including
the date and place where they were performed (e.g. orthopaedic or ophthalmic examination, report of imaging or
electrophysiological tests).
The chapter ‘Discussion’ should focus on the causal nexus
between the trauma and the injury, and if such a nexus is
admitted, define the date upon which the injury was deemed
as having cured or consolidated from the forensic medical point
of view. In this chapter, the various injuries should also be
discussed in the light of the law underpinning the specific
assessment.
The ‘causal nexus’ corresponds to the relation of imputability (i.e. total or partial, direct or indirect) between a trauma and
an injury. It is important to bear in mind the various assumptions involved in its valuation:
a. consistency between the type of injury or sequelae and
a concrete event/aetiology;
b. consistency between the type of aetiology and type of
injury or sequelae incurred;
c. consistency between the site of the trauma and the site
of the injury or sequelae;
d. anatomical-clinical consistency between the trauma
and injury or sequelae;
e. temporal consistency between the event, injury and
sequelae;
f. exclusion of the possibility that the injury or sequelae
may have pre-existed;
g. exclusion of the possibility that the injury or sequelae
may have been caused by a mechanism other than the
event.
The causal nexus is considered partial or indirect when there
is another associated cause, usually relating to a previous state.

In these cases, the trauma due to the event in question may
trigger a pre-existing clinical condition or accelerate or aggravate its evolution (Vieira and Corte-Real 2008).
The ‘cure’ corresponds to the moment when the injury is
deemed healed without there having resulted in any sequelae
(restitutium ad integrum), while ‘consolidation’ is the moment
after which no further significant clinical development may be
expected in terms of sequelae, corresponding to the end of the
period of temporary damages (Magalhães et al. 2010c).
The valuation of different aspects of the damage or injury
may be divided into two moments: period of temporary damage
and period of permanent damage (Magalhães et al. 2010c). The
parameters of damage to be described in this chapter may vary
according to different branches of law, different legal systems
or different legal medicine organisations.
The chapter ‘Conclusions’, when definitive, should not be
long. It usually consists only of the reference to the existence or
inexistence of a causal nexus, the date of cure or consolidation,
and the various parameters of the damage mentioned and substantiated in the ‘Discussion’ section. Unfortunately, it is not
uncommon for the body requesting the report to read only the
conclusion, with prejudice to a correct interpretation of the
whole. Thus, to avoid major problems, the medical expert
should take care that the conclusions thoroughly describe the
injuries incurred by the person as a consequence of the traumatic event (Magalhães et al. 2008).

67.4 Specifics of forensic
medical reports for personal
injury assessment
The medical expert should study, describe, interpret and value
the specific damages covered by the branch of law and the legal
system in which the evaluation is taking place. These may generally be described in the way laid out below (adapted to suit
the particular case).

67.4.1 Forensic medical report under
criminal law
Examinations performed in the sphere of criminal law mostly
involve offences to physical integrity (e.g. assaults or road accidents) and physical abuse (e.g. domestic violence). The main
objective of the examination is to help the public prosecutor or
judge affirm or deny the existence of personal injury corresponding to a specific legal type of crime, by means of a technical and scientific analysis (Magalhães et al. 2010b).
Thus, it should involve a detailed description of the injuries
and their consequences for the victim (e.g. their nature and
extent, the effects on the victim’s body and health or any danger
to life that might exist) and provide information about the
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influence of the agent’s conduct in producing the result, the
number of days required for cure or consolidation, the nature
of the instrument(s) used to produce such injuries, and the
correspondence between the alleged criminal practice and the
result (Magalhães et al. 2010b; Oliveira et al. 2010). In this case,
the injuries may be described and valued taking account of the
terms of the respective criminal code in the country where the
event took place, with a full justification given in the ‘Discussion’ chapter.
However, victims may also be entitled to reparation for injuries incurred in events liable to criminal prosecution. In such
situations, the aim of the assessment may be not to assist the
decision regarding the type of crime, but rather to describe the
respective damage (temporary and permanent) liable to reparation. From this perspective, the valuation of damage in the
‘Discussion’ chapter and the reference to them in the ‘Conclusion’ may follow the methodology usually used in civil law.

67.4.2 Forensic medical report under
civil law
Examinations performed in the ambit of civil law involve
mostly the assessment of damages resulting from road accidents, and, less frequently, from assault, among others. The aim
is to help define the reparation to be awarded in each case,
taking account of the various kinds of damage liable to reparation. Thus, for the effects of assessment and reparation,
two types of damage are usually considered: economic and
non-economic.
Economic damage corresponds to the real consequences of
the injury upon the victim’s financial situation. It refers to those
damages that are liable to objective assessment and pecuniary
reparation, such as expenses and loss of earnings (temporary
or permanent) directly due to the event, and may be classified
as quantifiable (temporary damage) or equitable (permanent
damage). It covers losses that may be repaired, if not directly
(through the natural restoration or reconstitution of the situation existing prior to the injury), then at least indirectly (by
means of the equivalent or pecuniary reparation). The economic consequences of the injury should be repaired as completely (Boróbia 2006) and objectively as possible by means of
an exhaustive calculation of the real temporary and permanent
losses (Lambert-Faivre 2004). In some countries, permanent
impairment tables are used, although in several others this is
not considered advisable as they are considered as arbitrary and
fictitious, failing to reflect the victim’s real situation.
Non-economic damages are those that cannot be assessed in
pecuniary terms because they affect intangible assets that do
not form part of the victim’s estate. Hence, they can only be
compensated by means of a pecuniary obligation imposed on
the person responsible for the harmful event, constituting a
form of compensation rather than indemnity. These involve
matters relating to the person’s health, wellbeing, freedom,
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beauty, physical perfection, honour and good name; thus, they
cover consequences that are physical (e.g. certain kinds of pain
and the reduction of functional potential), psychic and aesthetic, analysed generally and independently of economic
losses. The non-economic consequences of personal damage
are described (as far as possible) in the forensic medical report,
and depending on their severity (established by the physician),
may give rise to compensation. Some of the non-economic
damages are quantified based on permanent impairment tables
(e.g. American Medical Association Table (Rondinelli 2007) or
Guide Barème Européen d’Évaluation Médicale des Atteints à
l’Intégrité Physique et Psychique (Pierre et al. 2010)).
The injury or damage may be described and quantified in
the report as temporary and permanent, bearing in mind that
this may vary in accordance with the legal system and forensic
organisation of the country in question. The damages listed
below are those stipulated by the European Confederation of
Experts in Bodily Damage Assessment (CEREDOC), which are
more or less consensual in most countries of Europe and South
America (though with some variations which should always be
taken into account) (Vieira 2003). The terminology used in
different countries to refer to various kinds of damages may
also vary considerably, as efforts have not yet been made to
standardise them.
The period of temporary damages includes total temporary
professional repercussion, partial temporary professional
repercussion, total temporary functional deficit, partial temporary functional deficit and quantum doloris (Magalhães and
Vieira 2010).

Temporary total professional repercussion
This is an economic injury corresponding to the period in
which the victim is entirely unable to carry out his or her usual
professional activity. It is also assessed in days, based on the
clinical records (e.g. health services, insurance company),
concrete clinical condition, information provided by the
victim or his or her representative, his or her usual profession,
and the expected period of recovery. If the clinical records
do not provide enough information to estimate these periods,
the expert may make use of tables, such as those by Ramírez
(1996) or Pérez (2006). In the case of students, mention
should be made of the period in which their education is interrupted. With regards to people with subsistence activities, the
report should mention the period in which those activities
were affected. There may be various periods of total deficit
alternating with periods of partial deficit (e.g. intermittent
hospitalisations).

Temporary partial professional repercussion
This is an economic injury corresponding to the period
in which the victim has begun to resume his or her usual
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professional activity, though with limitations. It is assessed
using the same criteria as before, without reference to rates
or points. It should be noted that periods of functional
deficit do not always coincide with periods of professional
repercussion.

Total temporary functional deficit
This is a non-economic injury and corresponds to the period
in which the victim is prevented from autonomously performing acts of daily, family and social life, without any reference to
his or her professional activity. It is quantified in days and
coincides with periods of hospitalisation and/or of total rest. It
is determined on the basis of the clinical records (which indicate the periods of hospitalisation and bedrest at home, with
dependence upon third parties for daily life activities), information provided by the victim or his or her representative, and
assessment of the concrete clinical condition (which should
enable the expected recovery period to be defined). If the clinical records are insufficiently informative, the tables mentioned
above may be used. There may be various periods of total deficit
alternating with periods of partial deficit.

Partial temporary functional deficit
This is also a non-economic injury and corresponds to the
period in which the victim may resume activities of daily, family
and social life with some degree of autonomy, though still with
limitations. It is assessed using the same criteria, without reference to rates or points.

Quantum doloris
This is a non-economic damage which corresponds to the physical and psychic suffering experienced by the victim during the
period of temporary damages. This is valued by means of
medical interview designed to gauge the victim’s subjective
experience of the trauma (peri- and post-traumatic circumstances). The following valuation criteria should be taken into
account:
• Type of trauma and its circumstances.
• Type and nature of injuries incurred and treatment given.
• Length of hospitalisation.
• Medical and surgical complications.
• Duration and complexity of functional rehabilitation
period.
The victim’s feelings during this period should also be considered (such as anguish, anxiety, fear, awareness of risk to life,
suffering through being away from family and professional
activities). It should be valued using a seven-point scale of
increasing severity (1/7–7/7). Use may also be made of tables
indicating the amount of pain corresponding to each damage
situation, such as the Thierry and Nicourt table. The value
attributed should always be well described and properly
justified.

With regard to permanent damages, these include permanent professional repercussion, permanent functional deficit,
permanent aesthetic damage, permanent repercussion on
sexual activity, permanent repercussion on sporting and leisure
activities, and dependences.

Permanent professional repercussion
This corresponds to the effect of the sequelae upon the victim’s
ability to exercise his or her usual professional activity (considering the concrete activity on the date of the event). The following situations may be found with regard to the sequelae:
• Compatibility with the victim’s professional activity.
• Compatibility with the professional activity, though requiring additional effort.
• Incompatibility with the victim’s professional activity,
though compatible with other professions in his or her area
of training.
• Incompatibility with the victim’s professional activity or
with any other activity in his or her area of training.
It therefore constitutes an economic damage to be repaired
objectively; hence, it must be substantiated by means of an
accurate detailed description of the related work issues. In this
case, recourse to a permanent impairment table is not advisable
because as an economic damage its concrete reparation is possible and, therefore, is not necessary to transform the medical
evaluation into an abstract or fictional estimate of the damage,
using rates or points.

Permanent functional deficit
This is a non-economic injury, often called ‘permanent impairment’, which corresponds to the definitive effects upon the
person’s physical and/or psychic integrity, with repercussions
on their daily life activities, including family and social life,
leisure and sporting activity, though it is independent of professional activities. It is assessed with relation to the individual’s
integral capacity (100 points or 100%), and may in some cases
involve total compromise of this capacity (e.g. vegetative state).
In valuing this damage, consideration should be given to cases
that may have resulted from a previous state. It cannot easily
be objectified as an economic injury hence it should be valued
in the same way for everyone, irrespective of their professional
or occupational activity, using medical permanent impairment
tables, while the compensation should be calculated on the
basis of standardised systems (e.g. reparation tables or the value
of the point). The permanent impairment tables are merely
indicative in character, and therefore the expert still needs
properly to justify the assessment made, particularly when this
differs considerably from the values stipulated. It must be thoroughly substantiated through an accurate detailed description
of the complaints and sequelae, and a description of the implications of it for the person’s autonomy and independence. In
cases where foreseeable damage is not yet observable, a ‘future
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damage’ may be anticipated (involving exclusively the aggravation of sequelae as part of the inexorable and logical development of the clinical condition); the expert should justify this
circumstance in the ‘Discussion’ part of the forensic report and
mention it again in the ‘Conclusions’. However, as it is not
always possible to foresee the evolution of certain sequelae
objectively and rigorously in terms of ‘future damage’, given the
multiple variables to be taken into account pertaining to the
victim (e.g. age, pathological states, types of activities), injuries
(type, severity and evolution) and treatment provided, in such
situations it is better to suggest a subsequent evaluation.

tify any organic cause of damage, the expert should pronounce
upon the plausibility of the complaints, based on the information already given and the experience of the trauma. It should
be described in the forensic medical report only with the victim’s prior permission. This damage is different from damage
to reproductive capacity, which should be valued in terms of
permanent effects on physical-psychic integrity. It may be
valued using a seven-point scale of increasing severity (1/7–
7/7), and must always be well described and justified. In some
cases, the damage resulting for the victim’s sexual partner also
may be considered.

Permanent aesthetic damage

Permanent repercussions on sporting and
leisure activities

This is a non-economic damage and corresponds to the repercussions of the sequelae upon the victim’s self-image and image
before others. The damage may be static (e.g. a scar) or dynamic
(e.g. lameness when walking), and account should be taken of
its prominence, the suffering caused to the victim (considering
age, gender, marital status and social-professional status), and
the possibility of recovery through surgery. The difficulties
resulting from the double subjectivity in this assessment (on
the part of the expert and the victim) may be overcome through
a detailed description of the sequelae with regard to their location, shape, size, prominence, texture, colour and number, and
by documenting them photographically (with the victim’s prior
permission) to enable them to be appreciated by the decisionmaker. Nevertheless, the assessment will have to be personalised
as similar damages may have different repercussions in different
cases. This damage may be valued using a seven-point scale of
increasing severity (1/7–7/7). The value attributed should
always be well described and justified.

This is a non-economic damage and corresponds strictly and
specifically to the impossibility of the victim engaging in certain
leisure or social activities which he or she does regularly and
which represents a clear source of personal fulfilment and gratification. This may be valued on a seven-point scale of increasing severity (1/7–7/7), and should always be well described and
justified.

Dependences
Dependences are related to the victim’s needs, with repercussion on his or her independence and autonomy. They should
be assessed along the lines mentioned above for people with
severe handicaps, taking into account his or her best chances of
rehabilitation and reintegration.

Permanent repercussion on sexual activity

67.4.3 Forensic medical report under
labour law

This is a non-economic damage, and corresponds to total or
partial limitation on the level of sexual performance/gratification
arising from the physical and/or psychic sequelae. It does not
include aspects related to procreation. This damage is frequently undervalued or not valued at all, partly because of the
overriding significance of other serious sequelae, but also due
to the preconceptions and reservations that still surround the
matter on the part of experts and victims. The expert should
give special attention to the conditions of the interview, content
of the account (e.g. type of trauma) and affective resonance,
victim’s age and prior state (e.g. diabetes, kidney or liver insufficiency, vasculopathies) and physical or psychological damage
incurred (trauma epiphenomena). This damage may be manifested through disturbances to the libido, discomfort, erectile
dysfunction or problems with ejaculation or orgasm. It is advisable for such complaints to be supported by ancillary examinations where possible. The assessment should take account of the
initial injuries, resulting complications and the results of the
ancillary examinations performed. If it is not possible to iden-

The examinations performed under labour law are almost
exclusively related to work accidents, so it is important to take
account of the concepts of the ‘work accident’, ‘workplace’ and
‘work time’, which may vary in accordance with each legal
system.
The aim is to help define the reparation to be awarded in
each case, considering the various kinds of damages liable to
indemnity. Many legal systems only really consider, in theoretical terms, the economic damage related to the loss of working
capacity, although, in reality, this damage may involve noneconomic aspects that are ultimately repaired as if they were
economic.
The report should describe and categorise these damages as
temporary or permanent, giving particular attention to their
repercussions upon the victim’s work and earning capacities.
The damages should be described, and in certain cases quantified, in accordance with the legal system and forensic organisation of the country. For example, the following damages are the
most consensual in Europe and South America, though with
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substantial variations which should always be taken into
account by the respective experts.
Regarding temporary injury, we can consider total professional temporary impairment, partial temporary professional
impairment, permanent impairment and dependences (Magalhães et al. 2010a).

Temporary total professional impairment
This corresponds to the period in which the victim is entirely
unable to carry out his or her usual professional activity. It is
assessed in days, based on the clinical records (e.g. health services, insurance company), concrete clinical condition, information provided by the victim or his or her representative, and
upon the demands of the profession. If the clinical records do
not provide enough information on this matter, this damage
may be assessed based on the average period of impairment
expected, taking account of the clinical condition, its normal
evolution to cure or consolidation, the type of profession in
question, and tables providing estimates of these periods, such
as the Ramírez (1996) or Pérez (2006). With some clinical conditions, there may be various periods of total temporary professional impairment, resulting from complications, relapse,
recurrence or surgery (such as for the extraction of osteosynthesis material).

Temporary partial professional impairment
This corresponds to the period in which the victim has begun
to resume his or her usual professional activity, though with
limitations. It is also assessed in days, based on the clinical
records, concrete clinical condition, information provided by
the victim or his or her representative, and upon the demands
of the profession. If the clinical records do not provide enough
information on this matter, the expert should proceed in the
manner described above. However, the periods and rates of
impairment attributed by the physician that has accompanied
the victim are usually accepted, as it is difficult for the expert
retrospectively to assess these accurately and rigorously.

datory in some legal systems. This option is not consensual
because, as mentioned above, the professional repercussion
aspect may be assessed and repaired in a concrete fashion, so
the application of tables becomes a mere abstraction that often
makes the assessment and reparation unjust. In fact, the application of tables is only justifiable in the case of non-economic
damages.
In order to ensure maximum rigour in assessing the damages
resulting from work accidents, guaranteeing the victim’s rights
and ensuring jurisdictional appreciation, the process set up for
this effect should contain the following components:
• Professional inquiry, particularly into the individual’s work
history.
• Analysis of the job, with characterisation and quantification
of the professional risks involved, whenever technically possible (this is to establish and quantify the causal agent in the
work accident).
• Clinical history, with mandatory reference to relevant
medical and surgical antecedents.
• Appropriate ancillary examinations.
In cases where total permanent impairment for usual work
is attributed, account should be taken of the injured party’s
residual functional capacity for another profession compatible
with that incapacity, in the light of his or her age, academic and
professional qualifications, and the possibility of professional
integration. Permanent impairment for another profession
compatible with that incapacity should also be assessed. In the
valuation of permanent impairments, it is important to bear in
mind questions relating to the injured party’s prior state and
its possible aggravation or repercussion on the injury under
appreciation. This may be considered in another way by the
labour legislation in different countries.

Dependences
Dependences are related to the victim’s needs, with repercussion in his or her independence and autonomy. They should be
assessed along the lines mentioned above for people with severe
handicaps, taking into account his or her best chances of rehabilitation and reintegration.

Permanent impairment
Theoretically this corresponds to the loss of work capacity as a
result of one or more dysfunctions, as final sequelae of the
initial injuries, with total dysfunction understood as the total
permanent impairment for any kind of work. There may be
different levels of permanent impairment: partial permanent
impairment, total permanent impairment for one’s usual work,
and total permanent impairment for any kind of work. Permanent impairment is determined by taking account of the global
sequelae of the particular case (e.g. body, functions and life
situations, with particular emphasis on professional activity).
In some countries, these sequelae are quantified using the published permanent impairment tables in force, and may be man-

67.4.4 Forensic medical report under
administrative law
As well as the three different areas of personal injury assessment
described above (clearly integrated in many countries within
legal medical expert activity), there is increasing demand for
expert assessments in the field of administrative law, given the
various supports and benefits granted by the state. These assessments occur in the context of social insurance, fitness for duty,
disability evaluations, among others, and vary greatly from
country to country in their principles and objectives. In most
cases, they are outside the domain of forensic medicine, despite
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the fact that they clearly constitute legal medical acts. Without
prejudice to the methodology described above for a complete
assessment, the expert should always bear in mind the specific
aims of the situation in hand and the methodological rules in
force in the country where this is taking place.

67.5 Conclusions
All the expert activity developed in the sphere of forensic clinical medicine is encapsulated in the expert’s report which,
though not absolutely binding for the decision-maker, nevertheless carries considerable weight in the decision-making
process. Thus, the medical expert has a great deal of responsibility, and an inaccurate comment or reference may have significant repercussions upon the final decision. Indeed, the
consequences of a criminal and/or reparation process may profoundly affect the equilibrium of those that see it as the last
chance to obtain justice that may otherwise be denied them
(Magalhães et al. 2008).
Thus, it is important for the expert to listen attentively and
try to understand the victim’s experience of the post-traumatic
period and his or her complaints, persistently seeking out information regarding the case, observing the clinical records in
detail and with caution, performing thorough and careful
examinations, accurately describing all the information
obtained and observations made, and grounding final conclusions with objectivity and scientific rigour. It is also important
to request and accept any pertinent advice and suggestions
from experts with different opinions, and to know how to use
the time that the process requires without undue haste, though
without delaying too long in sending the report – for while the
process remains unsettled, the victim may suffer deprivations
that could be reduced by the timely application of the justice
he or she deserves (Magalhães et al. 2008).
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confirmatory tests 53–4, 168–9
definition 52
diagnosis 52–3, 54
UK criteria 168–9
drowning 412
hypoxic 367, 369, 371
neuropathological findings 313
brain injuries 272–5, 275, 276
boxing-related 301
children 304–8, 707–9, 708
pathophysiology 711–13, 712
closed 298–301, 300, 301
compression 712, 713
contrecoup lesions 274, 275, 289, 299
contusions 273, 275, 276, 300–1, 301
children 305–6
microscopic findings 301
survival time 301–2
cortical haemorrhage 298–300, 300
diffuse axonal injury 274, 290
impact (acceleration/deceleration)
injury 711–12
intracerebral haemorrhage 301, 301
intracranial haemorrhage see intracranial
haemorrhage; and specific types
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crush-tear injuries 215
CT see computed tomography
cultural issues
farewell procedures 164
religious objections to autopsy 154
taboos 162–3
cupping 260
cyanides 957–8
poisoning 69, 460, 461, 957–8
lividity 80
respiratory toxicity and exposure
threshold 962
stability 881
cyanoacrylate fuming 1144, 1144
cyber mobbing 753
cyber-stalking 746–7
cycle of violence 748
cyclohexane 962
cyclo-oxygenase 249
cyclopyrrolones 583, 583
cytokines 248–9, 249
dactyloscopy 1132
Dalton’s law 429, 430
data handling 1223
data protection 1219
databases 1231–2
date rape 837
Datura stramonium (thornapple/Jimson
weed/angel’s trumpet) 964–5, 966
De relationibus medicorum 9
De renunciatione vulmerum 10
death and dying 49–56
agonal period 49–51, 50
brain death 52–6
determination of death 51–6
informing next of kin 161
manner of death 65–7, 66, 163
pronouncement of death 161
time of death see time of death
uncertain signs of death 51, 52
see also death certificate
death certificate 51, 57, 139, 140
cause of death 58–61, 59, 61
autopsy findings 64–5
statistics 61–4, 62, 63, 64
completion of 73
errors in 63, 64, 67
in-custody deaths 536–7
manner of death 65–7, 66
terminology 58
death on operating table (exitus in
tabula) 553–6
complications 556
occupational groups 555
type of intervention 555
decapitation 255
Declaration of Helsinki 167
Declaration of Human Rights 18
decollement 215

decomposition 93, 94
CT imaging 156
in grave (saponification) 96–7, 96
see also putrefaction
decompression illness 431
decompression sickness 430–1
decubitus ulcers in elder abuse 768–71
differential diagnosis 769
grading 770
defence injuries 263, 263, 282
forearms/hands 320, 321
shooting incidents 359
defibrillation marks 123
deficiency of will 1211–12
dehydration 254, 500–2
elder abuse 771
vitreous humour pattern 502, 502
delirium, excited 534–5
delta sign 155
delta-9-tetrahydrocannabinol (THC) 583,
584–5, 919–22
absorption 920
distribution 920–1
and driving fitness 1048, 1050
elimination 921–2
metabolism 897, 919, 921
plasma concentrations 920
stability 876
toxicological analysis 1082, 1084
dementia 63
Demirjian’s stages of third molar
mineralisation 795–6, 796
dendrites, staining methods 289
Denmark
no insanity defence 821
presentation of psychiatric evidence
818
statutory limits for alcohol levels
1063
dental age estimation
adolescents 795–7, 795–7
Demirjian’s stages of third molar
mineralisation 795–6, 796
dental charts 1193–5, 1194, 1195
dentistry see forensic odontology
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drivers’ licences 1041
driving fitness 1036–43
driving performance 1041–2
patient education 1042
treatment 1036–43
insulin 1040
new agents 1040–1
oral agents 1040
diabetic coma 633–7, 633
glucose 634, 635
haemoglobin HbA1c 635
ketone bodies 570, 571, 635–6
lactic acid 634–5, 636
urine examination 636
diabetic foot 1039
diabetic ketoacidosis, acetone/isopropanol
blood levels 914
diabetic nephropathy 1038–9
diabetic neuropathy 1039
diabetic retinopathy 1026–7, 1038–9
diacetylmorphine see heroin
Diagnostic and Statistical Manual of Mental
Disorders (DSM) 815
diapedetic haemorrhage 237
diatom test for diagnosis of
drowning 421–3, 421, 422, 423–4
diving accidents 437
false positives 422
sample preparation 423
1,8-diazafluoren-9-one 1144
diazepam
chemical structure 937
and driving fitness 1090, 1091
metabolism 938
pharmacokinetics 934
toxicological analysis 1083, 1084
dichloromethane 962
dicobalt edetate 849
diethyl ether 931, 960
respiratory toxicity and exposure
threshold 962
diethylene glycol 914–15, 960
metabolism 906
toxicity 906
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homonymous hemianopsia 1030
homosexuals, violence against 757–60
characteristics 757–8
statistical problems 758–9
‘honour killings’ 209
HOPE (Heart Outcomes Protection
Evaluation trial) study 1014
hormone antagonists 973
hormones, in doping 973, 976
hospitalisation on psychiatric grounds
819
duration of 819
hospitals
forensic security 824
unexpected deaths in 68
hot-air balloon accidents 1130
HSPG 245, 250
human biomonitoring values 948
human papillomavirus 695
human remains
display of 1232–5
PMI see postmortem interval
recovery of 172–5, 173, 174
use without explicit consent 1235–6
see also corpses
human rights 18–33
ad hoc and permanent tribunals 19
autopsy protocols 22–3
clinical forensic examinations 23
courts 19
exhumations and autopsies 19–21
expert witnesses 25
forensic documentation 23–5
forensic observers/inspectors 21–2
international expert network 26
legislation 18
torture see torture
training and research 25–6
humerus fractures 731
Hungarian red 1144
hunting accidents 360
hydrocarbons 958–9
aliphatic 958
aromatic 958–9
chlorinated 959
hydrocephalus 285–6
children 306
hydrochloric acid 460
hydrocodone 944
toxicological analysis 1083
hydrocyanic acid 70, 460
hydrogen cyanide see cyanides
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hydrogen sulphide 958
poisoning 69
lividity 80
respiratory toxicity and exposure
threshold 962
toxicity 958
hydromorphone 945
toxicological analysis 1083
hydroxizine, and driving fitness 1093,
1094
hydroxocobalamin 849
5-hydroxyindolylacetic acid 1100, 1101,
1102–3
5-hydroxytryptophol 1100, 1101, 1102–3
hymen 685, 686
abnormalities 688–9, 692
hyoid bone, dissection of 378, 378, 380
hyperacute cervicomedullary syndrome
711
hyperglycaemia 1037
hypertension, in diabetes 1039
hypertensive heart disease, and traffic
accidents 1118
hyperthermia 254
definition 465
and SIDS 653
hypertrophic cardiomyopathy 600, 611
and sudden infant death 664
hypnotics see sedatives and hypnotics
hypobaric hypoxia 372, 411
hypoglycaemia 633, 636–7
in diabetes 1037–8
and driving 1041–2
factitious 637
and traffic accidents 1119
hyposphagma 381
hypostasis 79–80, 79, 79
drowning victims 414
hypothermia 50, 225, 254
clinical phases 469, 470, 470
cold water immersion 412–13
criminal aspects 474–5
epidemiology 469, 471–2
frost erythema 256, 472, 473
integrating chart for casework 105
localised 471–2, 471
morphological/biochemical
changes 472–4, 472
blood colour 472
core muscle haemorrhages 474
gastric mucosal haemorrhages 472,
473, 474
lipid accumulation 474, 475
lividity 80, 472
pancreas changes 474, 474
pathophysiology 468–9
duration of cold exposure 468–9
final cause of death 469
temperature regulation 468, 469
peripheral cold injuries 471

postmortem biochemistry 641
signs and symptoms 470
undressing/hide and die phenomena
471
hypoventilation 371–2
in children 706
hypovolaemic shock in children 706
hypoxia 222
alternobaric 372
of ascent 431
children 310, 310
divers 431–2
hypobaric 372, 411
normobaric/hyperbaric 372, 409–11, 410
hypoxic brain death 367, 369, 371
see also asphyxiation
hypoxic ischaemia, and subdural
haemorrhage 721
hypoxic sensitivity 371
hypoxyphilia 377
iatrogenic maternal death 522–3
ibuprofen 584, 587
ICAM-1 245, 249
identification of corpse see victim
identification
identifying features 141
identity SNPs 1162–3
idiomuscular pad 76, 76, 101
idiopathic thrombocytopenic purpura
735
illegal drugs 833–4, 918–32
and driving fitness see driving under
influence of illegal drugs
screening for see drug screening
see also drug addiction; opioids;
toxicology; and specific drugs
imaging see forensic imaging; and specific
techniques
imipramine, and driving fitness 1092,
1092
immediate death (within minutes) 218–22
immersion time 109, 440–3
minimal, estimation of 441, 442–3
validity and reliability 443
water temperature and putrefaction 440,
442, 442
immunisation, and SIDS 657
immunoassay 868, 869–70
immunohistochemical markers of wound
age 245
immunohistology, wound age
estimation 245
impact (acceleration/deceleration) brain
injury 711–12
impedance 478
implantable cardioverter
defibrillators 1015–18
risk of arrhythmia occurrence 1017–18
risk of arrhythmia recurrence 1015–16
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risk of harm to patients/
bystanders 1016–17
risk of syncope 1016
in-custody deaths 68, 528–30, 529
alcohol-related 573
death certificate 536–7
investigation of 535–6
inborn errors of metabolism, screening
for 722
incapacitation after shooting
incidents 342–4
incidence 1044
inductively coupled plasma mass
spectrometry 868
infanticide 206, 504–15
autopsy 508
sample taking 511–13, 512, 513
birth-related changes 508–9
causes of death 511
diagnosis 504, 505
duration of life 508–9
history 504
incidence 505
investigation of mothers and
neonates 507–13
proof of live birth 510–11, 510
viability and maturity 509–10, 509, 510
infants
causes of death 648
mortality 648
sudden unexpected death (SUDI)
647–77
see also children
infarction 63
infection 63, 227
infection screen 722
infectious diseases 162
inflammation 248
brain 287
influenza, pathological findings 618
informed consent see consent to treatment
inhalation 242
gases 218, 243
soot 242–3, 243, 244
inhalation trauma 453, 460
injuries 204
air embolism see air embolism
blunt force 217, 220, 254, 254, 258–82
chest 224–5, 224
definition 203
fat embolism 148
head 223
neck 147
postmortem see postmortem injuries
priority and order 562, 563
semi-sharp force 255
sequelae 216–28
sexual 148
sharp force 255, 313–23
see also specific injuries
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inquisitorial legal systems 814–15
insanity standards 819–21
insecticides 967–9
anticholinesterases 967–8
carbamates 968–9
organochlorines 967
organophosphorus compounds
968–9
pyrethroids 969
insects see forensic entomology; and specific
species
instantaneous death 217–18, 217, 218
insulin
in doping 976, 976
in treatment of diabetes 1040
insurance fraud 781–2
intellectual deficits, and driving 1003–4
intent 203–4
interaction behaviour 1003–4
Inter-American Court of Human Rights 19,
25
interleukin-1α 249
interleukin-1β 245
interleukin-6 245
interleukin-8 249
internal examination in forensic
autopsy 143–7
internal haemorrhage 219–21, 220, 221
International Commission on Missing
Persons (ICMP) 21
international courts 19
expert witnesses 25
International Crime Court 19
International Crime Tribunal of former
Yugoslavia (ICTY) 18, 19
International Criminal Tribunal for
Rwanda 19
international guidelines 34–45
autopsy standards 34–6
laboratory standards 36–7
Interpol Disaster Victim Identification
Forms 141
interstitial pneumonia 619
intervertebral disc haemorrhage 240
intimate partner violence see domestic
violence
intracerebral haemorrhage 301, 301,
621–3
causes 622
characteristics 622
diagnosis 622
shooting incidents 342
sites and sources 623
and traffic accidents 1119
intracranial haemorrhage 271–2, 272–5,
293–6, 294, 295, 296
contusion index 300
see also specific types
intracranial pressure, raised, in
children 706–7
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intracranial vessels
injuries to 296–7
mechanically induced alterations 297
intracranial volume 284–5
intramyocardial haemorrhage 490
intrathoracic pressure, raised 373–4
intravenous drug users 579, 579
ion trapping 860
Ireland, statutory limits for alcohol
levels 1062
iris, pharmacological excitability 78, 78
iron
deficiency 189
poisoning 848, 855
sample requirements 853
Iscan method of age estimation 181–3, 182
ischaemia, in children 309–10, 309, 310
permanent global 312–13, 312
ischaemic heart disease 600–5, 602–5
coagulative myocytolysis 604
contraction band necrosis 603, 607
evolution of infarct necrosis 604
infarct size 601
polymorphonuclear leukocytes 602–3,
603
postinfarction cardiac rupture 605, 606
and traffic accidents 1118
wavy fibres 603
ischaemic ulcers 769
ischiopubic ramus 178, 178
ISO/IEC 17025 37–44
clinical forensic medicine 44
forensic DNA laboratories 37–9
accommodation and environmental
conditions 38
analytical testing, calibration and
validation 38
documentation 36
measurement traceability 38
personnel qualifications 37–8
quality assurance 38
reporting results 38–9
samples 38
forensic pathology 43–4
forensic toxicological laboratories 39–43
accommodation and environmental
conditions 40–1
analytical testing, calibration and
validation 41
documentation 43
personnel qualifications 39–40, 39–40
quality assurance 42
reporting results 42–3
samples 41–2, 42
isobutanol, in alcoholic beverages 910
isocyanates 460
isomorphen/isomegalen diagram 113–14
isopropanol 912–13, 913
analysis of 903
blood levels 914

concentration-time profile 912
as marker of alcohol abuse 1102
metabolism 906
physicochemical properties 901
poisoning 914
toxicity 906
Italy
diminished responsibility 822
insanity standards 820
rehabilitation and security 823
statutory limits for alcohol levels
1062
town charters 7–8
Japan
competence to stand trial 818
diminished responsibility 822
insanity standards 821
Joule burns 479–80, 481
jugular vein compression 373
Justinian enactments 7
juvenile pornography 697
Kastle–Meyer test 1144, 1146
Kawasaki syndrome 663
Kelley–Seegmiller syndrome 778
Kempe, Henry 725
keratin 5 245
Kerley–Ubelaker method 185
ketamine 584, 585, 696
ketazolam 934
ketoacidosis, alcoholic 569–70, 571,
577
ketone bodies 570, 571, 635–6, 913, 913
ketotic coma 633
Khmer Rouge Tribunal 19, 25
kicks 727
kidney
blunt force trauma 282
multiple organ failure 232–3, 233
specimen collection 859
weight loss in starvation 497
Kirchhofrosen 79, 79
kobold injuries 526–7
Kosovo 20, 21
Krebs’ cycle 570, 571
labelling of laboratory samples 36
labial fusion 689
laboratory standards 36–7
anticontamination precautions 37
assessment 36, 38
equipment and measurement 37, 38, 41
evaluation and interpretation 37, 38–9,
42–3
ISO/IEC 17025 37–44
labelling and documentation 36, 43
proficiency testing 37
samples 36, 38, 41
validation 36–7, 38, 41
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labour law, personal injury
assessment 1249–50
dependences 1250
permanent impairment 1250
temporary partial professional
impairment 1250
temporary total professional
impairment 1250
Lacassagne, Alexandre 11
lacerations 254, 265–6, 266
anal 691
brain 290
children 305–6
elder abuse 764
genitalia 687, 692
scalp 266
lactic acid 634–5, 636
Traub’s calculation 634–5
LADME principle 889, 890
laminin 245, 250
lanugo hair 509
laryngeal fracture 223
larynx
dissection of 378, 378
obstruction of 406–7, 407
soot inhalation 459
late death (days to weeks/months) 225–8
Le Fort fractures 270
lead 948–9
exposure 948–9
poisoning 70, 849, 855
from retained bullets 361
reference concentrations 949
sampling requirements 853
toxicity 949
toxicokinetics 949
lead pellets, deformed 357
leg injuries
railway accidents 1122
road traffic accidents 1109, 1111
legal capacity, older people 767
legal competency 816
legal highs 831
legal issues 203–7, 1207–37
actus rea (act/action) 204
apportioning liability 206
assisted suicide and medically assisted
suicide 1224–8
organised suicide 1227–8
precedents 1226–7
terminology 1225–6
causation, liability and time 204–5
child abuse 724
clinical autopsy 149
competency see competency
definitions 203
diminished responsibility 205–6
display of human remains 1232–5
drug addiction 577–8
expert evidence 562–95

forensic psychiatry 813
handling of corpses 1232–6
human rights 18
infanticide 206
injuries and causation 204
liability 203
medical errors 553
medical treatment 1207–15
as bodily harm/assault 1208
confidentiality 1213–15
medical indication and
standards 1209–10, 1209, 1209
persons involved 1207–8
self-determination 1210–13
mens rea (intent) 203–4
mental capacity 205
murder and manslaughter 205
personalised medicine 1215–24, 1217
areas of application 1215–16
challenges 1216
confidentiality 1219
data protection 1219
definition 1215–16
freedom of therapy 1217–18
genetic testing 1218–19
health insurance law 1220–1
informed consent 1218
research 1221–3
punishment for crime 206
research 17
research on corpses 1228–32
sexual abuse 697
thin-skull rule 206
toxicology 831–9
Lehrbuch der Gerichtlichen Medizin 12, 13
Lemendin test 184
Lesch–Nyhan syndrome 778
let-go phenomenon 478
leucocrystal violet 1144
leucocyte sticking 230, 230
leucomalachite green 1144, 1146
leukaemia 63
levocetirizine, and driving fitness 1094,
1095
lex artis 1209, 1210, 1217
liability 203, 204–5, 205
apportioning 206
Lichtenberg figures 492, 492
ligature marks
hanging 385–6, 385, 386
ligature strangulation 391
ligature strangulation 142–3, 258, 390–2,
390
accidental 392
circumstances 390
definition 390
frequency/occurrence 390
homicide 392, 392
ligature marks 391
observations and time relationships 376
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pathomorphology 390–1, 391
strangulation devices 390
suicide 392
lightning explosive barotrauma 490, 491
lightning injuries 257, 487–93
autopsy 488, 489
mechanism of injury 490, 491, 492
physics 487
scene investigation 487–8, 488, 489
special procedures 488–90, 490, 492
standard operating procedures 482, 490,
492
limbs see extremities
limit of detection (LOD) 41
lineage SNPs 1163
lipid accumulation in hypothermia 474,
475
liquid chromatography–mass
spectrometry 868, 883
liquid ecstasy see gamma-hydroxybutyrate
lithium 584, 587
poisoning 848
sample requirements 853
liver
alcohol effects 570
cirrhosis 571–2
fatty degeneration 570–1, 571
blunt force injuries 279, 280
multiple organ failure 232
sepsis 230–1, 231
specimen collection 859
weight loss in starvation 497
liver function tests 637–8
lividity 78–80, 79, 79
discoloration 80
hypothermia 80, 472
shift with movement 80
stages of 80–1
time course 81
water-line 486
livor mortis 52, 72
poisoning 70
SIDS 658
lobar pneumonia 572, 576
long QT syndrome
and SIDS 650
and sudden infant death 665
and traffic accidents 1119
loprazolam, and driving fitness 1088–9,
1089
loratadine, and driving fitness 1094
lorazepam
and driving fitness 1090, 1091
toxicological analysis 1083, 1084
lormetazepam, and driving fitness 1088,
1089
love bites 260
Lovejoy’s method of age estimation 183–5,
183–5
lower limit of quantification (LLOQ) 41
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lowest observed adverse effect level
(LOAEL) 948
Lubanga, Thomas 19
Lucilia caesar 115
Lucilia sericata (blow fly) 110, 110, 111–12,
111, 112, 114–15, 115
Ludes, Bertrand 10
luminol test 176, 1144
lungs
adult respiratory distress syndrome
227
drowning victims 417, 418, 418, 419,
666
emphysema 666
floating test 242, 510
multiple organ failure 232
neurogenic pulmonary oedema 228
pneumonia 63, 227
respiratory lung 227
sepsis 229–30, 230
specimen collection 859
trauma 227
blunt force 277
penetrating injury 146
volume 429, 430
weight 418
see also pulmonary disease; respiratory
tract
lymphocytic myocarditis 607–10, 608,
609
lysergic acid diethylamide (LSD) 584, 585,
931
stability 877
maceration 117
drowning victims 414, 415
of fetus 509–10, 510
McNaughton’s rule see M’Naghten’s rule
macrophages, immunohistochemical
markers 245
macular degeneration 1028
MADIT (Multicenter Automatic
Defibrillatory Implantation Trial) II
trial 1018
Mafia-related deaths 587–93
AK-47s 590–1, 591
ambushes and massacres 592–3, 593
caprettamento 591–2
hangings 591–2
historical aspects 587–9
ritual homicides 591–2
role of women in Mafia system 589–90
sawn-off shotguns 590, 590
strong acids 592
symbolism in 589
maggots, collection of 861
magnetic resonance imaging (MRI) 156
males see men
malformations, and sudden infant
death 663–4
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malnutrition 496
elder abuse 771
protein-calorie 499
protein-energy 499, 500
mandibular fractures 270–1
manganese, sample requirements 853
manner of death 65–7, 66, 163
manoxol-molybdenum 1144
manslaughter 205
marijuana see delta-9-tetrahydrocannabinol
mass disasters
classification 192–3, 193
closed 193
open 192–3
transport-related 1130–4
cause and time of death 1133–4
doctor’s task 1131
examination of bodies and body
parts 1131
forensic medical examination 1131–4
victim identification 192–200
mass graves 19–21, 19–21
mass spectrometry 868
maternal death in gestation 516–24
iatrogenic 522–3
mortality rate 516
pregnancy-related death 517–22
pregnancy-related risks 516–17, 517,
517
unrelated to pregnancy 523
MCP-1 249
MDMA see amphetamines
mechanical excitability of muscle 75–6, 76
mechanical trauma 254
Meckel’s diverticulum 150
meconium 508
medazepam 934
medical diagnosis, criminal relevance
1208
Medical Error Reporting System
(MERS) 548
medical errors 545–61
autopsy 558–9
blood transfusion errors 552–3, 553,
554
bodily damage caused 550
cause of accusation 551
causes of preliminary proceedings 551
classification 551
Clinical Liaison Service 559
confirmed cases 552
definitions 545–6, 546
diagnosis of disease 549
drug-associated deaths 556–8, 557, 557
duration and site of treatment 552
epidemiology 546–58
data from arbitration committees 548–
50, 548–50, 550
data from Institutes of Forensic
Medicine 550–2, 551, 552

exitus in tabula (death on operating
table) 553–6, 555, 556
incidence 546, 547
investigation 558–9
mechanical device-related 558
medical disciplines involved 549, 551
medicolegal aspects 553
most frequent mistakes 549, 553
occupational group 552
outcome 552, 552
patient complaints 549
medical ethics 1213
medical malpractice 1209
medical treatment, legal relevance 1207–15
as bodily harm/assault 1208
confidentiality 1213–15
medical indication and standards
1209–10, 1209, 1209
persons involved 1207–8
self-determination 1210–13
medically assisted suicide 1224–8
medicolegal autopsy 139, 140–9
diving accidents 435–8
diatom test 437
external examination 435–6
forensic imaging 437, 439
gas detection 437–8
histology 437
internal examination 436–7
molecular autopsy 437
toxicology 437
elder abuse 768, 769
external examination 140–3
clothing 140–1
conduct of 141–3
state of corpse 141
internal examination 143–7
evisceration 144–5, 144
mass disasters 1131–4
special procedures 147–9
newborn children 148–9
trauma 147–8
see also specific body parts
medicolegal research 17
Mees’ lines 70
mefloquine, and driving fitness 1095–6
Megaselia scalaris (scuttle fly) 111, 114–15,
115
melatonin 934
chemical structure 940
melatonin receptor antagonists 940
men
age estimation 181, 182
sex determination 176–8, 177
meningitis, and sudden infant death 662–3
mens rea (intent) 203–4
mental capacity 205
lack of 1211–12
mental competence 815–16
consent to treatment 817

INDEX

meprobamate 942
chemical structure 941
pharmacokinetics 934
toxicological analysis 1083
mequitazine, and driving fitness 1094
mercury 951–2
exposure 951
poisoning 70, 849, 855
self-injection 787
reference concentrations 952
sample requirements 853
toxicity 951–2
toxicokinetics 951
mescaline 584, 585–6
mesopic vision 1026, 1031
Messerer’s fracture 1109, 1111
metabolic disorders
screening for 722
and sudden infant death 663, 664
metabolism 889, 895–9
first pass 893
genetic variation 896–9
polymorphism 895–6
methadone 925–6
chemical structure 944
metabolism 896
pharmacokinetics 945
toxicological analysis 1083, 1084
methaemoglobin 848
methaemoglobinaemia 79, 80, 80
methamphetamine see amphetamines
methanol 901, 909–12
in alcoholic beverages 910
analysis of 903
concentration–time profile 911
as marker of alcohol abuse 1102
metabolism 904, 905, 906
physicochemical properties 901
poisoning 911
toxicity 906
methanol poisoning 70, 849
methaqualone 941
chemical structure 941
pharmacokinetics 934
methionine 849
Methodus testificandi 9
methohexital 934, 935
methotrexate poisoning 849
methylecgonine, stability 875
methylenedioxyamphetamines,
metabolism 898
methylphenidate (Ritalin), and driving
fitness 1096
methyprylon 938–9, 938
pharmacokinetics 934
Metoprolol CR/XL Randomised
Intervention Trial in Congestive
Heart Failure (MERIT-HF) 1021
mianserine, and driving fitness 1092,
1092

microbiological autopsy 152
drowning victims 423
microglia 284
staining methods 289
microwave burns 483
midazolam
chemical structure 937
metabolism 938
pharmacokinetics 934
midbrain shearing 713
military service, faked disease/
injuries 780–1
mines 364
Minnesota Protocol 22–3
minors, medical treatment of 1212
miosis 69
MIP-1α 249
mirtazapine, and driving fitness 1092, 1092
mitochondrial DNA 1159–60
mitral valve prolapse 1119
mizolastine, and driving fitness 1094, 1095
MK-2866 977
M’Naghten rule 205, 820
MNOP toxins 69
moclobemide, and driving fitness 1092,
1093
molecular autopsy 424
diving accidents 437
molecular biology
disaster victims 195, 196–7
standards 196–7
wound age estimation 248–50
molecular genetics 1146
morphine 922–3
absorption 923
chemical structure 944
distribution 923
excretion 923
metabolism 897, 923
pharmacokinetics 945
plasma concentrations 924
toxicological analysis 1083
motor vehicle accidents see traffic accidents
mouth 142
dissection of 379, 379
obstruction of 404–6, 405
MRI see magnetic resonance imaging
mucosa, drying of 90–1, 90, 116
multiorgan dysfunction 228
multiple corpses 70–1
multiple organ failure 232–4, 233, 234
mummification 95–6, 95, 96
Münchausen syndrome 778
by proxy 734, 736–7
murder 205
muscle
drowning victims 419
excitability
electrical 76–8, 77, 78, 78
mechanical 75–6, 76
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haemorrhages in hypothermia 474
specimen collection 860
musculoskeletal system in diving
accidents 437
mutilation
mass disasters 1131
postmortem 565–6, 565, 566
see also specific injuries
muzzle imprint 355
muzzle modifications 361
Mycoplasma hominis 695
mydriasis 69
myelin, staining methods 289
myocardial infarction see ischaemic heart
disease
myocarditis 600, 606–11
classification 608
Dallas criteria 609
diagnosis 609, 610
eosinophilic 610
giant cell 610
granulomatous 610
infectious causes 609, 609
lymphocytic 607–10, 609
polymorphonuclear 610
and sudden infant death 663
myocytolysis, coagulative 604
myofibroblasts, immunohistochemical
markers 245
myopia 1024–5, 1031
nail marks 142
nails
poisoning 70
specimen collection 861
naphthol-AS-D-chloracetate esterase
stain 289
narcotic (opioid) syndrome 864
narcotic (sedative/hypnotic) syndrome
864
narcotics see opioids
Nasonia vitripennis 110, 110
nasopharynx, dissection of 379, 379
Natatolana woodjonesi (sea lice) 119,
120
National Aging Resource Center on Elder
Abuse (NARCEA) 763
National Association of Medical Examiners
(NAME) 35–6
natural causes of sudden death 599–629,
600
cardiac 599–614
non-cardiac 614–23
see also specific causes
natural poisons 961–6, 966
analytical methods 965
see also poisoning; and specific poisons
near-drowning 52
torture 29
Near East 7
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neck
asphyxiation, dissection in 377–8, 378
external examination 146
internal examination 142–3
neck holds 394–6
accidental 396
carotid sleeper holds 394
choke holds 394
circumstances 395–6, 395
classification 395
definition 394
frequency/occurrence 394
pathomorphology 394–5
physical restraint 530–2, 531, 532
neck injuries 147, 275–6
physical activity after 563–4
sharp force 320, 320
Necrobia rufipes 110, 110, 114
Necrophorus vespilloides 110, 111
necrosis 286
necrotising fasciitis 228
needle biopsy 156–7
nefazodone, and driving fitness 1092,
1093
neglect 502, 738
children 738
older people 765–6
self-neglect 766
see also starvation
Neisseria gonorrhoeae 695, 696
neonates
forensic autopsy 148–9
normal genital variants 698, 698
SIDS see sudden infant death syndrome
see also children; infanticide; infants
neonaticide 504, 506–7, 507
incidence 505
see also infanticide
neovascularisation 248
Nerium oleander 965, 966
Netherlands, statutory limits for alcohol
levels 1062
neurogenic pulmonary oedema 228
neuroleptic malignant syndrome 586
neurological disease 620–3
intracerebral haemorrhage 301, 301, 342,
621–3, 622, 623
SUDEP 620–1
neurons 283
staining methods 289
neuropathic ulcers 769
neuropathological autopsy 151–2, 152
neutrophilic myocarditis 610
New Zealand
competence to stand trial 818
insanity standards 821
statutory limits for alcohol levels 1063
newborn children see neonates
niaprazine 941, 941
nickel, sample requirements 853
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Nicrodes littoralis 110, 111
ninhydrin 1144
Nissl stain 289
nitrazepam 934
and driving fitness 1089
nitric oxide 956
respiratory toxicity and exposure
threshold 962
nitrobenzene 961
respiratory toxicity and exposure
threshold 962
nitrogen dioxide 956
respiratory toxicity and exposure
threshold 962
nitrogen narcosis 432
nitrogen phosphorous detector 868
nitrous gases 460
nitrous oxide 931, 956
respiratory toxicity and exposure
threshold 962
no observed adverse effect level
(NOAEL) 948
non-accidental head injury (NAHI)
702–25
biomechanics 714, 715–18
clinical diagnosis 714, 718–19
clinical examination and
investigations 705–11, 705, 706
diagnosis 703–11
differential diagnosis 719–21, 720
evidence of malicious injury 710, 711
historical aspects 702–3
history at presentation 703
investigations 712–13
medical legalities 724
missed diagnosis 721
neuropathology 713–14
outcome 724–5, 724
parental and child risk factors 703–5,
704, 705
rebleeding 719
socioeconomic risk factors 703
non-biological exhibits 861–2
non-discrimination 1231
non-homicidal events 209
non-lethal projectiles 332
non-renal clearance 891
non-ST-elevation MI (NSTEMI) 1013
nordiazepam 934
toxicological analysis 1083, 1084
norfluoxetine 882
normobaric/hyperbaric hypoxia 409–11,
410
nortriptyline, toxicological analysis 1083
Norway, statutory limits for alcohol
levels 1063
nose 142
obstruction of 404–6, 405
novus actus intervenens 204
Nowak, Manfred 23

NSAIDs 584, 587
nuchal muscles, dissection of 379
occupational exposure 961, 962
occupational lung disease 151
octane 962
oedema
cerebral 274–5, 284–5, 285
genitalia 687
pulmonary 228, 658
oesophageal varices 572, 576
ohms 478
Ohm’s Law 478
older people
age estimation 804
driving fitness 1002
vision problems 1031–2
violence against see elder abuse
women
domestic violence 749
sexually transmitted infections 765
oligodendrocytes 283–4
staining methods 289
oligophrenia 779
Ontario Domestic Assault Risk Assessment
(ODARA) 748
ophthalmology 722
opioids 63, 582–3, 583, 922–6, 943–7
chemical structures 944
in doping 974
and driving fitness 1050, 1078–9
narcotic (opioid) syndrome 864
narcotic (sedative/hypnotic)
syndrome 864
pharmacokinetics 945–6, 945
pharmacology 944
postmortem toxicology 947
sources of 943–4
tolerance and dependence 944–5
toxicity 946–7
toxicological analysis 1083, 1084
use of 943
see also specific drugs
Optional Protocol under the Convention
Against Torture (OPCAT) 27
oral cavity see mouth
oral fluid 879
organ donation 169
organic nitrites/nitrates (poppers) 584,
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barbiturates 583, 584, 933, 935–6
benzodiazepine-related drugs 939–40,
939
benzodiazepines 583, 583, 876, 877,
936–8
clinical and forensic aspects 933
and driving fitness 1088–90, 1089
melatonin receptor antagonists 940
narcotic (sedative/hypnotic)
syndrome 864
pharmacodynamics 932
pharmacokinetics 933, 934
piperidinedione derivatives 938–9, 938
poisoning 933
tolerance, dependence and
withdrawal 933
see also specific drugs
selectin, E- 245, 249
selectin, L- 245
selectin, P- 249
selenium, sample requirements 853
self-amputations 781
self-determination 1210–13
deficiency of will 1211–12
emergency situations 1212
information 1212–13
legal rules 1210
minors 1212
right not to know 1213
significance 1210–11, 1211
self-harm 319, 321, 776–90, 777
body modification 778
classification 778–87
defined psychic disturbances 779
definitions, phenomenology and
causes 776, 777

diagnostic procedures 787–8, 788, 788
criminal aspects 788
whole body examination and
documentation 787
epidemiology 776–7
factitious disorders 778
faking of criminal offences 782, 782
genital self-injuries 779
hereditary forms 778
historical aspects 776–7
insurance fraud 781–2
military service 780–1
penitentiary system 780
personality disorders 782–7
borderline 783, 783
combined/mixed patterns 785–6, 785,
786
evaluation and assessment 787
forensic medical approach 784–5
intermediate group 783–4, 784
multidisciplinary procedure 785
rare injuries 787
scars, piercings and cultural/religious
self-injuries 778
self-burning 780
simulation 780
statistics 776–7
suicidal acts 779–80, 779, 780, 781
see also suicide
self-made bombs 364
self-neglect 766
semi-sharp force injuries 255
see also specific injuries
sepsis 227–32
adrenal gland 232, 232
brain 231–2, 231
heart 230, 230
liver 230–1, 231
lung 229–30, 230
pathology 229
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near-contact wounds 348
shot pattern 356
suicide vs. homicide 358
sequence of gunshots 354
shooter 352–4
backspatter 352–3, 353
injuries and DNA transfer 353
position of 353–4
shooting hand 352, 359
steadying hand 352, 359
sooting 256, 349, 359
spine 303
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Simon’s haemorrhage 240
simulated injuries 780
single nucleotide polymorphisms see SNPs
sinuses, drowning victims 419
SIRS see systemic inflammatory response
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shaken baby syndrome 307, 307
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submarino torture 29
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sudden cardiac death 599–614
arrhythmias 605–7
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sudden death
cardiac causes see sudden cardiac death
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sudden death while driving 1117–20
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rebreathing 409–11, 410
shooting incidents 357–9
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mechanical excitability 75–6, 76
postmortem lividity 78–80, 79, 79, 80
stages of 80–1, 81
surface scanning 157–8, 159
surfactant, drowning victims 419
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Taylor, Alfred Swaine 3
teaching 17

1286
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‘telephono’ torture 29
temazepam
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fatal toxicity index 835
metabolism 938
pharmacokinetics 934
toxicological analysis 1083
temperature regulation 468, 469
temperature–time of death
nomogram 86–7, 86, 87, 90
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terrorism 837–8
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TGF-β1 245
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exposure 952–3
poisoning 70, 855
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sample requirements 853
toxicity 953
toxicokinetics 953
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postmortem
thebaine 944
theophylline poisoning 848
therapeutic privilege 1212–13
thermal injuries
burns see burns
child abuse 732, 732–4, 734
respiratory tract 460
scalds see scalds
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thin layer chromatography 868
thin-skull rule 206
thiopental 934, 935
thoracic compression 396–8
accidental 398
circumstances 397
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frequency/occurrence 396–7, 396, 397
pathomorphology 397–8
suicide 398
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diving accidents 436–7
road traffic accidents 1112
unstable 402–3
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thromboembolism 226–7, 241, 241
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pulmonary 63, 241, 282, 614, 615, 616,
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post-abortion 522
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thyroxine overdose 849
tibial fractures 731
time of death 97–108, 204–5, 217
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compound method 101–3, 102, 103–6
crime scenes 126
determination of 98, 100
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putrefaction 107–8, 109
rectal temperature 99, 101
time of flight 868
tissue embolism 239, 241
tissue remodelling 248
tissue retrieval 169
TNF-α 245
Togo 23
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toluene 931
respiratory toxicity and exposure
threshold 962
toluidine blue 683
tongue 142
haemorrhages 391, 392
topiramate, toxicological analysis 1083
torture 23, 26–33, 209–10
blunt force injuries 28–9, 28, 29
burning 29
definition 26
electrical 29
falanga 28, 31, 210
fingers 29–30
near-drowning 29
positional 30–1
psychological 32
sequelae 31–2, 32
suspension 30
‘telephono’ 29
victims
examination 32–3
treatment 33
total clearance 891
toxic elements 947–55, 947
human biomonitoring values 948
see also specific elements
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toxicokinetics/toxicogenetics 889–99
absorption 889, 892–4
bioavailability 892
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distribution 889, 894–5
elimination rate constant 891–2
excretion 889, 899
first-order elimination 891–2
LADME principle 889, 890
metabolism 889, 893, 895–9
plasma elimination half-life 891
release of active compound 889, 892
volume of distribution 890
toxicology 900–93
adverse drug reactions 556–8, 557, 557,
840–4
aircraft accidents 1128
alcohols 900–18
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clinical forensic 835–7
child welfare 836–7
driving under the influence 835–6
drug-facilitated sexual assault 837
workplace drug testing 836
diving accidents 437
doping 837, 972–7
drug screening 866–72
analytical methods 869–70
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instability of drugs during 882–3, 882
instrumentation 868–9, 868, 869
isolation step 867–8
method performance 870–1, 871
target substances 866
education and research 831–2
epidemiology 841
fatal toxicity index 835, 835
illegal drugs 833–4, 918–32
intoxication see toxidromes
laboratory standards 39–43, 832–3
legal issues 831–9
narcotics 943–7
natural poisons 961–6
pesticides and insecticides 966–72
poisoning see poisoning
postmortem 824–5
sabotage, terrorism and chemical
warfare 837–8
sedatives and hypnotics 932–43
sexual abuse 696–7
SIDS and SUDI 668
solvents and gaseous poisons 955–61
specimen collection 856–62
bile 858–9
blood, serum and plasma 857–8
brain 859
kidney 859
liver 859
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lungs 859
non-biological exhibits 861–2
skeletal muscle 860
special considerations 862
urine 858
vitreous humour 858
stability and artefacts 873–88
blood from living individuals
875–6
definitions and causes 873–7, 874,
875
evaluation of 883–5
postmortem specimens 877–8, 878
processing and analysis 882–3, 882
sampling artefacts and drug
stability 878–80, 880
storage 881–2, 881
urine from living individuals 876–7
toxic elements 947–55
see also specific substances
toxidromes 862–5, 864
adrenergic syndrome 863
anticholinergic syndrome 863
cholinergic syndrome 863
extrapyramidal syndrome 865
narcotic (opioid) syndrome 864
narcotic (sedative/hypnotic)
syndrome 864
serotonin syndrome 864–5
Toxoplasma gondii 509
trace elements, sampling for 852, 853
trace evidence at crime scenes 126–7
trachea
dissection of 378
obstruction of 407–9, 408
soot inhalation 459
tracheo-oesophageal fistula 150
traffic accidents 146, 265, 265, 1108–39
aircraft accidents 1127–30
biomechanical aspects of
reconstruction 1129
ejection injuries 1129–30
miscellaneous aerial vehicles 1130
postmortem examination 1128–9
scene of crash 1128
toxicology 1128
alcohol-related 576, 835–6, 916–17, 917,
1005, 1050, 1051, 1051, 1057–73
car to pedestrian collisions 1108–13,
1109–13
contributing factors 1058
expert evidence 562, 563
mass disasters 1130–4
cause and time of death 1133–4
doctor’s task 1131
examination of bodies and body
parts 1131
forensic medical examination
1131–4
pregnant women 523

railway accidents 1121–7, 1122
injury analysis 1123–4, 1123
injury patterns 1125–6, 1125
postmortem surveys 1124–5, 1124
train speed and injury pattern 1123
road traffic accidents 1108–17
abbreviated injury scale 1109
car to car collisions 1113–17, 1115
car to pedestrian collisions 1108–13,
1109–13
two-wheeler vehicle to car
collisions 1116–17, 1116
sudden death while driving 1117–20
arterial disease 1118–19
cardiovascular system 1118
differential diagnosis 1119–20
epilepsy 1119
hypertensive heart disease 1118
intracranial vascular lesions 1119
respiratory system 1119
suicide while driving 1120–1
traffic medicine
definitions 998
in forensic medicine 997
operationalisation 998–1001, 999–1001
relevance of 997
see also driving fitness
training
forensic psychiatry 824–5
human rights 25–6
toxicology 831–2
trajectory 336
tram-like haematoma 261, 262
tramadol 926
metabolism 897
toxicological analysis 1083
transferrin, carbohydrate-deficient 1101–2
transfusion-associated circulatory overload
(TACO) 554
transfusion-related acute lung injury
(TRALI) 554
transplantation 166–70
diagnosis of brain death see brain death
organ donation and tissue retrieval 169
regulations and procedures, in
Germany 166–7
in UK 167–8
trauma see injuries
traumatic asphyxia 374
traumatology
and criminality 207–10
definition 203
legal issues 203–7
trazodone, toxicological analysis 1083
treatment refusal 819
Treponema pallidum 695
triazolam
chemical structure 937
metabolism 938
pharmacokinetics 934
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trichloroethylene 962
Trichomonas vaginalis 695
triclofos 942
chemical structure 941
pharmacokinetics 934
triprolidine, and driving fitness 1093
tubal pregnancy 517–18, 517, 518
tuberculosis, alcohol-associated 572
two-wheeler vehicle to car collisions
1116–17, 1116
tympanic membrane rupture 489
tyre tread marks 261, 1113
ubiquitin 249
ultrasound, cranial 722
ultraviolet detector 868
ultraviolet light 1144
umbilical cord
demarcation of 508
irregular edge 507
underfunding 16
underwater welding 485
United Kingdom 12–13
brain death diagnosis 169
forensic society training 825
Human Tissue Act (2004) 168
retrospective civil assessments 817
statutory limits for alcohol levels 1062
testamentary capacity 817
transplantation procedures 167–8
United Nations
Committee Against Torture 26
Declaration of Human Rights 18
model autopsy protocol 34
United States
competence to stand trial 818
consent to treatment 817
diminished responsibility 822
forensic society training 825
insanity standards 820
legal competency 816
rehabilitation and security 823
retrospective civil assessments 817
statutory limits for alcohol levels 1063
testamentary capacity 817
urea 639
Ureaplasma urealyticum 695
urinary tract infection 63
urine
diabetic coma 636
leakage postmortem 124
specimen collection 858, 880
vaginal discharge in prepubertal girls 690
vaginal foreign bodies 690
VALIANT (Valsartan in Acute Myocardial
Infarction Trial) study 1013
validation
forensic DNA laboratories 38
forensic toxicological laboratories 41
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Valsalva manoeuvre 374
vasovagal inhibition 218
vasovagal syncope 1018–19
VCAM-1 245, 249
VEGF 249
venlafaxine 584
and driving fitness 1092, 1093
venous gas embolism 431
venous marbling 92, 92, 117, 118
venous ulcers 769
ventilation 223
ventral arc 145, 178
ventricular tachycardia 1015
catecholaminergic polymorphic 665
idiopathic right ventricular outflow
tract 665
vernix caseosa 508
vertebral disc haemorrhages 388
vertebral fractures/dislocations 278–9, 279
vibices 122, 123
victim identification 71–2, 141, 162,
171–2
drowning victims 413–14
mass disasters 1131–2
see also anthropology/osteology
video surveillance systems, identification
from 1188–9, 1189
Vieira, D.N. 15
violence
against elderly 761–75
against homosexuals 757–60
domestic 208, 746–50
school 751–6
violent death
classification of 253–8, 254–8, 254
see also specific injuries
expert evidence 562–95
legal issues 203–7
older people 771–2
viral myocarditis 609, 609
Virchow, Rudolph 150
Virtospy project 154
visual field defects 1029–30, 1031
assessment 1030
bitemporal hemianopsia 1030
classification 1029
examination method 1030
homonymous hemianopsia 1030
relevance for road users 1029–30
visual problems 1024–9
cataracts 1025–6
colour vision disorders 1029, 1031–2
diabetic retinopathy 1026–7, 1038–9
glaucoma 1027
macular degeneration 1028
older motorists 1031
position and motility of eyes 1028–9,
1031
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post-eye surgery 1030–1
reduced visual acuity 1024–5, 1031
retinitis pigmentosa 1027–8
stereo vision 1029, 1031
vita minima 51
vita reducta 51
vital processes 238
vital reactions 237–44
circulation 237–41
embolism see embolism
haemorrhage see haemorrhage
digestion 244
respiration 241–3, 242, 243, 243
time course 238
vital signs 238
vitamin deficiency, alcohol-induced 569,
569
vitreous humour 631, 632
dehydration pattern 502, 502
glucose 635
lactic acid 635
potassium in 103–5, 106
specimen collection 858
volatile solvents 931
voltage 478, 478
volume of distribution 890
vomiting
chyme aspiration 407–9, 408
in SIDS 659
von Willebrand’s disease 735
‘walk and die’ 222
Wallerian degeneration 286
warfarin 971–2
washer-woman’s skin 117, 119
water-line lividity 486
water-related deaths
diving accidents 427–40
drowning see drowning
electrocution 485–7
bath 486–7
electric eels 486
swimming pools 485
underwater welding 486
immersion time 109, 440–3, 441
postmortem injuries 117, 119, 120, 120
waterboarding 29
Waterhouse–Friedrichsen syndrome
663
Welby, Piergiorgio 1227
Wernicke–Korsakoff syndrome 569
whiplash injury 304, 713
whipping 28, 29
sequelae 31
white matter shearing 713
whole bowel irrigation 850
Widmark equation for alcohol
consumed 1066

Wischnewsky’s spots 472, 473, 474
Wolff–Parkinson–White syndrome 1015
women
age estimation 181, 182
genital mutilation 210
role in Mafia system 589–90
sex determination 176–8, 177
workplace drug testing 836
World Anti-Doping Agency (WADA) 837,
972
World Medical Association 27
wound age estimation 244–7
markers 248–50, 249, 250
methods 245–6, 245
molecular biology 248–50
skin wound healing 248
results and interpretation 246, 246, 246,
247
wound ballistics 337–44
wound healing 248, 764
wound tracks 318
Wydler’s sign 243
X-chromosomal markers 1168
X chromosome typing 1169
X-rays
age estimation in adolescents 793–5,
793
atlas methods 793–4
bone-by-bone methods 794
planimetric methods 794–5
radiation exposure 799–800
xenotransplants 167
xylene 931
respiratory toxicity and exposure
threshold 962
Y chromosome-specific STR loci 1157–9,
1158
young drivers 1002–3
Zacchia, Paolus 9–10, 9
zaleplon 934
and driving fitness 1050, 1051,
1089
zinc, sample requirements 853
zip guns 332
zolpidem 939–40, 939
and driving fitness 1050, 1051, 1089,
1089
pharmacokinetics 934
toxicological analysis 1083
zopiclone 939–40, 939
and driving fitness 1050, 1051, 1089
fatal toxicity index 835
pharmacokinetics 934
stability 876
Zsako’s muscle phenomenon 75

