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Keith Simpson was the first Professor of Forensic Medicine in the
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forensic pathologists of the twentieth century. He spent all his
professional life at Guy’s Hospital and he became a household
name through his involvement in many notorious murder trials in
Britain and overseas. He was made a Commander of the British
Empire in 1975.

He was a superb teacher, through both the spoken and the
printed word. The first edition of this book appeared in 1947 and in
1958 won the Swiney Prize of the Royal Society of Arts for being the
best work on medical jurisprudence to appear in the preceding
ten years.

Keith Simpson updated this book for seven further editions.
Professor Bernard Knight worked with him on the ninth edition and,
after Professor Simpson’s death in 1985, updated the text for the
tenth and eleventh editions. Richard Shepherd updated Simpson’s
Forensic Medicine for its twelfth edition in 2003.
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The trust placed in forensic practitioners by those
administering justice is enormous. Although prac-
titioners provide their evidence at the behest of
one party or another in cases where there is not
an agreed expert, their duty to the court is clear.
They must assist the court, in their reports and
in any evidence they give orally, by giving their
opinions impartially and honestly to the best of
their ability. In all but a tiny handful of cases, this
trust is rightly reposed in forensic practitioners.
However, when it is shown that such trust should
not have been reposed or that a practitioner has
betrayed the principles adhered to by all but that
tiny handful, the effect on the administration of jus-
tice and on the integrity of forensic practitioners
can be devastating.

I therefore welcome this new edition of
Simpson’s Forensic Medicine. As it claims, it sets out
the basics of forensic medicine and related foren-
sic science specialties for those who are com-
mencing careers in forensic medicine or forensic
science, or those whose work brings them into
contact with situations that require an awareness
of the principles.

It is welcome to see that it takes an interna-
tional perspective. Developments in forensic sci-
ence and medicine are, of course, worldwide; a
development in one country which may contra-
dict the received wisdom in another is these days
often seized upon by parties to litigation. Legal

Foreword

developments in one country are being more
frequently raised in other countries. These may
relate to the manner in which expert evidence is
adduced or the weight accorded to it. This inter-
nationalisation of forensic practice has enormous
benefits, but carries with it acute risks if there is
not the strictest adherence to the ethical princi-
ples clearly expounded in this work. These days
a forensic practitioner must be aware of these
changes and the ever greater willingness of law-
yers to seek expert opinion from overseas to sup-
port their case where none can be found within
their own jurisdiction.

In these developments, it is therefore essen-
tial that lawyers understand the basic princi-
ples of the forensic science and medicine in the
cases that come before them and that forensic
practitioners and forensic medical practitioners
understand the way in which the courts oper-
ate and their high duties to the court. This work
forms an important bridge between law on the
one hand and science and medicine on the other.
It is a useful perspective through which to see the
need to ensure that developments in the law and
developments in forensic practice and forensic
medicine move together with ever increasing
dialogue.

Lord Justice Thomas
Vice-President of the Queen’s Bench Division
and Deputy Head of Criminal Justice






Since the first edition of Simpson’s Forensic
Medicine was published in 1947 there has been
general recognition that the term ‘forensic medi-
cine’ has expanded considerably to embrace not
only forensic pathology but also clinical forensic
medicine. In addition, medical practitioners who
work within these fields now require knowledge
and understanding, not only of medical concepts,
but also of both law, ethics and forensic science,
and how they interact. Indeed, many subjects
that may have been considered part of ‘forensic
medicine’, in its old sense, have now developed
their own specialties, such as forensic toxicology,
forensic science, forensic odontology and forensic
anthropology.

The earlier editions of Simpson’s were directed
predominantly at a purely medical readership.
Over twenty years ago Bernard Knight recognized
that the readership should, and did, lie beyond
solely a medical readership. There has been a
huge increase in the public awareness of foren-
sic techniques and process, led by an expanding
media fascination with such subjects. With this has
come an increase in the numbers of those wishing
to study these areas as undergraduates or subse-
quently as postgraduates, who may not come from
a medical background. What has not changed
since Keith Simpson’s first edition is that the bud-
ding forensic practitioner, or the undergraduate,
or the law enforcement officer, or the healthcare
professional or the lawyer who wishes to study, or
those who by the nature of their work, will at some
stage (like it or not) become involved in forensic
matters, needs to be aware of and understand the
basis of forensic medicine and how it relates to the
other specialties.

Preface

This, the Irish edition of the 13th Simpson’s
Forensic Medicine is the first regionalized edition,
and has been written to assist all those groups
in practice in Ireland, not simply doctors, and to
illustrate the basic concept of forensic medicine
and related forensic specialties and provide an
introduction to the concepts and the principles of
practice for those commencing forensic careers,
or for those whose daily workload will bring them
into contact with situations that require an aware-
ness of these matters. In addition, each chapter
provides a range of suggestions for further read-
ing (books, key scientific papers and reviews, up-
to-date web-based sources) about each subject
that will provide further in-depth authoritative
information.

As we all work within multi-professional set-
tings, it is important to have an awareness of the
general principles that apply. Examples of rel-
evant regulations, law, codes and practice will,
for the most part, be derived from the Republic of
Ireland jurisdiction. All readers should be aware
of those that apply within their own country and
their own jurisdiction.

There are considerable changes in content, for-
mat and layout from previous editions that we hope
will clarify and expand on topics of particular cur-
rent relevance. Any mistakes or misinterpretations
are those of the authors who will happily receive
comment and criticism on any aspect of the con-
tent. We hope that readers will find that this edi-
tion addresses their needs.

Jason Payne-James, Cliona McGovern
London & Dublin
December 2013
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In this book, unless specifically stated otherwise,
words importing the feminine gender include the
masculine and words importing the masculine
gender include the feminine.

Examples of procedure or functions will be
given predominantly from the perspective of a

Authors’ note

medical practitioner (a doctor), but many of the
principles or examples stated will apply also to
other professionals. All professionals should be
aware of the regulations or codes of conduct that
apply to their practice, and of the law and statutes
that apply in their jurisdiction.
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Chapter

M Introduction

B Legal systems

B Doctors and the law

B Doctors in court

M Further information sources

B Introduction

Different countries have different legal systems,
which broadly divide into two areas — criminal
and civil. The systems have generally evolved
over many years or centuries and are influenced
by a wide variety of factors including culture,
religion and politics. By and large, the rules have
been established over many hundreds of years
and are generally accepted because they are for
the mutual benefit of the population — they are the
framework that prevents anarchy. Although there
are some common rules (for example concern-
ing murder) that are to be found in every country,
there are also considerable variations from coun-
try to country in many of the other codes or rules.
The laws of a country are usually established by
an elected political institution, the population
accepts them and they are enforced by the impo-
sition of penalties on those who are found guilty of
breaking them.

The same general laws bind members of
medical, healthcare and scientific professions as
the population as a whole, but they may also be
bound by additional laws and regulations spe-
cific to their area of practice. The training, quali-
fication and registration of doctors, scientists and

Principles
of forensic
practice

related professions is of great relevance at the
current time, in the light of the recognized need
to ensure that evidence, both medical and sci-
entific, that is placed before the court, is estab-
lished and recognized. Fraudulent professional
and ‘hired guns’ risk undermining their own
professions, in addition to causing miscarriages
of justice where the innocent may be convicted
and the guilty acquitted. It is sometimes difficult
for medical and scientific professionals to real-
ize that their evidence is only part of a body of
evidence, and that unlike in the fictional media,
the solving of crimes is generally the result of
meticulous painstaking and often tedious effort
as part of a multi-professional team.

The great diversity of the legal systems around
the world poses a number of problems to authors
when giving details of the law in a book such as
this. Laws on the same aspect commonly differ
widely from country to country, and some medi-
cal procedures (e.g. termination of pregnancy)
that are routine practice (subject to appropriate
legal controls) in some countries are considered
to be a crime in others. Ireland has its own com-
mon law legal system, which, although distinct
from the legal system in England and Wales and
in Northern Ireland, we share many of the legal



1 Principles of forensic practice

traditions. Overarching this is European legisla-
tion and with it the possibility of final appeals
to the European Court. Other bodies (e.g. the
International Criminal Court) may also influence
regional issues.

This edition will utilize the Irish legal system
for most examples, making reference to other
legal systems when relevant. However, it is cru-
cial that any individual working in, or exposed to,
forensic matters is aware of those relevant laws,
statutes, codes and regulations that not only apply
generally but also specifically to their own area of
practice.

B Legal systems

Laws are rules that govern orderly behaviour in
a collective society and the system referred to as
‘the Law’ is an expression of the formal institution-
alization of the promulgation, adjudication and
enforcement of rules. There are many national
variations but the basic pattern is very similar.
The exact structure is frequently developed from
and thus determined by the political system, cul-
ture and religious attitudes of the country in ques-
tion. In Ireland, the principal sources of these
laws is the Constitution (Bunreacht na hEireann),
the Oireachtas (the D&il and the Seanad who
create the statutory laws, i.e., the Acts), and the
common law (decisions of judges in courts of
law). In Ireland, there are two main legal systems:
criminal and civil. These are dealt with differently
and typically result in either criminal prosecu-
tions or civil actions. Criminal prosecutions are
prosecuted by the State, usually via the Director
of Public Prosecutions (DPP). Criminal cases deal
with matters that are considered wrong or ille-
gal, such as murder, rape and theft etc. Criminal
matters are punishable through a jail sentence or
fine. A civil action deals predominantly with dis-
putes between individuals such as where people
disagree about any matter of fact, or point of law,
which affects their legal rights. Civil actions are
most frequently used when a person seeks com-
pensation or tries to recover money that is owed
to them.

There are also a range of other legal bodies that
are part of these systems such as the Employment
Appeals Tribunal, the Refugee Appeals Tribunal,
the Injuries Board (previously known as the
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Personal Injures Assessment Board), the Mental
Health Review Board and other specialist dis-
pute panels. Such bodies may deal with conflicts
that arise between citizens and administrative
bodies, or make judgements in other disputes.
All such courts, tribunals or bodies may at some
stage require input from medical and scientific
professionals.

In Ireland, decisions made by judges in the
courts have evolved over time and this body of
decisions is referred to as ‘common law’ or ‘case
law’. Precedent ensures that principles deter-
mined in one court will normally be binding on
judges in inferior courts. For example, Supreme
Court decisions bind all courts but the Supreme
Court is not bound by its own decisions. Decisions
of the High Court bind those of the Circuit and
District Courts;the Court of Criminal Appeal binds
the Central Criminal Court, the Special Criminal
Court and the Circuit and District courts on crimi-
nal matters. When the High Court is dealing with
criminal cases, it is known as the Central Criminal
Court and it sits with a jury. Occasionally, the mat-
ter before the courts might result in a sitting of the
Special Criminal Court (SCC). The government
established the SCC to hear cases where there
would be a reasonable threat of jury intimidation.
Therefore, the SCC sits with three judges and no
jury. It deals with criminal charges involving ter-
rorist organisations and more recently, organised
drug activities.

Criminal law: “Beyond
a reasonable doubt”

Criminal law deals with relationships between the
State and the individual and as such, it is probably
the area in which forensic medical expertise is
most commonly required. Criminal trials involve
offences that are ‘against public interest’; these
include offences against the person (e.g. murder,
assault, grievous bodily harm, rape), property
(e.g. burglary, vandalism), and public safety and
security of the state (terrorism). In these matters
the State acts as the voice or the agent of the peo-
ple. In continental Europe, a form of law derived
from the Napoleonic era applies. Particularly in
France, Napoleonic law (or, Code Civil, in French)
is an ‘inquisitorial system’ where both the prosecu-
tion and the defence have to make their cases to
the court, which then chooses which is the more



credible. Evidence is often taken in written form
as depositions, sometimes referred to as ‘documen-
tary evidence’. The Anglo Saxon model applies in
England and Wales and in many of the countries
that it has influenced in the past, including Ireland.
This system is termed the ‘adversarial system’.If an
act is considered of sufficient importance or grav-
ity, the state ‘prosecutes’ the individual.

Prosecutions for crime in Ireland are made by
the DPP, who will assess the evidence provided
by the Gardai. The DPP will make a determina-
tion as to whether to proceed with the case and,
in general, the following principles are taken into
account: prosecutors must be satisfied that there is
sufficient evidence to provide a realistic prospect
of conviction against each suspect on each charge;
they must consider what the defence case may be,
and how it is likely to affect the prospects of con-
viction; a case which does not pass the ‘evidential
stage’ must not proceed, no matter how serious or
sensitive it may be. Even when there is sufficient
evidence to justify a prosecution, or to offer an
out-of-court disposal, prosecutors must go on to
consider whether a prosecution is required in the
public interest. The prosecutor must be sure that
there are public interest factors tending against
prosecution that outweigh those tending in favour,
or else the prosecutor is satisfied that the pub-
lic interest may be properly served, in the first
instance, by offering the offender the opportunity
to have the matter dealt with by an out-of-court
disposal. The more serious the offence, or the
offender’s record of criminal behaviour, the more
likely it is that a prosecution will be required in the
public interest.

Inacriminal trialitis for the prosecution to prove
their case to the jury ‘beyond a reasonable doubt’.
If that level cannot be achieved, then the prosecu-
tion fails and the individual is acquitted. If the level
is achieved, then the individual is convicted and a
punitive sentence is applied. The defence does not
have to prove innocence because any individual
is presumed innocent until found guilty. Defence
lawyers aim to identify inconsistencies and inac-
curacies or weaknesses of the prosecution case
and can also present their own evidence.

The penalties that can be imposed in the crim-
inal system commonly include financial (fines)
and loss of liberty (imprisonment) and com-
munity based sentences. Some countries allow
for corporal punishment (beatings), mutilation

(amputation of parts of the body) and capital
punishment (execution).

Civil law: “On the balance
of probabilities”

Civil law is concerned with the resolution of dis-
putes between individuals. The aggrieved party
undertakes the legal action and most of the rem-
edies are financial. All kinds of dispute may be
encountered, including those of alleged neg-
ligence, contractual failure, debt, and libel or
slander. The civil courts can be viewed as a mech-
anism set up by the state that allows for the fair
resolution of disputes in a structured way.

The standard of proof in the civil setting is
lower than that in the criminal setting. In civil pro-
ceedings, the standard of proof is ‘on the balance
of probabilities’ — a fact will be established if it
is more likely than not to have happened. If the
standard of proof is met, the penalty that can be
imposed by these courts is designed to restore the
position of the successful claimant to that which
they had before the event, and is generally finan-
cial compensation (damages). The District Court
awards damages up to €15,000 and the Circuit
Court up to €75,000 (but only up to €60,000 for
personal injury claims). In certain circumstances
there may be a punitive element to the judge-
ment. In both civil and criminal trials, the person
against whom the action is being taken is called
the defendant; the accuser in criminal trials is the
state and in civil trials it is the plaintiff.

B Doctors and the law

Doctors and other professionals may become
involved with the law in the same way as any other
private individual: they may be charged with a
criminal offence or they may be sued through
the civil court. A doctor may also be witness to a
criminal act and may be required to give evidence
about it in court.

However, it is hoped that these examples will
only apply to the minority of professionals read-
ing this book. For most, the nature of the work may
result in that individual providing evidence that
may subsequently be tested in court. Doctors may
also become involved with the law simply because
they have professional skills or experience.
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1 Principles of forensic practice

In these cases, the doctor (or other professional)
may have one of two roles in relation to the court,
either as a professional or as a healthcare expert
witness, the delineation of which can sometimes
overlap.

Professional witness

A professional witness is one who gives factual
evidence. This role is equivalent to a simple wit-
ness of an event, but occurs when the doctor is
providing factual medical evidence. For example,
an emergency department doctor may confirm
that a leg was fractured or that a laceration was
present and may report on the treatment given.
A primary care physician may confirm that an
individual has been diagnosed as having epi-
lepsy or angina. No comment or opinion is gen-
erally given and any report or statement deals
solely with the relevant medical findings.

Expert witness

An expert witness is one who expresses an opin-
ion about medical facts. An expert will form an
opinion, for instance about the cause of the frac-
tured leg or the laceration. An expert may express
an opinion about the cause or effects of the epi-
lepsy or the ability of an individual with angina to
drive a passenger service vehicle. Before forming
an opinion, an expert witness will ensure that the
relevant facts about a case are made available
to them and they may also wish to examine the
patient.

There are often situations of overlap between
these professional and expert witness roles. For
example a forensic physician may have docu-
mented a series of injuries having been asked
to assess a victim of crime by the Gardai and
then subsequently be asked to express an opin-
ion about causation. A forensic pathologist will
produce a report on her or his post-mortem
examination (professional aspect) and then form
conclusions and interpretation based upon their
findings (expert aspect).

The role of an expert witness should be to
give an impartial and unbiased assessment or
interpretation of the evidence that they have
been asked to consider. The expert’s duty to
the court overrides any obligation to the person
who is instructing or paying them. There is also
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a duty on an expert witness to keep up to date
in their specialist area of practice. Paragraph 57
of the Medical Council’s Guide to Professional
Conduct and Ethics (2009) sets out the principles
that should be applied by doctors when provid-
ing medical reports and this guidance should be
considered by any doctor acting as an expert
witness. The over-riding duties of the expert wit-
ness were set out in the UK’s Ikarian Reefer case
(1993) FSR 563. His Honour, Judge Cresswell,
reviewed the duties of an expert in the case and
identified the following key elements to expert
evidence:

1 Expert evidence presented to the court
should be, and should be seen to be, the
independent product of the expert uninflu-
enced as to form or content by the exigencies
of litigation.

2 An expert witness should provide indepen-
dent assistance to the Court by way of objec-
tive, unbiased opinion in relation to matters
within his expertise.

3 An expert witness in the High Court should
never assume the role of an advocate.

4 An expert should state facts or assumptions
upon which his opinion is based.

5 He should not omit to consider material facts
which could detract from his concluded
opinion.

6 An expert witness should make it clear when
a particular question or issue falls outside his
area of expertise.

1If an expert’s opinion is not properly
researched because he considers that insuf-
ficient data are available, then this must be
stated with an indication that the opinion is no
more than a provisional one.

8 In cases where an expert witness, who has
prepared a report, could not assert that the
report contained the truth, the whole truth
and nothing but the truth without some quali-
fication, that qualification should be stated in
the report.

9 If, after exchange of reports, an expert wit-
ness changes his views on a material matter
having read the other side’s report or for any
other reason, such change of view should
be communicated (through legal represen-
tatives) to the other side without delay and
when appropriate to the court.



10 Where expert evidence refers to photographs,
plans, calculations, analyses, measurements,
survey reports or other similar documents,
these must be provided to the opposite party at
the same time as the exchange of reports.

A more recent case further clarified the role of
the expert witness (Toulmin HH]J in Anglo Group
plc v Winther Brown & Co. Ltd. 2000)

1 An expert witness should at all stages in the
procedure, on the basis of the evidence as he
understands it, provide independent assis-
tance to the court and the parties by way of
objective unbiased opinion in relation to
matters within his expertise. This applies as
much to the initial meetings of experts as to
evidence at trial. An expert witness should
never assume the role of an advocate.

2 The expert’s evidence should normally be
confined to technical matters on which the
court will be assisted by receiving an expla-
nation, or to evidence of common professional
practice. The expert witness should not give
evidence or opinions as to what the expert
himself would have done in similar circum-
stances or otherwise seek to usurp the role of
the judge.

3 He should cooperate with the expert of the
other party or parties in attempting to nar-
row the technical issues in dispute at the ear-
liest possible stage of the procedure and to
eliminate or place in context any peripheral
issues. He should cooperate with the other
expert(s) in attending without prejudice
meetings as necessary and in seeking to
find areas of agreement and to define pre-
cisely areas of disagreement to be set out in
the joint statement of experts ordered by the
court.

4 The expert evidence presented to the court
should be, and be seen to be, the independent
product of the expert uninfluenced as to form
or content by the exigencies of the litigation.

5 An expert witness should state the facts or
assumptions upon which his opinion is based.
He should not omit to consider material facts
which could detract from his concluded
opinion.

6 An expert witness should make it clear when
a particular question or issue falls outside his
expertise.

1 Where an expert is of the opinion that his
conclusions are based on inadequate factual
information he should say so explicitly.

8 An expert should be ready to reconsider his
opinion, and if appropriate, to change his mind
when he has received new information or has
considered the opinion of the other expert.
He should do so at the earliest opportunity.

These points remain the essence of the duties
of an expert within the Irish jurisdiction and the
expert witness here still enjoys immunity from
being sued based on the evidence given. This is
not the case in England and Wales, where in March
2011, in the landmark judgement of Jones v Kaney
[2011] UKSC 13, the Supreme Court abolished
immunity for expert witnesses. The decision has
drawn the actions of the expert witness into sharp
focus and therefore it is very important for any
doctor acting as an expert witness to fully under-
stand the duties that are attached to it. This entire
area is an evolving area of law.

Statements and reports

A statement in a criminal case is a report that is
prepared in a particular form so that it can be
used as evidence. There is an initial declaration
that ensures that the person preparing the state-
ment is aware that they must not only tell the truth
but must also ensure that there is nothing within
the report that they know to be false. The effect of
this declaration is to render the individual liable
for criminal prosecution if they have lied. A state-
ment provided when acting as a professional wit-
ness will be based on the contemporaneous notes
(notes or records made at the time of examina-
tion), and it is important that the statement fairly
reflects what was seen or done at the time. A state-
ment may be accepted by both defence and pros-
ecution, negating the need for court attendance.
If, for example, the defence does not accept the
findings or facts expressed, the doctor will be
called to court to give live evidence and be sub-
ject to examination, cross examination and re-
examination. In criminal cases, an expert report
commissioned by the defence does not have
to be made available to the prosecution but the
prosecution’s expert reports are made available
to the defence. The reason for this is because a
person does not have to prove in court that they
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1 Principles of forensic practice

are innocent as everyone is presumed innocent
unless it is found otherwise. Therefore, it is up to
the prosecution to make the case, not the other
way around.

In civil actions a different style in relation to
reportsisadopted.In civil cases, a sworn statement
(an affidavit) is made before a lawyer who admin-
isters an oath or other formal declaration at the
time of signing. This makes the document accept-
able to the court. However, it must be remem-
bered that in the common law system, personal
appearances are common and it is the verbal evi-
dence - tested by the defence - that is important.
Where a case goes to court with, for example, a
personal injury claim, the expert report must have
been made available to both sides. However, if an
expert report was obtained, with the intention of
calling the person as an expert witness, and it is
now not intended to use the witness, there is no
obligation to deliver the report to the other side.
In 2006, the Supreme Court held in the Payne v
Shovlin case that if the expert’s report was pre-
pared containing the substance of the evidence to
be given in the case, even if it was included in a
subsequent more comprehensive report, the ear-
lier report must also be disclosed.

The Medical Council’s Guide to Professional
Conduct and Ethics deals with medical reports in
the context of providing same for solicitors or
insurance companies (see section 57 of the Guide).
In addition to many of the points discussed above,
it also includes a reminder to the doctor that;

(57.2) If you are asked to conduct examina-
tions where results are to be communicated
to third parties such as insurance companies
or legal representatives, you should explain
to the patient beforehand the nature of the
activity and the purpose of the examination.
You should conduct these examinations and
prepare the reports to the same standard of
professionalism as applies to the care and
treatment of any other patient.

Doctors should also be mindful of terms such as
‘legally privileged’ documents or reports. Legal
privilege applies to documents that were only
created because of potential litigation. These
documents would typically be communications
between the lawyer and the client or medico-legal
legal advice that was received. Ordinary medical
records are not legally privileged material.

Attending court

If a citizen is asked to appear as a witness for the
court, it is the duty of all to comply, and attend-
ance at court is generally presumed without the
need to resort to a written order. Court listing
offices try to take into account ‘dates to avoid’ (e.g.
clinics or operating sessions, pre-booked holi-
days or other court commitments), but this is not
always successful. When notified that a court case
in which you are a witness is going to take place,
it is generally possible to agree a specific day on
which your attendance is required. However, the
court does have total authority and sometimes
will compel attendance even when you have other
commitments. In this case, a witness summons will
be issued. This a court order signed by a judge
or other court official that must be obeyed or the
individual will be in contempt of court and a fine
or imprisonment may result.

Waiting to give evidence involves much time
wasting and frustration, but it is important that wit-
nesses do not delay court proceedings by failure
to attend, or being late. Reasons for last minute
changes in the need for court attendance include
factors such as a guilty plea being entered on
the first day of the trial, or acceptance of a lesser
charge.

Giving evidence

When called into court, every witness will, almost
invariably, undergo some formality to ensure that
they tell the truth. ‘Taking the oath’ or ‘swearing in’
requires a religious text (e.g. the New Testament,
the Old Testament, the Koran) appropriate to the
individual’s religious beliefs (if any) or a public
declaration can be made in a standard form with-
out the need to touch a religious artefact. This
latter process is sometimes referred to as ‘affirm-
ing’. Regardless of how it is done, the effect of the
words is the same: once the oath has been taken,
the witness is liable for the penalties of perjury.

Whether called as a witness of fact, a profes-
sional witness of fact or an expert witness, the pro-
cess of giving evidence is the same.

Whoever has ‘called’ the witness will be the
first to examine them under oath; this is called
the ‘examination-in-chief’ and the witness will
be asked to confirm the truth of the facts in their
statement(s). This examination may take the form



of one ‘catch all’ question as to whether the whole
of the statement is true, or the truth of individual
facts may be dealt with one at a time. If the witness
is not an expert, there may be questions to ascer-
tain how the facts were obtained and the results
of any examinations or ancillary tests performed.
If the witness is an expert, the questioning may
be expanded into the opinions that have been
expressed and other opinions may be sought.

When this questioning is completed, the other
lawyers will have the opportunity to question the
witness; this is called ‘cross-examination’. This
questioning will test the evidence that has been
given and will concentrate on those parts of the
evidence that are damaging to the lawyer’s case.
It is likely that both the facts and any opinions
given will be tested.

The final part of giving evidence is the ‘re-
examination’. Here, the original lawyer has the
opportunity to clarify anything that has been
raised in cross-examination but the lawyer cannot
introduce new topics.

The judge may ask questions at any time if he
feels that by doing so it may clarify a point or
clear a point of contention, or if he thinks coun-
sel are missing a point. The judge may allow the
jury to ask questions. However, most judges will
refrain from asking questions until the end of the
re-examination.

B Doctors in court

Any medico-legal report must be prepared and
written with care because it will either constitute
the medical evidence on that aspect of a case or it
will be the basis of any oral evidence that may be
given in the future. Any doctor who does not, or
cannot, sustain the facts or opinions made in the
original report while giving live evidence may,
unless there are reasons for the specific alteration
in fact or opinion, find themselves embarrassed.
Any medical report or statement submitted to
courts should always be scrutinized by the author
prior to signing and submitting it to avoid factual
errors (e.d. identifying the wrong site of an injury
or sloppy typographical errors). However, any
comments or conclusions within the report are
based upon a set of facts that surround that par-
ticular case. If the lawyers in court suggest other
facts or hypotheses during their examination, a

doctor should reconsider the medical evidence in
the light of these new facts or hypotheses and, if
necessary, should accept that, in view of the differ-
ent basis, his conclusions may be different. If the
doctor does not know the answer to the question
he should say so, and if necessary ask the judge
for guidance in the face of particularly persistent
counsel. Similarly, if a question is out of the area of
expertise of the witness, it is right and appropriate
to say so and to decline to answer the question.

Anyone appearing before any court in either
role should ensure that her or his dress and
demeanour are compatible with the role of an
authoritative professional. It is imperative that
doctors retain a professional demeanour and give
their evidence in a clear, balanced and dispas-
sionate manner.

The oath or affirmation should be taken in a
clear voice. Most court proceedings are recorded
and microphones are often placed for that pur-
pose, not for amplifying speech. In some courts,
witnesses will be invited to sit, whereas in others
they will be required to stand. Many expert wit-
nesses prefer to stand as they feel that it adds to
their professionalism, but this decision must be
matter of personal preference. Whether standing
or sitting, the doctor should remain alert to the
proceedings and should not lounge or slouch. The
doctor should look at the person asking the ques-
tions and, if there is one, at the jury when giving
their answers; they should remain business-like
and polite at all times.

Evidence should also be given in a clear voice
that is loud enough to reach across the courtroom.
Take time in responding and be aware that judges
(and lawyers) will be writing down or typing
responses. Most witnesses will at some time have
been requested to ‘Pause, please’ as the legal pro-
fession attempt to keep up with complex medical
or scientific points.

When replying to questions, it is important
to keep the answers to the point of the ques-
tion and as short as possible: an over-talkative
witness who loses the facts in a welter of words
is as bad as a monosyllabic witness. Questions
should be answered fully and then the witness
should stop and wait for the next question. On
no account should a witness try to fill the silence
with an explanation or expansion of the answer.
If the lawyers want an explanation or expansion
of any answer, they will, no doubt, ask for it. Clear,
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1 Principles of forensic practice

concise and complete should be the watchwords
when answering questions.

Becoming hostile, angry or rude as a witness
while giving evidence does not help in convey-
ing credibility of the witness to a court. Part of the
role of the lawyer’s questioning is to try and elicit
such responses, which invariably are viewed
badly by juries — expect to have qualifications,
experience and opinions challenged. It is impor-
tant to remember that it is the lawyers who are
in control in the courtroom and they will very
quickly take advantage of any witness who shows
such emotions. No matter how you behave as a
witness, you will remain giving evidence until the
court says that you are released,; it is not possible
to bluff, boast or bombast a way out of this situ-
ation — and every witness must remember that
they are under oath. A judge will normally inter-
vene if he feels that the questioning is unreason-
able or unfair.

A witness must be alert to attempts by lawyers
unreasonably to circumscribe answers: ‘yes’ or
‘no’ may be adequate for simple questions but
they are simply not sufficient for most questions
and, if told to answer a complex question ‘with a
simple “yes” or “no” doctor’, he should decline to
do so and, if necessary, explain to the judge that it
is not possible to answer such a complex question
in that way.

The old forensic adage of ‘dress up, stand up,
speak up and shut up’ is still entirely applicable
and it is unwise to ignore such simple and practi-
cal advice.

Preparation of medical reports

The diversity of uses of a report is reflected in
the individuals or groups that may request one:
a report may be requested by the Gardai, pros-
ecutors, coroners, judges, medical administrators,
government departments, city authorities or law-
yers of all types. The most important question that
doctors must ask themselves before agreeing to
write a report is whether they (1) have the exper-
tise to write such a report and (2) have the author-
ity to write such a report. A good rule of thumb
is to ensure that, when medical records will need
to be reviewed, written permission to access and
use those records has been given, either by the
individual themselves, or by an individual or body
with the power to give that consent. If consent has
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not been sought, advice should be sought from
the relevant court or body for permission to pro-
ceed.The fact of a request, even from a court, does
not mean that a doctor can necessarily ignore the
rules of medical confidentiality; however, a direct
order from a court is a different matter and should,
if valid, be obeyed. Any concerns about such mat-
ters should be raised with the appropriate medi-
cal defence organization.

Medical confidentiality is dealt with in greater
detail in Chapter 2, but in general terms the con-
sent of a living patient is required and, if at all pos-
sible, this should be given in writing to the doctor.
There are exceptions, particularly where serious
crime is involved. In some countries or jurisdic-
tions both doctor and patient may be subject to
different rules that allow reports to be written
without consent. If no consent was provided, this
should be stated in the report, as should the basis
on which the report was written. Any practition-
ers should make themselves aware of the relevant
laws and codes of conduct applicable to them
within their current jurisdiction.

In general, in most countries it is considered
inappropriate for non-judicial state agencies to
order a doctor to provide confidential information
against the wishes of the patient, although where
a serious crime has been committed the doctor
may have a public duty to assist the law enforce-
ment system. It is usual for the complainant of an
assault to be entirely happy to give permission for
the release of medical facts so that the perpetrator
can be brought to justice. However, consent cannot
be assumed, especially if the alleged perpetrator
is the husband, wife or other member of the fam-
ily. It is also important to remember that consent to
disclose the effects of an alleged assault does not
imply consent to disclose all the medical details
of the victim, and a doctor must limit his report to
relevant details only.

Mandatory reporting of medical issues may be
relevant in some countries; often these relate to
terrorism, child abuse, use of a weapon and other
violent crime.

Structure of a statement
or report

The basis of most reports and statements lies in
the contemporaneous notes made at the time of an
examination and it is essential to remember that



copies of these notes will be required in court if
you are called to give live evidence.

Many court or tribunal settings have specific
protocols for written report production but in gen-
eral most will include the information and details
referred to below. When instructed to prepare
an expert report always clarify whether or not a
specific structure is required and if so, follow it
assiduously.

A simple professional witness statement (one
that simply reports facts found at examination) will
be headed by specific legal wording. Included
may be the doctor’s professional address and
qualifications should follow. The date of the report
is essential and the time(s), date(s) and place(s) of
any examination(s) should be listed, as should the
details of any other person who was present dur-
ing the examination(s). Indicate who requested
the statement, and when. Confirm your under-
standing of your role at the time (e.g. ‘I was called
by the Gardai to examine an alleged victim of
assault to document his injuries’). Confirm that
the patient has given consent for the release of the
medical information (if no consent is available it
must be sought). By referral to contemporaneous
notes outline the history that you were aware of
(... ‘Mr X told me that...). In simple terms sum-
marize your medical findings. If information other
than observation during a physical examination
(e.g. medical records, X rays) forms part of the
basis of the report, it too must be recorded.

Clarity and simplicity of expression make
the whole process simpler. Statements can be
constructed along the same lines as the clinical
notes — they should structured, detailed (but not
over-elaborate — no one needs to be impressed
with complex medical and scientific terms) and
accurate. Do not include every single aspect of a
medical history unless it is relevant and consent
has been given for its disclosure. A court does
not need to know every detail, but it does need
to know every relevant detail, and a good report
will give the relevant facts clearly, concisely and
completely, and in a way that an intelligent person
without medical training can understand.

Medical abbreviations should be used with
care and highly technical terms, especially
those relating to complex pieces of equipment
or techniques, should be explained in simple,
but not condescending, terms. Abbreviations in
common usage such as ECG can generally be

used without explanation although occasionally
further explanation is required.

It is preferable not to submit handwritten or
proforma type statements unless absolutely una-
voidable. A clear, concise and complete report or
statement may prevent the need for court attend-
ance at all, and if you do have to give evidence, it
is much easier to do so from a report that is leg-
ible. The contemporaneous clinical notes may be
required to support the statement and it is wise to
ensure that all handwriting within such notes has
been reviewed (and interpreted) prior to entering
the witness box.

Autopsy reports are a specialist type of report
and may be commissioned by the coroner, the
Gardai or any other legally competent person or
body. Again, as with expert reports, there may be
standardized protocols or proforma. The author-
ity to perform the examination will replace the
consent given by a live patient, and is equally
important. The history and background to the
death will be obtained by the Gardai, but the doc-
tor should seek any additional details that appear
to be relevant, including speaking to any clini-
cians involved in the care of the deceased and
reviewing the hospital notes. A visit to the scene
of death in non-suspicious deaths, especially if
there are any unusual or unexplained aspects, is
to be encouraged.

An autopsy report is confidential and should
only be disclosed to the legal authority who com-
missioned the examination. Disclosure to others,
who must be interested parties, may only be made
with the specific permission of the commissioning
authority and, in general terms, it would be sensi-
ble to allow that authority to deal with any requests
for copies of the report.

Doctors must resist any attempt to change or
delete any parts of their report by lawyers who
may feel those parts are detrimental to their case;
any requests to rewrite and resubmit a report with
alterations for these reasons should be refused.
Lawyers may sometimes need to be reminded
of the role of the doctor and their duties, both as
doctors and as experts. Pressure from lawyers
to revise or manipulate a report inappropriately
warrants referral to their professional body, and
the court should be informed. The doctor should
always seek the advice of the judge of matters
arising that may result in potential breaches of
these important duties.
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B Introduction

Medical practice has many forms and can embrace
many backgrounds and discipline. Examples
include the predominantly science based “Western
medicine’, traditional Chinese medicine, Ayurvedic
medicine in India, and the many native systems
from Africa and Asia. It is not unusual for more
than one system to work together such as Chinese
and Western medicine in parts of China. There
are other alternative and complementary forms of
medicine with varying degrees of evidence and
science on which they are based. These alternative
forms of medicine may have their own traditions,
conventions and variably active codes of conduct.
The focus of this chapter will relate to the relatively
easily defined science-based “Western medicine’,
although to describe modern, science based medi-
cine as ‘Western medicine’is historically inaccurate
because its origins can be traced through ancient
Greece to a synthesis of Asian, North African and
European medicine.

Law & ethics
1N medical
practice

M Duties, promises
and pledges

The Greek tradition of medical practice was epito-
mized by the Pythagorean Schools of thought around
400 Bc. It was there that the foundations of both mod-
ern medicine and the ethical facets of the practice
of that medicine were laid. A form of words univer-
sally known as the Hippocratic Oath was developed
at and for those times, but the fact that it remains
the basis of ethical medical behaviour, even though
some of the detail is now obsolete, is a testament to
its simple common sense and universal acceptance.
A generally accepted translation is as follows:

Iswear by Apollo the physician, and Asclepius,
and Hygieia and Panacea and all the gods and
goddesses as my witnesses, that, according to
my ability and judgement, I will keep this Oath
and this contract:

To hold him who taught me this art equally
dear to me as my parents, to be a partner
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2 Law & ethics in medical practice

in life with him, and to fulfil his needs when
required; to look upon his offspring as equals
to my own siblings, and to teach them this art,
if they shall wish to learn it, without fee or con-
tract; and that by the set rules, lectures, and
every other mode of instruction, I will impart
a knowledge of the art to my own sons, and
those of my teachers, and to students bound
by this contract and having sworn this Oath to
the law of medicine, but to no others.

I'will use those dietary regimens which will
benefit my patients according to my greatest
ability and judgement, and I will do no harm
or injustice to them.

I will not give a lethal drug to anyone if I
am asked, nor will I advise such a plan; and
similarly I will not give a woman a pessary to
cause an abortion.

In purity and according to divine law will I
carry out my life and my art.

I'will not use the knife, even upon those suf-
fering from stones, but I will leave this to those
who are trained in this craft.

Into whatever homes I go, I will enter them
for the benefit of the sick, avoiding any volun-
tary act of impropriety or corruption, includ-
ing the seduction of women or men, whether
they are free men or slaves.

Whatever I see or hear in the lives of my
patients, whether in connection with my pro-
fessional practice or not, which ought not to
be spoken of outside, I will keep secret, as
considering all such things to be private.

So long as I maintain this Oath faithfully and
without corruption, may it be granted to me
to partake of life fully and the practice of my
art, gaining the respect of all men for all time.
However, should I transgress this Oath and
violate it, may the opposite be my fate.

It is commonly believed that all medical prac-
titioners (in Ireland, this is defined as a medical
practitioner registered by the Medical Council)
have taken the Hippocratic Oath. This is in fact
not the case but the key principles espoused
form the basis of what is broadly called ‘medi-
cal ethics’. The principles of medical ethics have
developed over several thousand years and con-
tinue to evolve and change, influenced by society,
the legal profession and, most essentially, by the
medical profession itself. Virtually every day a
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news story will run in the media which may have
its basis in the interpretation of aspects of medi-
cal ethics, such as euthanasia and abortion. The
laws governing the practice of medicine vary from
country to country, but the broad principles of
medical ethics are global and are formulated not
only by national medical associations but by inter-
national organisations such as the World Medical
Association (WMA).

B International codes
of medical ethics

Assorted bodies explore and attempt to define
matters of medical ethics. In pursuit of this goal,
the WMA has adopted global policy statements
on a range of ethical issues related to medical
professionalism, patient care, research on human
subjects and public health. The WMA Council
and its standing committees regularly review and
update existing policies and continually develop
new policy on emerging ethical issues. Founded
in 1947, the WMA has a central objective, which
is to establish and promote the highest possible
standards of ethical behaviour and care by physi-
cians. It was World War II that brought a recogni-
tion of medical ethics to the fore and it was one of
the main reasons why the WMA was established.

The horrific violations of medical ethics during
WWII were brought to light during the Nuremberg
War Crimes Tribunals and in particular, during the
Doctor’s Trial. The 23 defendants in the Doctor’s
Trial (and all but three were physicians) were
accused of murder and torture in the conduct of
‘medical experiments’ on concentration-camp
inmates. Their trial resulted in the Nuremberg
Code, which focused on the concept of informed
consent relating to medical practice. After this
trial, in 1948, the international medical community
via the WMA restated the Hippocratic Oath in a
modern form in the Declaration of Geneva. It was
recently amended in 2006 to state:

At the time of being admitted as a member
of the medical profession:

B Isolemnly pledge to consecrate my life to
the service of humanity;

B I will give to my teachers the respect and
gratitude that is their due;



B I will practise my profession with con-
science and dignity;

B The health of my patient will be my first
consideration;

B I will respect the secrets that are confided
in me, even after the patient has died;

B I will maintain by all the means in my
power, the honour and the noble traditions
of the medical profession;

B My colleagues will be my sisters and
brothers;

B I will not permit considerations of age,
disease or disability, creed, ethnic origin,
gender, nationality, political affiliation, race,
sexual orientation, social standing or any
other factor to intervene between my duty
and my patient;

B I will maintain the utmost respect for
human life;

B I will not use my medical knowledge to
violate human rights and civil liberties,
even under threat;

B I make these promises solemnly, freely
and upon my honour.

The WMA has also amended, on a number of occa-
sions, the International Code of Medical Ethics,
which includes definitions such as the ‘Duties
of a Physician in General’. The Code was most
recently updated in 2006 and Box 2.1 shows the
Code in full.

The principles espoused by these duties and
the pledges are embraced in one form or another
by most medical bodies representing medical
practitioners around the world. Table 2.1 iden-
tifies some of the WMA Declarations in recent
years, and shows the breadth of subject matter
that requires consideration.

B Duties of doctors —
Irish perspective

Increasingly, regulatory bodies are defining in
relatively unambiguous terms how professionals
should work. In Ireland, the Medical Council has
published a document on how a registered medi-
cal practitioner should behave professionally.
Entitled A Guide to Professional Conduct and Ethics
for Registered Medical Practitioners, it advises

doctors on a number of key issues. Extracts from
this Guide are provided in Box 2.2.

The Medical Council’s guide gives advice and
guidance for doctors in Ireland on a number of
specific areas, for example concerning the use of
chaperones when undertaking physical and/or
intimate examinations. Box 2.3 shows the advice
given by the Medical Council on the subject.

It is up to the medical practitioner to determine
for each patient seen, in whatever clinical setting
(including custodial and penal facilities), that they
are following such guidance. Clearly, however,
irrespective of the cause for the examination,
based on the Medical Council guidelines, visual
assessment or physical examination that involves
touching, by hand, of an intimate area will consti-
tute an intimate examination and it is appropriate
for the relevant principles described in Box 2.3
to be put into practice. Patients have a right to be
informed about what is going to happen and who
is going to carry out the procedure. It is advisable
to record all such information within contempo-
raneous medical records, including if a patient
declines to have a chaperone present. A medical
practitioner should always be mindful of how any
actions might be perceived at a later date by any-
one reviewing their conduct, and to ensure they
can justify whatever action they took.

Other healthcare professionals may nowadays
have expanded roles in healthcare and for exam-
ple, Sexual Assault Nurse Examiners are in prac-
tice increasingly around the world. All will have
their own professional standards and accountabil-
ity, and the duties that they have to their patients
may be very explicit or more generalized.

B Medical ethics
in practice

The formal role of ethics in contemporary medi-
cine has expanded in recent years and is reflected
in many issues, such as the use of research
and ethics committees for the consideration of
research on humans, and the increasing role of
clinical ethicists who may work closely with other
professional such as geneticists and transplant
centres. Medical ethics is incorporated into medi-
cal school curricula as the need for knowledge
of such matters becomes increasingly important
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2 Law & ethics in medical practice

Box 2.1 Duties of a physician as defined by the World Medical Association

Duties of a physician in general

A physician shall:

@ Always exercise his/her independent professional judgement and maintain the highest standards of professional conduct

Respect a competent patient’s right to accept or refuse treatment

Not allow his/her judgement to be influenced by personal profit or unfair discrimination

Be dedicated to providing competent medical service in full professional and moral independence, with compassion and respect for human dignity

Deal honestly with patients and colleagues, and report to the appropriate authorities those physicians who practise unethically or incompetently or who
engage in fraud or deception

Not receive any financial benefits or other incentives solely for referring patients or prescribing specific products

Respect the rights and preferences of patients, colleagues, and other health professionals

® Recognize his/her important role in educating the public but use due caution in divulging discoveries or new techniques or treatment through non profes-
sional channels

Certify only that which he/she has personally verified

Strive to use health care resources in the best way to benefit patients and their community

Seek appropriate care and attention if he/she suffers from mental or physical illness

Respect the local and national codes of ethics

Duties of physicians to patients

A physician shall:

@ Always bear in mind the obligation to respect human life

@ Actin the patient’s best interest when providing medical care

@ Owe his/her patients complete loyalty and all the scientific resources available to him/her. whenever an examination or treatment is beyond the physi-
cian’s capacity, he/she should consult with or refer to another physician who has the necessary ability

@ 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

@ Give emergency care as a humanitarian duty unless he/she is assured that others are willing and able to give such care

@ In situations when he/she is acting for a third party, ensure that the patient has full knowledge of that situation

@ Not enter into a sexual relationship with his/her current patient or into any other abusive or exploitative relationship

Duties of physicians to colleagues

A physician shall:

® Behave towards colleagues as he/she would have them behave towards him/her

@ Not undermine the patient—physician relationship of colleagues in order to attract patients

o When medically necessary, communicate with colleagues who are involved in the care of the same patient. This communication should respect patient
confidentiality and be confined to necessary information

WMA International code of Medical Ethics. Latest amendment: WMA General Assembly, Pilanesberg, South Africa, October 2006. Copyright World
Medical Association. All rights reserved.

Box 2.2 From A Guide to Professional Conduct and Ethics

Doctors must always be guided by their primary responsibility to act in the best interests of their patients, without being influenced by any personal con-
Sideration. They should act independently in the service of their patients and have a responsibility to advocate with the relevant authorities for appropriate
healthcare resources and facilities. ... Medical professionalism is a core element of being a good doctor. Good medical practice is based on a relationship of
trust between the profession and society, in which doctors are expected to meet the highest standards of professional practice and behaviour. It involves a
partnership between patient and doctor that is based on mutual respect, confidentiality, honesty, responsibility and accountability.

The General Principles

In addition to maintaining your clinical competence as a doctor you should also:

@ show integrity, compassion and concern for others in your day-to-day practice,

@ develop and maintain a sensitive and understanding attitude with patients,

@ exercise good judgement and communicate sound clinical advice to patients,

@ search for the best evidence to guide your professional practice, and

® Dbe committed to continuous improvement and excellence in the provision of health care, whether you work alone or as part of a team.

A Guide to Professional Conduct and Ethics for Registered Medical Practitioners published by the Medical Council in 2009 and available online at: http://
www.medicalcouncil.ie/Registration/Guide-to-Professional-Conduct-and-Behaviour-for-Registered-Medical-Practitioners. pdf (accessed 10 April 2013)
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Table 2.1 Example Declarations of the World Medical Association

Declaration

Key topic

Most recently amended

1948 The Declaration of Geneva Humanitarian goals of medicine 2006
1964 The Declaration of Helsinki Human experimentation and clinical trials 2008
1968 The Declaration of Sydney Determination of death and the recovery of organs 2006
1970 The Declaration of Oslo Therapeutic abortion 2006
1975 The Declaration of Tokyo Torture and other cruel and degrading treatment or 2006
punishment
1981 The Declaration of Lisbon Rights of the patient 2005
1983 The Declaration of Venice Terminal illness 2006
1987 Declaration on Euthanasia Euthanasia 2005
1989 The Declaration of Hong Kong The abuse of the elderly 2005
1991 The Declaration of Malta Hunger strikers 2006
1997 The Declaration of Hamburg Support for medical doctors who refuse to condone or 2007
participate in torture
1998 The Declaration of Ottawa Child health 2009
2000 The Declaration of Edinburgh Prison conditions and the spread of TB and other 2011
communicable diseases
2002 The Declaration of Washington Biological weapons 2003
2002 Declaration on Patient Safety Patient safety -
2008 The Declaration of Seoul Professional autonomy and clinical independence -
2009 The Declaration of Delhi Health and climate change -
2011 The Declaration of Montevideo Disaster preparedness and medical response -
2011 Declaration of End-of-Life Medical Care | End-of-life care -

Box 2.3 Physical and intimate examinations

Clinical assessment of a patient often involves a physical examination as
well as relevant history-taking. You should explain what this examination
will entail and seek permission from the patient before making a physical
examination.

Where an intimate examination is necessary, you should explain to the
patient why it is needed and what it will entail. You should also let the
patient know that they can have a chaperone present if they wish.

with high-technology medicine creating clinical
scenarios that were unthinkable even three dec-
ades ago.

Examples of the type of subject that may be
embraced in discussions on medical ethics may
include:

B patient autonomy and a patient’s right to refuse
or choose treatment

B obligatory versus non-obligatory treatment

B end-of-life and beginning-of-life discussions

B dignity, honesty and respect

It is important for doctors and other healthcare
professionals to be aware of these issues, even if

they do not provide immediate answers to clinical
dilemmas. Sometimes these factors conflict — for
example, a Jehovah’s Witness declining a blood
transfusion even though the doctor knows that
death will ensue.

There are few medical or healthcare activi-
ties that do not have some ethical considerations,
varying from research on patients to medical
confidentiality, from informed consent to doctor—
doctor relationships. Often, law develops as a
result of public and political debate on such
issues. Breaches of such ethics may result in dis-
ciplinary processes and the sanctions that can be
applied by professional bodies against the doctor
found guilty of unethical practices.

Although the spectrum of unethical conduct
is wide, certain universally relevant subjects are
recognized. The seriousness with which each is
viewed may vary considerably in different parts of
the world. In the practice of medicine, ethics and
law play important roles and it should be remem-
bered that a doctor, while neither a philosopher
nor a lawyer, would benefit from a little knowl-
edge of both subjects.
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2 Law & ethics in medical practice

B The law of tort in
relation to medical
neqgligence

Before discussing medical law in the question
“what is tort?” must be addressed. In short, tort is
a civil wrong that arises from an act (or failure to
act) that results in a personal injury or property
damage claim. In relation to tort and the medical
profession, it arises where medical negligence is
an issue. However, for such medical negligence
cases to result in any successful claim, a person
must be able to show, in court, that they were:

1 Owed a duty of care;

2 That this duty was breached;

3 That an actual injury was suffered be it either
physical or mental or both;

4 And that there was causation. In other words,
on the balance of probabilities, did the alleged
breach of the duty of care probably result in the
injury?

If these four things can be shown in court then
damages may be awarded. Of course, there is one
other proviso that must be borne in mind; claims
have to be made within a certain time limit. For
medical negligence cases this time limit is two
years from the event, or two years from the date of
knowledge of the event. However, in order to prop-
erly understand the terms listed above, and there-
fore to properly understand medical negligence,
each one must be examined in turn.

Duty of care

The notion of a ‘duty of care’ arose from an inter-
esting case based in Paisley, Scotland in 1932. In
short, the case was about a dead snail in a bottle
of ginger beer. Properly known as the Donoghue
v Stevenson case, Mrs Mary Donoghue was in a
café and drank from a bottle of ginger beer, which
contained a dead snail that she discovered after
consuming most of the drink. She claimed that
the dead snail made her almost immediately ill
and a few days later she was admitted to hospital
suffering from severe gastroenteritis and shock.
Mr David Stevenson manufactured the ginger
beer locally and Mrs Donoghue took him to court,
alleging that the product he produced was not
fit for human consumption. Apparently, when the
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empty bottles of ginger beer were returned to
the factory for re-use, the cleaning methods were
less than thorough and empty bottles were left in
places where snails could easily crawl into them.
As a result of this case, the Court set out the ‘neigh-
bour principle’ as follows;

The rule that you are to love your neighbour
becomes in law, you must not injure your
neighbour; and the lawyer’s question, Who
is my neighbour? receives a restricted reply.
You must take reasonable care to avoid acts
or omissions which you can reasonably fore-
see would be likely to injure your neighbour.
Who, then, in law, is my neighbour? The answer
seems to be — persons who are so closely and
directly affected by my act that I ought reason-
ably to have them in contemplation as being so
affected when I am directing my mind to the
acts or omissions which are called in question.

Therefore, a person has a duty to act in a proper
manner towards people who are their ‘neighbour’
(the people who will be affected by your actions).
In other words, you owe a duty of care towards
people who must deal with the consequences of
your actions.

Breach of duty

Once it has been established that a duty of care
is owed, and for the purposes here, let us say that
it has been established that a doctor owed a duty
of care to the patient, then it has to be shown that
the doctor did not reach the required standard of
medical care towards the patient. It is at this point
in the proceedings where the expert evidence will
be heard. Typically, this is where the ‘Bolam Test’is
applied and it arose out of another UK case (in 1957)
entitled, Bolam v Friern Hospital Management
Committee (FHMC). Mr Bolam was a voluntary
patient in a mental health facility run by the FHMC.
As part of his treatment, he agreed to undergo
electro-convulsive therapy (ECT). However, when
he underwent the treatment, he was not given
any muscle relaxant nor was he restrained which
resulted in his body flailing about violently before
the ECT was halted. He suffered many injuries,
some of them very serious, including fractures
of the acetabula. He argued that FHMC was neg-
ligent because he was not given relaxants, nor
was he restrained, that he was not warned about



what could happen to him and that he suffered
injuries as a result. The court heard from various
experts that demonstrated that the hospital had,
in fact, followed standard procedures and medi-
cal care. It was not thought to be in patients’ best
interests to administer relaxants, nor were patients
restrained as serious injury could occur and that it
was common practice not to warn patients about
the risks of ECT when those risks were small. As
it could be shown that what occurred was in-line
with standard practice of the time, Mr Bolam lost
his case. Today, it means that when the ‘Bolam Test’
is applied, the doctor is not negligent where she or
he has acted in accordance with standard practice
as evidenced by the reasonable opinion from doc-
tors of a similar nature.

In Ireland, the ‘Bolam Test’ is further used
in the context of the Dunne case, in Dunne v
National Maternity Hospital (and it should be
noted that this case was the last time a jury heard
a personal injury case in Ireland). The case was
about a twin pregnancy and traumatic delivery.
During the mother’s labour (at 38 weeks gesta-
tion), she noticed extreme foetal movement over
a 15-minute period. This was not acted upon and
eventually, after the birth was expedited, one twin
was delivered with severe brain damage resulting
in cerebral palsy and the other twin was deliv-
ered dead and was slightly macerated. It is likely
that the twin had died prior to admission to hos-
pital but the medical staff had not noticed this.
Additionally, only one foetal heartbeat had been
monitored during the birth and the hospital had
argued that this was standard practice with the
delivery of twins. The Dunne family won their case
but it was appealed by the hospital to the Supreme
Court, where it was eventually settled on a com-
promise. The hospital was found to be negligent
but the consultant obstetrician involved was not.
The Supreme Court’s judgement summarised the
legal principles which the courts should adopt in
all cases of medical negligence. These six ‘Dunne
Principles’ are as follows;

1 The true test for establishing negligence in
diagnosis or treatment on the part of a medical
practitioner is whether he has been proved to
be guilty of such failure as no medical practi-
tioner of equal specialist or general status and
skill would be guilty of if acting with ordinary
care.

2 If the allegation of negligence against the
medical practitioner is based on proof that he
has deviated from a general and approved prac-
tice, that will not establish negligence unless it
is also proved that the course he did take was
one which no medical practitioner of like spe-
cialisation and skill would have followed had he
been taking the ordinary care required from a
person of his qualification.

3 If a medical practitioner charged with negli-
gence defends his conduct by establishing that
he followed a practice which was general, and
which was approved of by his colleagues of sim-
ilar specialisation and skill, he cannot escape
liability if in reply the Plaintiff establishes that
such practice has inherent defects which ought
to be obvious to any person given the matter
due consideration.

4 An honest difference of opinion between doc-
tors as to which is the better of the two ways of
treating a patient does not provide any ground
for leaving a question to the jury as to whether a
person who has followed one course rather than
the other has been negligent.

5 It is not for a jury (or for a Judge) to decide
which of two alternative courses of treatment
Is in their (or his) opinion preferable. But their
(or his) function is merely to decide whether the
course of treatment followed, on the evidence,
complied with the careful conduct of a medical
practitioner of like specialisation and skill to
that professed by the Defendant.

6 If there is an issue of fact, the determination
of which is necessary for the decision as to
whether a particular medical practice is or is
not general and approved within the meaning
of these principles, that issue must in a trial held
with a jury be left to the determination of the

jury.

In short, the Dunne Principles restate most of the
‘Bolam Test’ but they also qualify it too. The Dunne
case showed that mere deviation from the gener-
ally approved practice is not alone sufficient to
establish negligence. It must also be shown that no
other similar professional would have done same
if acting with reasonable care. Using the defence
of ‘generally approved practice’ is satisfactory
but only provided that there are no inherent and
obvious defects in the practice in addition to dem-
onstrating that a substantial number of similarly
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2 Law & ethics in medical practice

qualified professionals would act in the same
manner. Finally, where there is an honest differ-
ence of opinion relating to differing methods, or
the best course of treatment, this is not in itself a
ground of negligence.

There are other cases which further articu-
late the standards of care (such as the 1989 case
of Collins v Mid-Western Health Board) but it is
not the purpose of this book to detail all of them.
Rather the reader should be familiar with the main
opinions as outlined by the ‘Bolam Test’ and the
‘Dunne Principles’.

Injury
Without detailing too much of the law in relation to
injury, it should be understood that injury gener-
ally means that a person has suffered a harm or
a damage. It is important to note that ‘damage’ in
this context is in the sense of injury or harm and
that it is different to ‘damages’ which is a finan-
cial compensation. The injury under discussion
in medical negligence cases is why the case was
brought in the first instance. There must have been
an injury/harm/damage caused by the defend-
ant and suffered by the plaintiff. Once it has been
established that an injury exists, clearly the next
step is to ascertain as to who caused the injury?
Obviously, one of the more concerning aspects
of medical negligence cases for doctors is the
amount of the potential award (damages). Again,
it is beyond the remit of this book to detail the
highly complex aspects of compensation due to
injury suffered. However, one area of important
distinction is compensation due after a fatality has
occurred. In Ireland, it must be remembered that
fatality claims are governed by the Civil Liability
Acts 1961-1996. The compensation is determined
on the basis of three grounds:

1 emotional distress,

2 loss of dependency and

3 special damages arising from the death (such
as funeral expenses).

Compensation for emotional distress (also
called solatium) is currently capped at €35,000.
Furthermore, the €35,000 has to be shared
amongst all the dependants (spouse and chil-
dren etc.). If the person who died was earning
money, actuarial projections will establish the loss
of income and the funeral bills will be discussed.
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There are many reasons for this low amount of
compensation but the main ones are; how much
money could ever compensate for the loss of life?
Who is to say how much one person’s life is worth
over another’s? As with almost all aspects of medi-
cal law this area is also under review but as things
stand, the above still applies in relation to fatal
injury and compensation.

Causation

Causation means that in court, it has to be proved
that the doctor (or hospital) acted in a way that
has to be linked, factually or scientifically, to the
plaintiff’s injury; it must be shown that the doc-
tor (or hospital) caused the injury. In Ireland, one
of the relevant cases that deals with the notion
of causation (in addition to informed consent) is
the Geoghegan v. Harris dental negligence case.
Mr Geoghegan was missing numerous back
teeth and therefore had to do most of his chewing
using his front teeth. In 1992, he decided to have
dental implants. Following a dental examination,
Mr Harris (the defendant) informed Geoghegan
that there appeared to be a shortage of bone at
the site for one of the proposed implants. Harris
explained how bone could be harvested from
the chin and placed in the jawbone for the pur-
pose securing the implant. The operation was
carried out but Geoghegan subsequently devel-
oped chronic neuropathic pain in his lower jaw
and it transpired that his incisive nerve had been
damaged during the operation. Geoghegan con-
tended that Harris had failed to warn him that the
procedure could result in chronic pain and that if
he had been told that there was even the remot-
est chance of such a complication, then he would
not have consented to the operation in the first
instance. The case also raised the issue of the ‘rea-
sonable patient test’. What would a reasonable
patient expect to be told in relation to a forthcom-
ing procedure? Mr Justice Kearns said:

The application of the reasonable patient test
seems more logical in respect of disclosure.
This would establish the proposition that, as a
general principle, the patient has the right to
know and the practitioner a duty to advise of all
material risks associated with a proposed form
of treatment.... The reasonable man, entitled as
he must be to full information of material risks,



does not have impossible expectations nor
does he seek to impose impossible standards.

Even though it was accepted that Geoghegan
was in pain, and that he should have been better
informed before the procedure, Geoghegan lost
the case because causation could not be demon-
strated. As Geoghegan was most eager to have the
procedure, it could not be established that had he
known about the risk, he would not have had the
operation. In fact, due to his eagerness he prob-
ably would have gone ahead with the operation
and accepted that there was a slight risk of neu-
ropathic pain. Therefore, the case failed on causa-
tion; it could not be proved that the non-disclosure
of the risk caused Geoghegan’s current situation.

As can be seen, it is not easy to establish a case
of medical negligence but certainly, in some cases
it is warranted. Any doctor should be aware of the
above standards and principles and be mindful of
them.However, that is not to say that doctors should
be ‘in fear’ of the law in their day-to-day practices.
As shown, once a doctor is competent and able to
perform to the expected standards of the profes-
sion, there should be nothing to fear. Occasionally,
a legal question may arise in a doctor’s practice
and then it would be important that legal clarifi-
cation should be sought. This clarification can be
obtained through the doctor’s professional indem-
nity organisation, through the hospital, or though
private legal advice.

B Confidentiality

The two main elements of medical duties that raise
most concern and question are those of confiden-
tiality and consent. Many publications deliber-
ate on these points. The Medical Council’s Guide
to Professional Conduct and Ethics gives a good
background to the issues. Many other countries
will provide similar information orientated to the
local jurisdiction and statute and readers should
be aware of the guidance within their own locality.

The Irish guidance emphasizes that patients
have a right to expect that their doctors will
hold information about them in confidence.
Confidentiality is a primary, but not an absolute
duty. Doctors must use their own judgement to
apply the principles of confidentiality and be pre-
pared to later explain and justify any decisions

or actions taken when they have apparently
breached that confidentiality.

The key to a doctor-patient relationship is
trust and if patients are not assured about confi-
dentiality then they may be put off seeking medi-
cal attention or providing doctors with the right
information to ensure they get optimal care. There
is, however, a balance to be struck in providing
appropriate information to others to ensure safe,
effective care for the patients themselves and the
wider community. The emphasis is on communi-
cation to the patient of relevant information so that
they are aware that relevant medical information
may be disclosed to other healthcare profession-
als. In the course of this disclosure non-medical
healthcare professionals may also have access to
personal information.

There are, however, a number of permissible sit-
uations when confidentiality may not apply. Box 2.4
identifies those circumstances where medical
practitioners may allowably disclose confidential
information.

If doctors hold personal information about
patients, the Data Protection Commissioner pro-
vides guidance on how that data must be held, for
what period of time and how it must be disposed
of. Protection of computers, including passwords,
and paper-based records is expected. Sanctions
have been taken against doctors who have
allowed medical records to be left where the pub-
lic or other unauthorized personnel have access
to them.

Disclosing information
with patient’s consent to
relatives and/or carers

Certain patients may wish to withhold particular
aspects of personal information, and unless other

Box 2.4 When confidentiality may not apply

1. Disclosure with the patient’s consent to relatives and carers
2. Disclosure required by law
a. when ordered by a judge in a court of law, or by a tribunal or body
established by an Act of the Qireachtas, or
b. where mandated by infectious disease regulations
3. Disclosure in the interest of the patient or other people
a. e.g. Giving information to others for the protection of a child
4. Disclosure in the public interest
5. Disclosure to other healthcare professionals
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2 Law & ethics in medical practice

reasons for disclosure apply this wish must be
respected. If such a request might influence aspects
of medical care, it should be ensured that the
patient is fully aware that withholding information
may compromise that care. Those who are provided
with such information must be reminded of their
own duty of confidence. Clinical situations such as
medical emergencies may mean that information is
passed without consent, and an explanation should
later be given to the patient advising them of the
reasons for that disclosure. Disclosure may also be
permitted for audit if the patient is aware of that pos-
sibility and they have not objected to it.

Doctors must always seek specific consent to dis-
close personal information for any reason beyond
clinical care and audit. Typical requests may apply
to benefit claims or insurance claims. The patient
must always be made aware of the nature and extent
of information being disclosed. The information
disclosed must be unbiased, relevant and limited
to the needs expressed. The patient should gener-
ally be offered the opportunity to see any report or
disclosure prior to it being disclosed, unless poten-
tially non-disclosable confidential information
about another person is contained within it.

Disclosure required by law

Disclosure may be required because of stat-
ute, for example notification of known or sus-
pected types of communicable disease. A list of
Notifiable Diseases is published by the Health
Service Executive and the Health Protection
Surveillance Centre (see http://www.hpsc.ie/
hpsc/NotifiableDiseases for all associated proce-
dures, advice and forms etc.). Regulatory bodies
may require patients’ medical records and related
personal information if there has been a complaint
against a healthcare professional. In all cases it is
essential that every opportunity be taken to seek
the patient’s express consent before disclosure.
If disclosure is not consented to, then legal advice
and advice from a medical defence organisation
should be sought before disclosure is made.

Disclosure in the interest of
the patient or other people

Some patients require disclosure of information for
their own protection, but if competent, a refusal to
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consent to disclosure should be respected, while
ensuring that they are fully aware of the reasons
why a disclosure is considered in their interests.
In the criminal setting, issues of domestic violence
are examples of where disclosure may be appro-
priate but refused by the patient. Disclosure with-
out consent may be justified when others are at risk
of serious harm or death that may be reduced by
such disclosure. Some circumstances, which often
may relate to serious crime (e.g. murder, rape
and child abuse) require the prompt disclosure
of information to appropriate bodies (e.g. police).
Such an approach may also be appropriate if there
is a belief that the patient (adult or child) is a victim
of neglect or physical, sexual or emotional abuse.
If appropriate, the patient should be informed of a
decision to disclose before doing so.

A number of factors may be relevant in the set-
ting where a patient lacks the capacity to consent.
Is the lack of capacity temporary or permanent?
If temporary, is there any immediate necessity for
disclosure, and can disclosure be deferred until
the patient regains capacity to consent? If the
patient has someone who has a lawful role in mak-
ing decisions for them, they should be consulted.
In all settings it is expected that the doctor is seen
to act in the patient’s best interests, and this should
take into account views of others, including family
and other healthcare professionals.

Disclosure in the
public interest

The determination of whether or not disclosure is
in the public interest may not be one that can be
made alone. Information must be disclosed at the
order of a judge or a presiding officer of a court.
It is appropriate if the request appears immate-
rial to the case in hand to raise objections, clearly
stating the reasons for these objections. Again,
in such a situation it may be appropriate to seek
the advice of a medical defence organisation.
Disclosure to others (e.g. police officers) should
not be done without consent, unless reasons for
disclosure apply.

The principle of confidentially is key to a
doctor-patient relationship and the protection
conferred enables patients, who might other-
wise not disclose relevant medical issues, to
have the confidence to discuss such matters with



their doctor. However, there are situations where,
in the public interest (for example to protect spe-
cific individuals or society in general from risks of
serious harm) disclosure of otherwise confidential
information may be required. In some settings,
therefore, if the patient has not given consent, or
expressly withheld it, disclosure may be permis-
sible. Decisions to disclose must weigh the inter-
ests of the patient, other individuals, or society
in general, the risks of harm to all and the risks
to the doctor—patient relationship, and come to a
balanced decision that can be justified both at the
time and later. In addition to risks of harm, there
are more general areas where disclosure may be
permissible in the public interest and these can
relate to areas such as research, education and
public health. The opportunity to anonymize such
information should always be taken if appropri-
ate, although in many settings it may be possible
to obtain consent. A decision to disclose must also
take into account the practicalities of getting con-
sent in relation to the need for disclosure.

Disclosure after death

It must be remembered that the duty of confiden-
tiality persists after death. Careful consideration
must be given, and reasons must be appropriate,
for disclosure. Coroners, or others responsible for
the investigation of deaths, may require disclosure
on statutory forms such as medical certificates of
the cause of death.

B Consent

In order to give consent to a treatment, an inves-
tigation or a process, an individual must have
sufficient capacity. They must possess sufficient
understanding or knowledge of the proposed
intervention and their agreement to undergo the
proposed treatment and any relevant issues, must
be voluntary — that is, it must be freely given and
not tainted by any degree of coercion or undue
influence from others.

Patients with capacity
to make decisions

Consent is a key concept of healthcare and it is
expected that all decisions about treatment and

healthcare come about as a result of collaboration
between doctors and patients. Consent should be
based on trust, openness and good communication
and doctors are expected to work in partnership
with their patients in order to optimize care. Doctors
must listen to patients and respect their views about
health. They should discuss the diagnosis, prog-
nosis, treatment and care, and share appropriate
information with their patients so that the patients
can make informed decisions. They must then allow
patients to make decisions themselves and respect
those decisions once made. The path by which the
decision has been taken should be documented
contemporaneously in the clinical record. Consent
may given orally or in writing — this is express or
explicit consent. Consent may also be given implic-
itly, for example by allowing blood pressure to be
taken by removing clothing to give access to the
arm. It is generally accepted that for higher risk or
more complex procedures, if there is a risk to life or
lifestyle, for research or in the criminal setting (e.g.
the taking of intimate samples) that written consent
is appropriate. In some settings written consent is
mandatory.

Assuming that the patient has capacity to make
their own decisions the following four stages
should be followed when considering treatment:

1 Both doctor and patient make an assessment
taking into account the patient’s medical his-
tory, views, experience and knowledge.

2 The doctor identifies relevant investiga-
tions and treatment to benefit the patient
and explains the options with their respec-
tive potential risks, burdens and side-effects
(including having no treatment or investiga-
tion) — the doctor may recommend a particular
option, but the decision remains the patient’s.

3 The patient weighs up the potential benefits,
risks and burdens and any related issues and
makes a decision as to how to proceed - the
patient may sometimes make a decision that
appears irrational to the doctor.

4 The patient may request a treatment that the
doctor considers of no overall benefit — the
doctor does not have to provide that treatment
but must explain their reasons to the patient.

The responsibility for seeking consent is that of
the doctor undertaking the investigation or treat-
ment. Such a duty can be delegated if the person
to whom it is delegated is appropriately trained
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and has appropriate knowledge of the treatment
or investigation proposed.

Any discussion about risks of a treatment or
type of management (including no treatment)
must identify and, where possible, quantify side-
effects, complications (both major and minor) and
their potential consequences (e.g. disability or
death).In addition to the Irish Geoghegan v Harris
case mentioned earlier, in the UK, in Chester v
Afshar (2004) Lord Bingham stated that:

a surgeon owes a general duty to a patient to
warn him or her in general terms of possible
serious risks involved in the procedure. The
only qualification is that there may be wholly
exceptional cases where objectively in the
best interests of the patient the surgeon may
be excused from giving a warning... in mod-
ern law medical paternalism no longer rules
and a patient has a prima facie right to be
informed by a surgeon of a small, but well-
established, risk of serious injury as a result
of surgery.

Young people, children
and consent

The Non-Fatal Offences Against the Person Act,
1997 (section 23) provides that a minor who has
reached the age of 16 can give consent to medi-
cal treatment or medical care. Many children
aged under 16 years may also have the capacity
to understand and consider options. In the UK the
GMC publishes guidance on making decisions in
those aged under 18 years and how capacity and
best interests may be assessed. This guidance
is also useful for doctors in Ireland. The capac-
ity of children below the age of 16 years to con-
sent to medical treatment depends on whether
the child has achieved a sufficient understand-
ing and intelligence to appreciate the purpose,
nature, consequences and risks of a particular
treatment (including no treatment) and has the
ability to appraise the medical advice. This con-
cept in England and Wales is known as ‘Gillick
Competence’ and is dependent on the child’s
chronological age, mental age, and emotional
maturity while recognizing a child’s increasing
autonomy with age. ‘Gillick Competence’ is not
recognised in Ireland and there is no law or court
decision that allows for a child under 16 to consent
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to medical treatment. The Medical Council’s Guide
to Professional Conduct and Ethics states that:

Where the patient is under the age of 16
years, it is usual that the parents will be asked
to give their consent to medical treatment on
the patient’s behalf.

In exceptional circumstances, a patient
under 16 might seek to make a healthcare
decision on their own without the knowledge
or consent of their parents. In such cases you
should encourage the patient to involve their
parents in the decision, bearing in mind your
paramount responsibility to act in the patient’s
best interests.

Patients without capacity
to make decisions

If patients are unable to make decisions for them-
selves, the doctor must engage with those who are
close to the patient and with colleagues involved
in the healthcare. In Ireland the Mental Health
Act, 2001, allows for decisions about those who
lack capacity to make decisions for themselves.
Additionally, the Medical Council’s Guide also
sets out in section 34 the various aspects of mental
capacity to consent and what the doctor should do.
For example, it states:

Where an adult patient is deemed to lack
capacity to make a healthcare decision, you
should take reasonable steps to find out
whether any other person has legal authority
to make decisions on the patient’s behalf. If so,
you should seek that person’s consent to the
proposed treatment.

If no other person has legal authority
to make decisions on the patient’s behalf,
you will have to decide what action to take.
In doing so, you should consider:

B which treatment option would provide the
best clinical benefit for the patient,

B the patient’s past and present wishes if
they are known,

B whether the patient’s capacity is likely to
increase,

B the views of other people close to the
patient who may be familiar with the
patient’s preferences, beliefs and values,
and



B the views of other health professionals
involved in the patient’s care.

Doctors should make the assumption that every
adult has capacity and capacity is only seen to
be lacking once it is established (using all means
available) that the individual cannot understand,
retain, use or weigh up the information needed
either to make the decision, or make clear their
wishes.

B Mental health
law in Ireland

The medico-legal aspects
of mental disease

The interaction between mental health and crimi-
nal behaviour and the resulting contacts with the
police, the criminal justice system and the prisons
are extremely complex and most of this work lies
within the specialist field of forensic psychiatry.
For example, issues such as fitness to plead, insan-
ity and mentally disordered offenders all have a
bearing in some criminal cases. In civil cases, the
specifics of the Mental Health Acts, 2001-2008,
where issues arising under consent, the capacity to
consent and a person’s testamentary capacity are
all subjects that must be considered. Therefore, a
general understanding of the law relating to men-
tal health and criminal behaviour is essential for
any medical practitioner.

Normal and abnormal
behaviour

The spectrum of behaviour that can be consid-
ered to be normal depends on so many factors —
national, cultural, social, ethical, religious
etc. — that any definition of normality must be
extremely wide for any given population. A fur-
ther complication is that abnormal behaviour
and behaviour due to disorders of the mind are
not one and the same thing, although the latter
may be associated with the former. Not everyone
whose behaviour is abnormal is suffering from
a disorder of the mind and it is certainly untrue
that everyone with a disorder of the mind will
behave abnormally.

Types of abnormal mental condition

Mental abnormality can be congenital (mental
defect, impairment or handicap) or acquired
(mental disease or illness). These categories are
not sharply divided, as diseases such as schizo-
phrenia may have a congenital origin even if the
manifestations are delayed and not all antisocial
psychological traits can be classified as a disease.

The psychopathic personality is difficult to
categorize into congenital or acquired, and the
effects of nature and nurture are closely inter-
twined. In many ways, a psychopathic personality
is not a mental defect at all but simply one extreme
end of the spectrum of variation in individual per-
sonality. This trait is associated with a failure of
maturation of the personality and the retention of
a child-like selfishness. Frustration of any whim
is not tolerated and may be met with immediate
violence, including murder. The response to these
acts of violence is completely devoid of any regret
or remorse. However, these individuals may have
no abnormality of thought, mood or intelligence.
True mental illnesses acquired or appearing after
childhood comprise several major groups. Those
that arise from some structural brain damage may
be called organic psychoses, whereas those that
appear to have no neurological basis are called
functional psychoses.

The organic psychoses comprise the various
dementias which may present with a bewilder-
ing constellation of signs and symptoms, of which
lability of mood, failure of memory, deterioration
of intellect, irritability, irrational anger, confu-
sion and loss of social inhibitions are most likely
to lead to some medico-legal consequences. The
dementing or demented individual may well be
arrested for unacceptable behaviour or even for
sudden, inexplicable and uncharacteristic acts of
violence. The aetiology of these dementias is very
wide: multi-infarct dementia, infective, degen-
erative and metabolic disorders, direct physi-
cal trauma, the acute effects of toxic substances
(e.g. carbon monoxide) and the effects of chronic
ingestion of toxic substances (especially alcohol).
Cerebral tumours, either primary or secondary,
may also lead to rapid personality changes.

A few epileptics may occasionally have an
identifiable organic basis for their disease and
some may have a concomitant mental abnormality.
Of greater medico-legal interest are the rare
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episodes of postictal automatism and some forms
of pre-fit aura, which may, rarely, give rise to dan-
gerous behaviour.

The functional psychoses are characterized
by disorders of thought for which no discernible
physical basis can be identified and which can be
seen as severe exaggerations of the normal varia-
tions of mood experienced by everyone. The func-
tional psychoses are further subdivided into the
affective psychoses, in which disorders of mood
(affect) are the prime feature, and schizophrenic
psychoses, in which disorders of the thought pro-
cess are dominant.

A severe example of an affective disorder is
the individual with manic-depressive psychosis
who shows wide swings of mood from euphoric
elation and hyper-activity to deepest depression
and stupor. These changes in mood are quite out
of proportion or often totally unrelated to external
circumstances; however, for most of the time the
individual will remain in some sort of equilibrium
between the two extremes. In the schizophrenic
psychoses there are commonly delusions, mis-
taken beliefs held by the patient that cannot be
altered by logical argument, and also hallucina-
tions, which are false sensory experiences with-
out true sensory stimuli. Patients may also have
illusions, which are real sensory perceptions that
are misinterpreted as something quite different.
Commonly, these individuals have lost contact
with reality.

The forensic aspects of these severe mental ill-
nesses depend on the type and severity of the dis-
ease. On the one hand are the increased suicides
that are associated with all forms of psychosis,
and the confusion inherent in a manic-depressive
psychosis may also apparently manifest itself in
petty theft, especially shop-lifting. Schizophrenics
may sometimes be even more dangerous to their
family or their immediate circle as they cannot
see the real world clearly, if at all, because their
thought processes are distorted by delusions, illu-
sions and hallucinations. For instance, they may
decide to ‘rescue’ someone from the harm or dan-
gers that they falsely perceive by a ‘mercy killing’.
These fantasies may obstruct their normal living
activities, often monopolizing their attention to the
exclusion of real practicalities. In paranoid schizo-
phrenia, the delusions and hallucinations are of a
persecutory nature and the victims spend their
lives in suspicious analysis of every event around
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them, and these feelings can be aggravated by
hallucinations of voices and whispering and
pseudo-scientific fears of malign rays and elec-
tronic surveillance.

In another clinical manifestation, the schizo-
phrenic may become withdrawn, apathetic and
sometimes neglectful and dirty, which may reach
extremes at which the individual is catatonic.
These individuals seldom cause harm to others,
but may need protection from themselves and
their illness.

Most commonly, schizophrenics have difficulty
in surviving unaided in modern society; they may
be unemployable, adopt a vagrant lifestyle and
resort to petty theft and deceptions, but only very
few will commit more serious crimes, including
assaults and homicide. That most of the notori-
ous multiple murderers are claimed to be schiz-
ophrenic or to have ‘schizophrenic tendencies’
possibly owes more to their defence strategy than
to a strictly applied and universally accepted clin-
ical diagnosis.

Most advanced countries have legislation that
allows for the detention and treatment of individu-
als, against their will, if they are diagnosed to have
such severe mental disorders that they are a dan-
ger to themselves or to the public. The individual
with mental health problems may also come into
contact with doctors through various stages of the
criminal justice system.

Mental health legislation and
the psychiatric patient
Since November 2006, the Mental Health Act has
been fully enacted. It operates under the prin-
ciple that the best interests of the person are of
primary consideration. However, due regard must
also be given to the interests of other people who
may be at risk of serious harm. People who are
being admitted to psychiatric centres or hospitals,
or who are undergoing treatment, must be given
an opportunity to express their views. The Mental
Health Commission (MHC), which has been in
existence since 2002, is responsible for the pro-
testation of the interests of people who have been
involuntarily admitted. The MHC also promotes
the maintenance of high standards in the delivery
of mental health services.

People who are suffering from a mental health
disorder can be admitted to a psychiatric hospital



or unit voluntarily, or may be committed as an
involuntary patient. The vast majority of admis-
sions are voluntary which means that the patient
has freely agreed to undergo treatment. However,
voluntary psychiatric patients are not completely
free to leave psychiatric care and may subse-
quently be involuntarily detained. The rules about
admission (and detention) in psychiatric hospitals
or units are set out clearly in the Mental Health
Act 2001.

Voluntary admission occurs in a similar man-
ner to admission to a general hospital. Patients
are referred by their GP or by their consultant.
Once admitted, and if the patient wants to leave,
an assessment of the patient has to be carried
out in the first instance. If the either the consult-
ant psychiatrist, doctor or nurse considers that the
patient is still suffering from a mental disorder,
then the patient may be detained for a maximum
of 24 hours. If the voluntarily admitted patient is a
child who is suffering from a mental health disor-
der, and the parents or guardians want to remove
the child from care, an application can be made to
have the child detained and placed in the custody
of the Health Service Executive.

After 24 hours, a consultant psychiatrist must
either discharge the patient or arrange for an
examination by another consultant psychiatrist.
The second consultant must then issue a certifi-
cate that either discharges the patient or states
that the person should be detained because of a
mental disorder. If the patient is detained, then he
or she becomes an involuntarily admitted patient.

Involuntary admission

A person may only be involuntarily admitted and
detained where they are suffering from a mental
disorder. As such, a person cannot be involuntarily
admitted where they have a personality disorder,
are socially deviant or are addicted to drugs or an
intoxicant. The Act defines the terms mental ill-
ness, severe dementia and significant intellectual
disability as;

“mental illness” means a state of mind of a
person which affects the person’s thinking,
perceiving, emotion or judgement and which
seriously impairs the mental function of the
person to the extent that he or she requires
care or medical treatment in his or her own
interest or in the interest of other persons;

“severe dementia” means a deterioration
of the brain of a person which significantly
impairs the intellectual function of the per-
son thereby affecting thought, comprehen-
sion and memory and which includes severe
psychiatric or behavioural symptoms such as
physical aggression;

“significant intellectual disability” means a
state of arrested or incomplete development
of mind of a person which includes significant
impairment of intelligence and social func-
tioning and abnormally aggressive or seri-
ously irresponsible conduct on the part of the
person.

However, it must also be considered that because
of the illness, dementia or disability, there is a seri-
ous likelihood that the person may cause imme-
diate and serious harm to themselves or to other
people. If that condition does not apply, a person
can also be involuntarily admitted because their
judgement is so impaired that a failure to admit
would lead to a serious deterioration of their
condition or would prevent the administration of
appropriate treatment.

If a Garda takes a person into custody and has
reason to believe that the person fits one of the
above descriptions or circumstances then the
Garda can make an application to a registered
medical practitioner to have the person admitted
to a facility. Those people who are charged with
a criminal offence and who are suffering from a
mental disorder and then subject to the Criminal
Law (Insanity) Act, 2006.

Criminal Law (Insanity)
Act, 2006; unfit to be tried

In Ireland, the question of the mental state of some-
one charged with a criminal offence can arise at two
different stages; firstly, at the start of the trial and
secondly, at the decision on guilt. If it is clear that
a person is suffering from a mental disorder they
may be considered unfit to be tried before the trial
commences. If a person is unfit to be tried then
they must be incapable of:

B pleading to the charge,

B instructing a legal representative,
B making a proper defence,

B understanding the evidence
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B where necessary, asking for a trial by jury or;
B challenging a juror to whom he or she might
wish to object.

Should the person eventually recover then he or
she could theoretically be brought back for trial.

Not guilty by reason of insanity

However, if a trial is held, and the person is found
to have been insane when they actually commit-
ted the offence, it is possible for a verdict of not
guilty by reason of insanity to be reached. This
verdict can only be reached after the jury has
heard the expert evidence given by a consultant
psychiatrist. Then the jury must firstly be satis-
fied that the accused was suffering from a mental
disorder at the time they committed the offence.
Secondly, it has to be shown that the accused: did
not know the nature (or quality) of the act; that they
did not know that the act was wrong and that they
were unable to stop themselves from carrying out
the act. Usually, if this verdict is reached, the per-
son will then be transferred to the Central Mental
Hospital in Dundrum in Dublin.

Diminished responsibility

In a somewhat similar instance to the one out-
lined above, there is a further verdict that can be
reached in a murder trial where it can be shown
that the accused carried out the act but at the time
was suffering from a mental disorder. However,
the mental disorder was not one that would meet
the criteria for ‘not guilty by reason of insanity’.
In these cases a balance has been found in dimin-
ished responsibility. Therefore, the person will
not be found guilty of murder but will be found
guilty of manslaughter on the ground of dimin-
ished responsibility. It should be noted that a
woman found guilty of infanticide could also be
dealt under diminished responsibility. As convic-
tion for murder means an automatic life sentence,
if manslaughter under diminished responsibility
can be proven, then the judge has the discretion
about the length of sentencing.

The M’Naghton rules

In 1843, a Daniel M’'Naghton was acquitted of the
charge of murdering Edward Drummond, the then
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secretary to the British Prime Minister, Robert Peel.
M’Naghton believed that Peel, and the Tory party
in general, were conspiring against him. He armed
himself with a pistol and shot Drummond (whom
he thought was Peel) in the back. He was acquitted
on the grounds of insanity and was remanded to
Bethlam Royal Hospital, an asylum for the mentally
ill (also known as Bedlam). He remained there for
20 years and then, near the end of his life, he was
transferred to newly opened Broadmoor hospital
where he died in 1865. M’Naghton would never
know that his case set down the main principles
for insanity in the criminal courts. According to
the M’Naghton Rules, it must be established that
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 he was doing
what was wrong.” As shown, this formed the basis
of the ‘not guilty by reason of insanity’ defence
in Ireland but we also have the added ‘irresist-
ible impulse’ qualifier; it must be shown that the
accused could not stop themselves from carrying
out the act.

Testamentary capacity

Medical practitioners can be asked to give their
opinion on a person’s ability to make a valid will.
As seen above, severe dementia is a recognised
condition and, as elderly people are more likely to
suffer from dementia and also, are more likely to
have an estate and a family, their capacity to make
a valid will is often in question. The evidence of a
medical practitioner can assist the court in deter-
mining the validity of a will if that will is chal-
lenged. Under Irish law, to make a valid will, the
person making the will, the ‘testator’, must be 18
years or over or be married and must be of sound
mind. To be of sound mind means that;

B the testator must understand that he is execut-
ing a will;

B he must know the nature and extent of his
estate; and

B he must be able to call to mind persons who
might be expected to benefit from his estate
and decide whether or not to benefit such
persons.

If a solicitor has concerns about a person’s testa-
mentary capacity then the solicitor will request



that the testator’s mental capacity be confirmed
by the testator’s doctor (usually the GP). This can
mean that the doctor has to swear an Affidavit of
Testamentary Capacity. If the deceased was not
attending a doctor at that time, or the doctor is
deceased, the affidavit can be sworn by the solici-
tor who prepared the will. However, if the solicitor
does this then reference should be made to the
reason as to why the doctor did not make same.
Where an Affidavit of Testamentary Capacity has
been sworn by a medical practitioner at the time
of execution of the will, no issues will be raised by
the Probate Office (the office responsible for the
administration of wills). Occasionally, the Probate
Office will accept an Affidavit of Testamentary
Capacity from a medical practitioner who was not
the testator’s medical advisor at the time of execu-
tion of the will but instead became his/her medi-
cal advisor thereafter. This would be acceptable
where:

1 the testator’s original doctor is deceased and

2 his/her more recent doctor has known the
testator for a number of years since then and

3 during this period the testator has displayed
good health and issues of mental capacity
have only became evident at a later and per-
haps more recent point in time.

It should be noted that the Probate Office pre-
fers Affidavits of Testamentary Capacity to a
letter from the medical practitioner. In order to
avoid confusion or problems, it is best to follow
the preferred option when dealing with such
matters.

B Regulation of
doctors in Ireland

The medical council

Regulation of the work of healthcare professionals
is governed in many countries around the world by
regulatory bodies that may have powers to assess
the individual’s performance and work. In Ireland,
the regulatory body for registered medical prac-
titioners is the Medical Council, which was estab-
lished by statute. Its purpose is to protect, promote
and maintain the health and safety of the public
by ensuring proper standards in the practice of
medicine. The law gives the Medical Council five

main functions under the Medical Practitioners
Act, 2007:

1 Establishing and maintaining the register of
medical practitioners.

2 Approving and reviewing programmes of
education and training necessary for the
purposes of registration and continued
registration.

3 Specifying and reviewing the standards
required for the purpose of maintaining the
professional competence of registered medi-
cal practitioners.

4 Specifying standards of practice for regis-
tered medical practitioners including pro-
viding guidance on all matters related to
professional conduct.

5 Instituting disciplinary procedures.

The Medical Council fulfils its role by control-
ling entry to the medical register and setting the
standards for medical schools and postgraduate
education and training. The Medical Council has
legal powers designed to maintain the standards
the public have a right to expect of doctors. If a
doctor fails to meet those standards, the Medical
Council acts to protect patients from harm - if
necessary, by removing the doctor from the regis-
ter and removing their right to practise medicine.

The Medical Council has a governing body,
which has 25 members consisting of 12 doctors
and 13 lay members. Before the Medical Council
can stop or limit a doctor’s right to practise medi-
cine, it needs evidence of impaired fitness to prac-
tise. Examples of such evidence includes doctors
who have not kept their medical knowledge and
skills up to date and are not competent, have
taken advantage of their role as a doctor or have
done something wrong, are too ill, or have not
adequately managed a health problem to enable
them to work safely.

The medical council and
fitness to practise procedures

The statutory responsibility for Fitness to Practise
procedures is established in the Medical Practition-
ers Act, 2007, and the complaints procedures are
set out in Parts 7,8 and 9 of the Act. The Preliminary
Proceedings Committee (PCC) is responsible for
looking at complaints against doctors. Section 57
of the 2007 Act details what grounds a member of
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the public, employer, other healthcare staff, or the
Medical Council itself can make an application to
the PCC about matters such as:

1 Professional misconduct.

2 Poor professional performance.

3 Arelevant medical disability.

4 A failure to comply with one or more condi-
tions attached to a doctor’s registration.

5 A failure to comply with an undertaking pre-
viously given to the Medical Council or to
take any action specified in the context of a
previous inquiry.

6 Contravention of the Medical Practitioners
Act, 2007.

1 Convicted in the State for an offence, or if con-
victed outside the State, for an offence that
would be triable on indictment in the Irish
courts.

When a complaint is received, the Professional
Standards Department will acknowledge receipt
of the complaint, forward the documentation to the
doctor in question and then, the PCC will review
the complaint and, if necessary, request further
information from either the complainant, the doc-
tor or any other relevant party. It should be noted
that the PCC has the power to get whatever docu-
mentation it requires in order to make a proper
decision about what course of action to follow.
If the PCC decides that something has occurred
that requires further action, it will refer the matter
to the Fitness to Practice Committee. On the other
hand, if the PCC does not refer the case to Fitness
to Practice, then it will advise the Medical Council
that they should:

1 Take no further action; or

2 Refer the complaint to another appropriate
body or authority or to the Medical Council’s
professional competence scheme; or

3 Suggest that the complaint could be resolved
by mediation or other informal methods but
both the doctor and the complainant have to
agree to proceed with this method.

When the Medical Council meets it will consider
the advice from the PCC and it can accept or
reject it, or suggest that the PCC follow one of the
steps outlined above. The Medical Council can
also tell the PCC to refer the complaint to Fitness
to Practice if it believes it to be necessary.
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A fitness to practice
committee inquiry

Ifit is eventually decided by the Fitness to Practice
Committee to hold an inquiry into the complaint,
then the doctor will be notified about this in writ-
ing. Within a short space of time, the Medical
Council’s solicitors will also forward copies of all
relevant associated documentation to the doctor.
Then, usually within six months, the Inquiry will be
held. The Fitness to Practise Committee hearing
the Inquiry is made up of three people: two non-
medical and one medical. A legal adviser, known
as the Legal Assessor, will sit with the Committee.
The Assessor does not form part of the decision-
making process but advises the Committee about
the law and proper procedure. The Inquiry itself
can be held in public (or if necessary, part of it
in public and part in private) and journalists and
members of the public can be present. The vari-
ous legal representatives can question the doc-
tor, complainant and witnesses. When the Inquiry
has concluded the Committee will decide as to
whether the allegations have been proven or not.
They will usually give a verbal decision on the
day and then will follow it up with a written report
that outlines their reasoning. Once the Medical
Council receives that report, it can decide upon
a number of sanctions and impose one or more of
them on the doctor.

1 Advise, admonish or censure in writing;

2 Censure in writing with a fine of up to €5,000;

3 Attach conditions to the retention of the doc-
tor’s name on the register;

4 Transfer registration to another division of the
register;

5 Suspend registration for a specified period;

6 Cancel registration;

1 Prohibit the doctor from applying for restora-
tion to the register for a specified period.

If the Medical Council imposes any of the above
sanctions, and should the doctor want to appeal
the decision, then she or he has a right of appeal
to the High Court. If there is an appeal, the case is
heard in open court and will typically hear the evi-
dence that was already presented at the Inquiry
and witnesses will be called to give evidence.
Then the High Court can uphold the decision of
the Council, cancel it or cancel it and decide to
impose a different sanction.
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B Introduction

All doctors encounter death, and the dying, at
some time in their medical career, and must have
an understanding of the medical and legal aspects
of these phenomena.

B Definition of death

Only organisms that have experienced life can die,
as death represents the cessation of life in a previ-
ously living organism. Medically and scientifically,
death is not an event; it is a process in which cel-
lular metabolic processes in different tissues and
organs cease to function at different rates.

This differential rate of cellular death has
resulted in much debate - ethical, religious and
moral — as to when ‘death’ actually occurs. The
practical solution to this argument is to consider
the death of a single cell (cellular death) and the
cessation of the integrated functioning of an indi-
vidual (somatic death) as two separate aspects.

The medical

aspects of
death

The concept of death evokes different
meanings to various cultures and religions and
has been debated for centuries. It is often left to
the realm of the philosopher to try and define the
questions, “What is death?” or “Is this state a pro-
cess or an event?” At what point does this process
result in a state of no return to life and enter the
ultimate, irreversible state? As death approaches,
the doctor must decide whether this process or
event can be reversed or whether the person has
reached a point where no medical skill or inter-
vention can bring him back. If this is the case, the
doctor will strive to make the approaching death
as comfortable and as painless as possible.

However, it has become important that death is
defined by some means that all can understand.
Traditionally, a person whose breathing and heart-
beat had stopped was considered dead. Before
1968, human death was primarily understood
and diagnosed by cardio-pulmonary criteria. The
irreversible cessation of breathing and heartbeat
constituted the death of the person. The heart
and lungs are the delivery system of oxygenated
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blood, without which the rest of the body cannot
function. Today, however, it is possible to prolong
the functioning of the lungs and heart by artificial
means. Various machines can produce breathing
and a heartbeat even in a patient whose brain
has been destroyed. These new medical proce-
dures have resulted in a new definition of death.
The debate around brain death resulted from the
availability of artificial ventilators. Contemporary
descriptions of patients who had sustained brain
death began with a paper by Mollaret and Goulon
in 1959. They described the clinical finding of 23
cases of what they termed coma dépaseé, a state
beyond coma. They did not state that the patents
were dead but their paper and others which soon
followed, led to a consideration of the question.
Finland was the first country in Europe where the
notion of brain death was legally accepted, along-
side the traditional idea of death caused by cessa-
tion of cardio-respiratory functioning. The Finnish
National Board of Health published the diagnos-
tic criteria for establishing brain death in 1971.
However, the debate on brain death began three
years previous to this in America. This new defini-
tion was first formulated with the introduction of
the Harvard Criteria in 1968. For the first time, the
term brain death, or more precisely, irreversible
cessation of the function of the brain stem, was
accepted as a stage in pathology and physiology
in which death is inevitable.

However, the Harvard criteria has many critics,
especially as it is seen to facilitate organ trans-
plantation teams rather than to be an actual safe-
guarding of the patient. The first heart transplant
took place in December 1967, but the patient
survived for only eighteen days. Less than a
year later, on August 5th 1968, the Harvard com-
mittee published the report in the Journal of the
American Medical Association. This committee
consisted of distinguished neurologists, neurosur-
geons, lawyers, philosophers, a theologian and an
anaesthesiologist.

The Harvard committee presented a landmark
document in medical history but the reasons for
its publication have often been criticised and
they have been accused of being less than truth-
ful about their motivations. The two main reasons
the Committee gave were, firstly, for the past dec-
ade (i.e.late 1950s to the time the report was pub-
lished) modern means of advanced life support
had led to a proliferation of comatose patients
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being ventilated. Secondly, it had become obvious
that a new criterion of death, one which would pro-
vide organ for transplantation, was now required.
The committee was quite direct about the neces-
sity to revise the standard and concept of death:
A brain-based conception was affirmed in order to
address problems generated by the advent of new
technologies of life extension, including technolo-
gies that sustained bodily, non-conscious human
life, and technologies that preserved life through
organ transplantation. They presented the argu-
ment that reliance on the traditional vital signs
criteria for death would lead to hospital wards
filled with comatose persons kept alive only by
machines, at great expense, and to missed oppor-
tunities to save life because of organ scarcity.Itis a
question of some importance as to whether these
objectives are inextricably intertwined or can be
addressed independent of each other.

Rather than philosophical or theoretical argu-
ments over when death occurs, it now seemed
to be the case that a practical need was behind
the initial moves toward a brain-based concep-
tion for death. As stated in the introduction to
The President’s Commission in 1981, legal codi-
fication and philosophical justification for whole
brain death evolved as social constructs on the
assumption that the irreversible loss of all func-
tions of the entire brain was the physiological
equivalent of determining death through irrevers-
ible loss of respiratory and circulatory functions.
A Dbrain death criterion of death thus seemed to
offer considerable advantages over the more
traditional. It allows for the removal of futile and
expensive medical treatments, it also facilitates
organ transplants. In an increasingly litigious soci-
ety it provides a philosophically sound basis for
legal and professional immunity for professionals
who might otherwise be thought to have ended
life prematurely. A brain-death standard of death
could also evolve with new technological devel-
opments, including technologies that permit more
precise diagnostic measurements to determine
the occurrence of death.

Cellular death

Cellular death means the cessation of respira-
tion (the utilization of oxygen) and the normal
metabolic activity in the body tissues and cells.
Cessation of respiration is soon followed by



autolysis and decay, which, if it affects the whole
body, is indisputable evidence of true death.
The differences in cellular metabolism determine
the rate at which cells die and this can be very
variable — except, perhaps, in the synchronous
death of all of the cells following, for example, a
nearby nuclear explosion.

Skin and bone will remain metabolically active
and thus ‘alive’ for many hours and these cells can
be successfully cultured days after somatic death.
White blood cells are capable of movement for up
to 12 hours after cardiac arrest — a fact that makes
the concept of microscopic identification of a ‘vital
reaction’ to injury of doubtful reliability. The corti-
cal neuron, on the other hand, will die after only
3-7 minutes of complete oxygen deprivation.
A body dies cell by cell and the complete process
may take many hours.

Somatic death and
resuscitation

Somatic death means that the individual will never
again communicate or deliberately interact with
the environment. The individual is irreversibly
unconscious and unaware of both the world and
their own existence. The key word in this defini-
tion is ‘irreversible’, as lack of communication
and interaction with the environment may occur
in a variety of settings such as deep sleep, under
anaesthesia, under the influence of drugs or alco-
hol or as a result of a temporary coma.

There is no statutory definition of death in the
United Kingdom but, following proposed ‘brain

death criteria’ by the Conference of Medical
Royal Colleges in 1976, the courts in England
and Northern Ireland have adopted these
criteria as part of the law for the diagnosis of
death.

The Academy of Medical Royal Colleges has
published a code of practice for the diagnosis
of death, stating that ‘death entails the irrevers-
ible loss of those essential characteristics which
are necessary to the existence of a living human
person and, thus, the definition of death should be
regarded as the irreversible loss of the capacity
to breathe.

Criteria for the diagnosis and confirmation of
death are specified following cardiorespiratory
arrest, in a primary care setting and in hospital,
and following irreversible cessation of brain-stem
function, where specified conditions have been
fulfilled (see Boxes 3.1-3.2).

Advances in resuscitation techniques in ventila-
tion and in the support of the unconscious patient
have resulted in the survival of patients that would
otherwise have died as a result of direct cerebral
trauma or of cerebral hypoxia from whatever
cause.

Previously, brain-stem death would lead inexo-
rably to respiratory arrest and this would cause
myocardial hypoxia and cardiac arrest. Artificial
ventilation breaks that chain and while ventila-
tion is continued, myocardial hypoxia and cardiac
arrest are prevented.

There is a spectrum of survival: some will
recover both spontaneous respiration and con-
sciousness, others will never regain consciousness

Box 3.1 Criteria for the diagnosis and confirmation of death following cardiorespiratory arrest

of any contributing causes of cardiorespiratory arrest
@ One of the following applies:

— CPR attempts have failed, or
is an ‘advance decision’ from the patient to refuse such treatment

and an absence of heart sounds on auscultation

@ The time of death is recorded when these criteria have been fulfilled

o Simultaneous and irreversible onset of apnoea and unconsciousness in the absence of the circulation, following ‘full and extensive attempts’ at reversal

— criteria for not attempting cardiopulmonary resuscitation (CPR) are fulfilled, or

— life-sustaining treatment has been withdrawn, where a decision has been made that such treatment is not in the patient’s best interest, or where there
@ The person responsible for confirming death observes the individual for a minimum of 5 minutes, ensuring an absence of a central pulse on palpation
@ Inahospital setting, supplementary ‘evidence’ of death may be provided in the form of asystole on a continuous electrocardiogram (ECG) display, absence

of contractile activity using echocardiography or absence of pulsatile flow using direct intra-arterial pressure monitoring
e Confirmation of the absence of pupillary responses to light, of the corneal reflexes and any motor response to supra-orbital pressure

Adapted from Academy of Medical Royal Colleges (2008) A Code of Practice for the Diagnosis and Confirmation of Death. Report of a

Working Party, London.
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Box 3.2 Criteria for the diagnosis of brain stem death (adults and children over the age of five

years)

— Depressant drugs

Neuromuscular blocking drugs
Hypothermia

Metabolic or endocrine disturbance

— Absence of pupillary light reflex

— Absence of corneal reflex

— Absence of eye movement in caloric testing

— Absence of eye deviation in oculocephalic reflex
— Absence of gag reflex

in patient care at acute hospital level.

@ Exclude the following potentially reversible causes of absent brain stem reflexes:

Absence of motor response in the cranial nerve distribution in response to adequate somatic stimulation

— Absence of respiratory movement on apnoeic oxygenation testing [Obtain a PaCO, level between 36-44mmHg (4.8 — 5.8kPa). Disconnect ventilator
and deliver O, at a rate of 6 litres/min. After 10 minutes check blood gasses again. PaCO, should have risen to 55mmHg (7.3kPa) or higher and an
associated acidaemia should have developed. If, despite PaCO, rise, there is no attempt at spontaneous respiration, the test is positive.]

@ Brain-stem testing should be made by at least two medical practitioners, one a consultant and the other a doctor of at least five years standing engaged

Adapted from “Memorandum on Brain Death” (1988) Irish Medical Journal Vol. 81 No. 1 and from Diagnosis of Brain Death & Medical
Management of the Organ Donor; Guidelines for Adult Patients 2010, Intensive Care Society of Ireland.

but will regain the ability to breathe on their own
and some will regain neither consciousness nor the
ability to breathe and will require permanent artifi-
cial ventilation to remain ‘alive’.

B Vegetative state

In some individuals, resuscitation is success-
ful in that brain-stem function is retained in
the absence of cortical function, resulting in
a so-called ‘vegetative state (VS)’ — wakeful-
ness without awareness — from which they may
recover, or alternatively may enter a ‘minimally
conscious state’ (MCS). If the VS persists for
12 months following traumatic brain injury or
6 months after another cause, the VS is judged
to be ‘permanent’ under Royal College of
Physicians guidelines (2003). In such circum-
stances, the withdrawal of hydration and assisted
nutrition can be considered in the ‘best interests’
of the patient.

The first, and most significant, case regarding
the legality of such withdrawal of ‘life sustain-
ing’ treatment in Ireland concerned the “Ward of
Court” case, who was in a ‘persistent vegetative
state’ following a medical procedure (see, In Re
a Ward of Court [1996] 2 IR 79). Since that case,
in which permission to remove artificial hydration
and nutrition was granted, additional cases have
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sought to clarify the position following the enact-
ment of the Human Rights Act, 2003, the ‘right to
life’ and the right not to be subjected to inhuman
and degrading treatment.

Research into functional magnetic resonance
imaging (MRI) has identified individuals thought
to be in VS with brain activity more in keeping
with a diagnosis of MCS. While none of these indi-
viduals has recovered beyond that state, the law
and practice relating to the withdrawal of ‘life
sustaining’ treatment in the VS may be subject to
change in the future.

B Tissue and organ
transplantation

The laws relating to tissue and organ donation
and transplantation are dependent upon the reli-
gious and ethical views of the country in which
they apply. The laws vary in both extent and detail
around the world, but there are very few countries
where transplantation is expressly forbidden and
few religions that forbid it — Jehovah’s Witnesses
are one such group; they also reject transfusion of
donated blood.

The organs and tissues to be transplanted may
come from one of several sources, which are out-
lined below.




Homologous transplantation

Tissue is moved between sites on the same body.
For example, skin grafts may be taken from the
thigh to place on a burn site or bone chips from
the pelvis may be taken to assist in the healing
of a fracture of a long bone. Homologous blood
transfusion can be used where there is a religious
objection to the use of anonymously donated
blood.

Live donation

In this process, tissue is taken from a living
donor whose tissues have been matched to,
or are compatible with, those of the recipient.
The most common example is blood transfu-
sion but marrow transplantation is now also very
common. Other live donations usually involve
the kidneys as these are paired organs and
donors can, if the remaining kidney is healthy,
maintain their electrolyte and water balance
with only one kidney.

Most kidneys for transplant are derived from
cadaveric donation, but live donation is also pos-
sible and this, associated with a high demand
for kidneys, especially in Western countries, has
resulted in a few surgeons seeking donors (in
particular poor people from developing coun-
tries) who would be willing to sell one of their
kidneys. This practice is illegal in many coun-
tries and, if not specifically illegal, it is certainly
unethical.

With increasing surgical skill, the trans-
plantation of a part of a single organ with large
physiological reserve (such as the liver) has been
more widespread.

Cadaveric donation

In many countries, cadaveric donation is the major
source of all tissues for transplantation. The surgi-
cal techniques to harvest the organs are improving,
as are the storage and transportation techniques,
but the best results are still obtained if the organs
are obtained while circulation is present or imme-
diately after cessation of the circulation. The aim
is to minimize the ‘warm ischaemic time’. Some
organs (e.g. kidneys) are more resilient to anoxia
than others and can survive up to 30 minutes after
cessation of cardiac activity.

Cadaveric donation is now so well established
that most developed countries have sophisti-
cated laws to regulate it. However, these laws
vary greatly: some countries allow the removal of
organs regardless of the wishes of the relatives,
whereas other countries allow for an ‘opting-
out’ process in which organs can be taken for
transplantation unless there is an objection from
relatives. The converse of that system is the one
practised in Ireland, which requires ‘opting in’.
In this system, the transplant team must ensure
that the donor either gave active permission dur-
ing life or at least did not object and that no close
relative objects after death.

If an autopsy will be required by law for any
reason, the permission of the coroner investigat-
ing the death must be obtained before harvesting
of tissue or organs is undertaken. In general, there
is seldom any reason for the coroner to object to
organ or tissue donation because it is self-evident
that injured, diseased or damaged organs are
unlikely to be harvested and certainly will not
be transplanted and so will be available for
examination.

Description of intraoperative findings by trans-
plant surgeons will suffice in many cases, although
it may sometimes be desirable for the patholo-
gist who will subsequently perform the autopsy
to be present at the organ retrieval procedure in
order to see the extent of external and internal
trauma ‘first-hand’. In what is almost always a
tragic unexpected death, the donation of organs
may be the one positive feature and can often be
of great assistance to the relatives in knowing that
the death of a loved one has resulted in a good
outcome for someone.

Xenografts

Grafting of animal tissue into humans has always
seemed tempting and clinical trials have been
performed with limited success. There is consid-
erable difficulty with cross-matching the tissues
and considerable concern about the possibility
of transfer of animal viruses to an immunocom-
promised human host. Strains of donor animals,
usually pigs, are being bred in clinically clean
conditions to prevent viral contamination, but
there is still no guarantee of a close or ideal tissue
match. Also, the complexity of their breeding and
rearing means that these animals are expensive.
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Cloning

A potentially cheaper solution involves the clon-
ing of animals for use as transplant donors. This
research took a step forward with the successful
cloning of Dolly the sheep in 1996. However, other
advances have been slow to appear and although
cloning remains a theoretical course of action,
much research is still to be done, with its attendant
moral and ethical considerations.

B Cause of death
determination and
certification

When deciding on what to ascribe an individual’s
death to, the doctor is making a judgement about
causation, which may be relatively straightforward
in an individual who has a documented history of
ischaemic heart disease and who experiences a
cardiac arrest in hospital while on a cardiac moni-
tor. Difficulties arise, for example, where an indi-
vidual suffers a traumatic event, but has severe
underlying natural disease, or where there are
many potentially fatal conditions, each capable of
providing an explanation for death at that time.

The degree of certainty with which the doc-
tor is required to decide the cause of death may
vary between jurisdictions, and it may be more
intellectually honest to provide the cause of death
determination in a more ‘narrative’ style, such as
can be seen occasionally in coroners’ verdicts at
inquests.

The cause of death is something that is
substantial and significant (i.e. it is sufficient to
have caused death), and that the outcome would
not have occurred but for the occurrence of the
illness, disease or alleged action/omission of
another person (i.e. it was necessary for such
illness or other factor to have occurred for the
outcome to be fatal).

In general, if a doctor knows the cause of death,
and that cause of death is ‘natural’ (without any
suspicious or unusual features), the doctor may
issue a certificate for the medical cause of death.
In Ireland that certificate is called the ‘Death
Notification Form’ (DNF) (see Figure 3.1). It can
vary from country to country as to which doctor
may complete this certificate: in some countries
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the doctor must have seen and treated the patient
before death, whereas in other countries any doc-
tor who has seen the body after death may issue a
certificate. Typically, the doctor who was treating
the person at the time of his/her death will com-
plete the DNF. In Ireland, having pronounced a
death and after ascertaining that the death is not
the subject of a medico-legal investigation, the
doctor is required to issue a DNF. The doctor who
completes this form must be registered and must
have attended the deceased during her or his last
illness. The doctor can only certify the death if she
or he has personally attended the deceased dur-
ing the last illness within the last month. In order to
complete a DNF the doctor must be satisfied that
she or he knows the cause of death and further-
more, the death must be due to natural illness or
disease. No unnatural cause of death can be certi-
fied by a doctor as all unnatural deaths must be
reported to the coroner and only the coroner may
certify an unnatural cause of death. Where a doc-
tor is uncertain that a death is natural he or she
must discuss the case with the coroner.

Lastly, it is recommended that the certifying
doctor should have viewed the body after death
but this is not strictly necessary as it is not detailed
in the legislation. However, it would be good prac-
tice to do so. In the case of death due to chronic
illness, the one-month rule may be relaxed, but
only at the coroner’s discretion. A doctor must first
discuss the case with the coroner and if she or he
relaxes the rule, the DNF should be annotated with
“Discussed with the Coroner”.

The format for certifying the cause of death is
now defined by the World Health Organization
(WHO) and is an international standard that
is used in most countries, including Ireland.
The system divides the cause of death into two
sections: Section I describes the disease or
condition(s) that led directly to death; Section II
is for other significant conditions, not related to
those listed in Section I, that have also contrib-
uted to death.

Section I is divided into subsections and three —
(@), (©) and (c) — are printed on the certificate.
These subsections are for disease processes that
have led directly to death and that are causally
related to one another, (a) being due to (or as a
consequence of) (b), which in turn is due to (or
as a consequence of) (c). It is important to real-
ize that, in this system of death certification, it is



Forename(s):

To register a death and obtain a Death Certificate it is the duty of the relative (where available and capable) to complete
Part 2 of this form (overleaf) and bring it to any Registrar within 3 months of death. After 3 months any other qualified
informant (as defined overleaf) must do so.

Medical Certificate of Cause of Death — To be completed by a Registered Medical Practitioner

Death Notification Form

Part 1

Details of Deceased

Home Address:

Surname:

Date of Birth: | | V[l V[ I [ ][] Age:

(The Date of Birth should be entered)

Date of Death: [V 1[ ]

Place of Death (in full):

Lastseenalivebymeon;| [/ NN NN pps. No.: ||l -0 L

Wheather seen after death by me (Answer “yes” or “no” in all cases) I:, yes |:| no

If the deceased was female, was she known to have been pregnant at the time I:, yes |:| no
of death, or within the previous 42 days? (Answer “yes” or “no” in all cases)

*Please use Block Capitals

Medical Cause of Death Details

Approximate interval
between onset and death

Disease or Condition
directly leading to death
(This does not mean the mode
of dying, e.g, heart failure,
asthenia etc. It means the
disease which caused death.)

(@)

due to (or as consequece of)

Antecedent Causes
(morbid conditions if any,

(b)

due to (or as consequence of)

giving rise to the above
cause, stating theuinderlying
condition last.)

THIS IS NOT A DEATH CERTIFICATE

(©

11

Other Significant
Conditions
contributing to the death, but
not related to the disease or
condition causing it.

Forename:

Details of Registered Medical Practitioner

Business Address:

Surname:

Registered Qualification:

Signature:

Date: Daytime Telephone No.

Figure 3.1 Reproduction of death notification form (doctor’s counterfoil omitted).
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3 The medical aspects of death

the disease lowest in the Section I list that is the
most important, as it is the primary pathological
condition in the ‘chain of events’ leading to death.
It is this disease that is most important statistically
and which is used to compile national and interna-
tional mortality statistics.

Doctors should not record the mode of death
(e.g. coma, heart failure) in isolation on the death
certificate but, if a mode is specified, it should be
qualified by indicating the underlying pathologi-
cal abnormality leading to that mode of death. For
example:

Ia Cardiac failure

Ib Hypertrophic cardiomyopathy
or

Ia Coma

Ib Subarachnoid haemorrhage

Ic Ruptured congenital aneurysm.

Some jurisdictions will allow specific causes
of death that would not be acceptable else-
where. In Ireland, list of indefinite or undesir-
able terms (such as ‘convulsions’ or ‘old age or
senility’) is published together with the DNFs,
and medical practitioners should refer to that
list before completing the form. At the other end
of the age range, the diagnosis of sudden infant
death syndrome (SIDS) is now well established;
unfortunately, the diagnostic criteria are seldom
as well known and even less frequently are they
applied to the letter.

International classifications of disease are now
well established and the WHO produced a book,
International Statistical Classification of Diseases
and Related Health Problems (ICD), which can be
used for both clinical diagnoses and death certifi-
cates. In this classification, each condition is given
a four-digit ICD code, which simplifies both data
recording and data analysis and allows informa-
tion from many national and international sources
to be compared.

In some countries, doctors also have to record
the manner of death (e.g. homicide, suicide) on
the death certificate, as advocated by the WHO;
however, in most Western countries with an effi-
cient medico-legal investigative system, the con-
clusion about the manner of death is delegated to
a legal officer, for example the coroner in Ireland
and in England and Wales, the Procurator Fiscal in
Scotland or the Medical Examiner in some of the
states of the USA.
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B Medico-legal
investigation of death

As mentioned above, the types of deaths that
cannot be certified by a doctor are examined
by a variety of legal officers in other countries:
coroners, procurators fiscal, medical examiners,
magistrates, judges and even police officers. The
exact systems of referral, responsibility and inves-
tigation differ widely, but the general framework
is much the same. The systems are arranged to
identify and investigate deaths that are, or might
be, unnatural, overtly criminal, suspicious, trau-
matic or caused by poisoning, or that might sim-
ply be deaths that are unexpected or unexplained
(Figure 3.2).

The Coroner

In Ireland, the office of death investigation falls
upon the coroner who will operate under the
Coroner’s Act, 1962. As specified in the Act, one
of the main duties of the coroner is to investigate
sudden and unexplained deaths due to violence
or unnatural means. There are two principal types
of coroner in Ireland. The first type is Coroner Ex
Officio.These are High Court Judges who are auto-
matically coroners by virtue of their office and are
the persons who judicially review the acts of dis-
trict coroners. The district coroner’s jurisdiction
is limited to the district to which he or she was

Figure 3.2 Examination of skeletal remains at a wooded ‘scene’.
The forensic pathologist wears appropriate protective equipment
in order to prevent contamination of the remains. The attendance
at a ‘scene’ follows discussion with the crime scene manager
regarding the health and safety implications of the ‘scene’, the
approach to the body/remains and a forensic strategy for the
recovery of ‘trace evidence’, including swabs and ‘tape lifts’ from
sites such as exposed skin surfaces and body orifices.



originally appointed. This does not necessarily
mean the county boundary as some counties can
have more than one coroner. The local author-
ity must appoint a coroner “for every district in
whose jurisdiction the district is situate.” The
current practice involves the Minister for Justice,
who appoints a coroner to a district, replacing the
previous coroner in the event of their retirement
or death.

Once a death is reported, the coroner begins
the frequently lengthy process of investigating the
death. Where the coroner receives a report of the
presence of the body of a deceased person or per-
sons within the district, and it is established that
a registered medical practitioner is in a position
and willing to certify as to the cause of death, the
coroner need make no further enquiry and need
only issue the coroner’s certificate of death. Once
this is completed, it is not necessary to proceed
with an inquest.

When the coroner is of the opinion that that
person’s death may have occurred suddenly and
from unknown causes, and it is not possible to
obtain a medical certificate of the cause of death,
the coroner will request that a post-mortem take
place. If the results of the post-mortem show that
the death was due to natural causes again there
is no need to proceed with an inquest. This is dis-
cretionary however, and if the coroner feels that
an inquest would be beneficial to hold, he or she
may do so.

A coroner must hold an inquest in circum-
stances where death has occurred in a violent
or unnatural manner, suddenly or from unknown
causes, or in a place or in circumstances which
give rise to a statutory duty to hold an inquest.

For example, a doctor has a statutory duty to
notify a coroner if he or she is of the opinion that
death is due to unnatural causes. In practice, a
death is also notified if it occurs within 24 hours of
admittance to hospital. This obligation is deemed
to be discharged if the doctor immediately noti-
fies a member of the Gardai not below the rank
of Sergeant. Again, the common practice is to
notify any member of the Gardai, not necessar-
ily a Sergeant. Additionally, as mentioned above,
there is a statutory duty on a doctor to sign a
Death Notification form, if the doctor was attend-
ing the deceased person prior to his or her death
and where the doctor is satisfied that the cause of
death was a natural illness. If he or she fails to sign

or does not complete the DNEF, the Registrar of
Deaths refers the matter to the coroner for further
investigation. In addition, the Registrar of Deaths
has a duty to report a death to the coroner for
investigation if it appears that there was no medi-
cal attendant at the time of death and if the cause
of death is unknown.

Once a death has been reported to the coroner,
it is not necessary for the coroner to view the body
if it has been seen by a member of the Gardai who
will, if necessary, give evidence to that fact at the
inquest. The coroner has an overriding right to the
possession of the body until there has been suf-
ficient enquiry into the cause of death. While a
coroner is in legal possession of the body no other
person, including the next of kin, has rights over
the body. The coroner is acting in the wider public
interest in the investigation of a sudden or unnatu-
ral death, and it would be inconsistent with that
duty if any other person was permitted to inter-
fere in any way. Until the coroner gives a direc-
tion for the body to be released, it must remain in
the mortuary. After this period, the coroner might
be open to an action in damages for wrongfully
withholding the body. Conversely, it might be
possible to seek an injunction against a coroner to
restrain him or her from releasing the body to the
family until a second post-mortem examination is
conducted.

The coroner enjoys operational independence
but the coroner’s office is unique amongst judicial
offices in combining administrative, executive and
judicial functions in the discharge of his or her
duties. The coroner’s inquest is a court of record,
i.e. one in which the acts and judicial proceedings
are compiled in archives and are conclusive proof
of what is recorded. A coroner is legally obliged
to maintain and preserve the records relating to
receipt of the report of a death, directions for and
completion of a post-mortem, and the holding of
an inquest. Properly interested members of the
public can obtain copies of these documents for a
fee. The coroner’s inquest must be held in public
because, in addition to media reporting, the pub-
lic nature of the inquest is intended to help to allay
rumour and suspicion regarding a death.

The Coroner’s inquest

Following inquests into deaths caused, for exam-
ple, by road traffic accidents or accidents at work,
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3 The medical aspects of death

legal representatives for the parties involved, or
indeed insurance companies, may ask for cop-
ies of the record of verdict and depositions. It is
however, not necessary for the vast majority of
cases for the families to have legal representation.
However, it has become usual practice for fami-
lies to employ a solicitor. Unfortunately, there can
be a misunderstanding by the general public of
what the coroner’s inquest is, and indeed, what the
coroner is. The coroner’s inquest cannot apportion
blame or find anyone guilty of a particular act; it
is there to enquire into the death. In other words,
the coroner’s inquest is inquisitorial in nature,
designed to establish the facts and not to appor-
tion guilt, as is the case in an adversarial trial.

The inquest itself seeks to answer four ques-
tions: who the person is; when and where they
died and how they died. The ‘who’, ‘when’ and
‘where’ questions seldom pose a problem,; it is the
answer to the fourth question — the ‘how’ — that is
often the most difficult.

The coroner can sit with or without a jury,
except in some specific cases (e.g. deaths aris-
ing from the use of a vehicle in a public place or
where a death occurred in circumstances the con-
tinuance or possible recurrence of which would
be prejudicial to the health or safety of the pub-
lic) when they must sit with a jury. Where a coro-
ner, before commencing or resuming an inquest
in relation to any death, is informed by a Garda
Inspector, that she or he will request an adjourn-
ment of the inquest on the grounds that criminal
proceedings in relation to the death are being
considered, or have been instituted, the obliga-
tion to hold the inquest with a jury is suspended
until the full hearing of the inquest (known as a
Section 25 request).

Currently, coroners in Ireland, or the jury, have
a prescribed list of twelve verdicts and, although
riders or comments may be attached to these
verdicts, they must not indicate or imply blame.
Some commonly used verdicts include:

Accidental death;

Death by misadventure;

Medical misadventure;

Suicide;

Unlawful killing;

Death in accordance with the findings of a
criminal court;

Death by natural causes;
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B Open verdict (where the evidence is insuffi-
cient to reach any other verdict).

Coroners can also deliver findings in some par-
ticular circumstances. For example, a finding
could be made where a member of the Defence
Forces or the Gardai, who were acting in the
course of their duty, kills a person. Additionally, a
finding could be made where criminal proceed-
ings took place but there was no conviction or
where criminal investigations took place but there
was no prosecution.

B The autopsy

The words autopsy, necropsy and post-mortem
examination are synonymous, although post-
mortem examination can have a broader mean-
ing encompassing any examination made after
death, including a simple external examination.
InIreland, the post-mortem examination is defined
as a detailed examination involving:

M the dissection of the cranium, thorax and
abdomen

B the noting and description of marks or injuries
on the body

B ancillary investigations where appropriate to
include toxicology, histopathology and micro-
biology investigations.

In general terms, autopsies can be performed for
two reasons: clinical interest and medico-legal
purposes. The clinical autopsy is performed in a
hospital mortuary after consent for the examina-
tion has been sought from, and granted by, the
relatives of the deceased. The doctors treating
the patient should know why their patient has
died and be able to complete a Death Notification
Form evenin the absence of an autopsy. Autopsies
have been used in the past for the teaching of
medical students and others, and for research,
but have been in decline worldwide for several
decades.

The medico-legal autopsy is performed on
behalf of the state. The aims of these examina-
tions are much broader than those of the clinical
autopsy; they aim to:

B identify the body;
M estimate the time of death;



B identify and document the nature and number
of injuries;

B interpret the significance and effect of the
injuries;

B identify the presence of any natural disease;

B interpret the significance and effect of the
natural disease present;

B identify the presence of poisons; and

B interpret the effect of any medical or surgical
treatment.

Autopsies can, in theory, be performed by any
doctor, but ideally they should be performed by a
properly trained pathologist. Medico-legal autop-
sies are a specialized version of the standard
autopsy and should be performed by pathologists
who have had the necessary training and experi-
ence in forensic pathology. The autopsy should be
performed in a mortuary with adequate facilities
(Figure 3.3). Guidelines for an autopsy are con-
tained in Appendix 1 (p. 273).

However, where there are no trained staff
or no adequate facilities — which can occur not
only in some developing countries but also in
some so-called developed countries that do not
adequately fund their medico-legal systems —
non-specialist doctors may occasionally have
to perform autopsies and histopathologists may
have to perform medico-legal autopsies. A poorly
performed autopsy may be considerably worse
than no autopsy at all; it is certainly worse than
an autopsy delayed for a short while to await the
arrival of a specialist.

Figure 3.3 Modern forensic autopsy facilities, including
directional overhead lighting — with inbuilt video projection and
recording capability — to facilitate optimal forensic pathological
examinations.

The first crucial part of any autopsy is
observation and documentation and these skills
should lie within the competence of almost every
doctor. All documentation should be in writing,
and diagrams, drawings and annotations must
be signed and dated at the end of the examina-
tion. Photographs are extremely useful in all
medico-legal autopsies, but are essential in suspi-
cious deaths. Photographic documentation of inju-
ries should include a scale and some anatomical
reference point for ease of review.

Many autopsies will require ancillary investiga-
tions, such as radiological, toxicological, biochemi-
cal and microscopic analyses. (Figure 3.4, Figure
3.5). These will all have financial implications.

Figure 3.4 Operating microscopy in the forensic autopsy
suite facilitates detailed examination and documentation of
pathological findings.

Figure 3.5 Post-mortem radiology is important in many cases
in forensic pathology. Note the body is enclosed in a body
bag to prevent contamination of the body and loss of ‘trace
evidence’ from the surface of the body, prior to autopsy.
Hands (and usually feet) are similarly protected by paper or
plastic bags before recovery of a body from a scene.
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3 The medical aspects of death

Such matters and unwillingness of some individu-
als to allow autopsy on relatives have been active
drivers in exploring other means of undertaking
appropriate examinations to establish cause of
death. There is substantial interest in many coun-
tries into the utility of more modern radiological
modalities, such as computed tomography (CT) and
MRI, in a post-mortem setting, and results of studies
suggest that there is potential for virtual autopsy
(‘virtopsy’) techniques playing a significant role,
where such facilities are available, in reducing the
requirement for a full autopsy examination. The use
of imaging techniques in forensic medicine also
has potential for wider application in the clinical
setting for survivors of, for example, manual stran-
gulation or stabbing, where injury characteristics
can be better defined.

B The Minnesota protocol

A model autopsy protocol has been produced
by the United Nations within the context of
the investigation of human rights abuses — the
Minnesota Protocol (the United Nations Manual
on the Effective Presentation and Investigation
of Extra-legal, Arbitrary and Summary
Executions) — but which can be used for deal-
ing with ‘difficult or sensitive’ or controversial
cases. The protocol, which covers all stages of
the pathological death investigation process,
from scene examination to ancillary tests, recog-
nizes the need for such cases to be dealt with
by objective, experienced, well-equipped and
well-trained pathologists, and much of the detail
contained within the protocol codifies the stand-
ards already followed by forensic pathologists
when performing suspicious death autopsies in
many countries.

B Exhumation

It is rare for a body to be removed from its grave
for further examination; the most common reasons
for exhumation are personal, for example if a fam-
ily chooses to move the body or if a cemetery is
to be closed or altered. Various legal formalities
must be observed before permission to exhume a
body can be given, but these lie outside the scope
of this book. Once legal permission has been
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given, the correct site of the grave must be deter-
mined from plans and records of the cemetery, as
well as inscriptions on headstones.

In some countries with a low autopsy rate, for
example Belgium, exhumations are more com-
mon, as legal arguments about an accident or an
insurance claim, etc., require an examination of
the body to establish the medical facts.

The mechanics of removal of a coffin require
some thought and the practice of actually lifting
the coffin before dawn owes more to Hollywood
than to practical needs. As the body may need to
be examined as quickly as possible because of
decomposition, the mortuary, the pathologist, the
police and everyone else with a legitimate inter-
est must be aware of the time arranged.

An examination of a body after exhumation is
seldom as good as the examination of a fresh body,
but it is surprising how well-preserved a body
may remain and how useful such an examination
often is. It is almost impossible to predict how well
preserved a body might be, as there are so many
confounding factors (Figure 3.6). The autopsy
that follows an exhumation should be the same as
that performed at any other time, and should be
performed by a skilled and experienced forensic
pathologist.

If there is a possibility that poisoning may have
played a part in the death, samples of soil should
be taken from above, below and to the sides of the
coffin and submitted for toxicological examina-
tion. A control sample should also be taken from
a distant part of the cemetery. Additional sam-
ples should be taken of any fluid or solid material

Figure 3.6 Removal of the coffin lid following an exhumation.
Liquid mud covers the upper body following leakage of the
coffin lid.



within the coffin; these control samples may prove
useful if any suggestion of contamination is raised
at a later date.
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B Introduction

Loss of identity, either deliberate (e.g. because
someone does not wish their identity to be known,
or wishes to conceal the identity of another) or
unintentional (e.g. in mass disasters, or loss of
confirmatory papers), is a frequent problem for
individuals and authorities in cases of both the liv-
ing and the deceased.

Proper identification of a body is one of the key
questions to be answered when a body is found
and in the investigation of any death and forms
the first part of a coroner’s inquest (see Chapter 3,
p. 40). If decomposition or post-mortem changes
are advanced then visual identification may not be
possible and other techniques may be required to
confirm identify. If there is substantial injury (e.g.
in aircraft crashes or bombings) or deliberate
mutilation other techniques will be required to
establish identity.

Governments should have systems in place
for the rapid implementation of mass disaster
responses in situations of multiple deaths so that
casualties and deceased can be identified as
expeditiously as possible, for both legal process
and reassurance and comfort of relatives.

Identification
of the living
and the dead

The detailed assessment of the dead for
evidence of identity is a specialized task for a
multi-professional team that includes the forensic
pathologist, forensic odontologist, anthropologist,
radiologist, and other experts, but every doctor
should have some idea of the features that can be
used to establish the identity of a person, dead
or alive.

The same practitioners may also be required
to establish the age of an individual whose iden-
tity may be known, but whose age is not. Criminal
cases and asylum applications are common set-
tings where age may influence how that person is
dealt with and age estimation of the living is an
increasingly frequent requirement at the request
of courts and tribunals.

A number of means of identification (e.g. fin-
gerprints, DNA) are assisted in some countries by
well-established databases, such as the National
DNA Database in the UK (see p. 254). Presence on
these databases is often related to some form of
previous criminal involvement, and thus the per-
son or body with no previous criminal record may
prove to be more difficult to identify than those
with such a record. There is no DNA database in
Ireland.
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4 Identification of the living and the dead

B Methods of identification

Identification criteria

Identification criteria may be termed primary
or secondary, with a third group assisting in
identification. Primary identification criteria are
fingerprints, DNA, dental and unique medical
characteristics. Secondary criteria include fea-
tures such as deformity, marks and scars, X-rays,
personal effects and distinctive clothing. Features
that may provide some assistance in identifica-
tion include clothing, photographs and location.
Additional techniques such as gait analysis from
CCTV can be useful when other features cannot
be used.

DNA profiling

The specificity of DNA profiles is so great in sta-
tistical terms that it can be reliably specific to any
individual (see p. 270).

The molecule of DNA has two strands of sugar
and phosphate molecules that are linked by
combinations of four bases — adenine, thymine,
cytosine and guanine — forming a double helix
structure. Only about 10 percent of the molecule
is used for genetic coding (the active genes), the
remainder being ‘silent’. In these silent zones,
there are between 200 and 14,000 repeats of
identical sequences of the four bases. Jeffreys
found that adjacent sequences were constant for
a given individual and that they were transmitted,
like blood groups, from the DNA of each parent.
Only uni-ovular twins have the same sequences,
and the chances of two unrelated individuals
sharing the same sequence is one in a billion, or
higher. The statistical analysis of DNA identifica-
tion is extremely complex and it is important that
any calculations are based upon the DNA charac-
teristics of a relevant population and not upon the
characteristics of a ‘standard’ population some-
where else in the world.

There is now no need to match blood with
blood and semen with semen, as all the DNA in
one individual’s body must of necessity be identi-
cal. A perpetrator leaving any of his or her cells or
biological fluids at a scene is leaving proof of their
presence at the scene.

Comparison of DNA profiles with assumed or
known family members or against known databases
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can ensure a person’s identity is established. If
these comparisons cannot be done, other tests must
be used.

As the forensic scientists become more and
more proficient at extracting and amplifying
smaller and smaller amounts of genetic mate-
rial, so the risks of contamination increase. Scene
examination must now be approached with great
care and with sufficient protective clothing to pre-
vent the investigators obscuring any relevant DNA
by their own material being inadvertently shed
from exposed skin, or by sneezing. There is now
a need for investigators to provide exclusion DNA
samples in the same way as exclusion fingerprints
were once provided.

Examination of dental
structures

Forensic odontology (see p. 249) techniques are
widely used in the establishing or confirmation
of identity when bodies are found, or after mass
disaster. Pre-existing dental records and charts
and radiographic images can be compared with
examination of teeth of the deceased. The odon-
tologist may also be asked to make dental charts
of bodies whose identity remains unknown or
unconfirmed despite a police investigation, so
that, should dental information become available
at a later date, the two sets of records may then
be compared. Neither a living individual nor a
body can be identified simply by taking a dental
chart — that chart has to be compared with, and
found to match, a chart whose origins are known
(Figure 4.1).

The forensic odontologist is of prime impor-
tance in mass disasters where trauma is likely to
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Figure 4.1 Dental chart.



Figure 4.2 Retained dentition after fire.

make visual identification impossible. The great
advantage of dental identification is that the
teeth are the hardest and most resistant tissues
in the body and can survive total decomposition
and even severe fire, short of actual cremation
(Figure 4.2).

Where no previous records are available,
examination of the mouth and the teeth can still
give some general information on age, sex, diet
and ethnic origin.

Fingerprints

The recovery of the fingerprints from decomposing
and damaged bodies requires the use of special-
ized techniques which are the province of the fin-
gerprint expert (see also p. 258). Prints may often
be obtained from desquamated skin or from the
underlying epidermis after shedding of the stratum
corneum following prolonged submersion.

Morphological characteristics

Identity cannot be established by the simple
measurement of a set of parameters of an indi-
vidual or a body. It can only be established by
matching the parameters that can be measured or
seen on an individual with the same parameters
that were known to apply to, or to be present on, a
named individual. Identification is established by
matching a range of general observations made
about the body to a range of general information
known to be true about that particular individual.
The finding of a unique medical feature, or a com-
bination of specific features, that is known to be
possessed by that individual alone will add con-
siderable weight to the conclusions.

In both the living and dead, the height, weight
and general physique need to be recorded and
compared. Hair colour and length, including
bleaching or dyeing, the presence of a beard
or moustache and the amount and distribution
of other body hair, including sites that are com-
monly shaved, all need to be established. Skin
pigmentation, racial and ethnic facial appear-
ances, such as flared nostrils and epicanthic
folds are also obvious features that need to be
recorded in a standard fashion. All clothing, jew-
ellery and other ornaments on the person must
be recorded and photographed as they may pro-
vide useful information about the sex, race and
even occupation and social status of the body,
even if they are not sufficient for identification.
Tattoos, surgical scars, old injuries, congenital
deformities, striae from childbirth, tribal scars or
mazrkings, circumcision, moles, warts and other
skin blemishes, etc., must be carefully recorded
and, if unusual, photographed because a rela-
tive, friend or doctor may be able to confirm an
identity from these features.

In a living person or an intact body, the facial
appearance is all important, both from ethnic and
racial aspects and from individual appearances.
Frontal and profile photographs should be taken
for comparison.

Tattoos and body piercings

The main use of tattoos and piercings in forensic
medicine is in the identification of the bodies of
unknown persons. Once again, the simple pres-
ence of a tattoo does not constitute identification
and there has to be a comparison with the tattoos
of a known individual. Ante-mortem images can
be very helpful when compared with images of
the deceased, which can be used if a visual iden-
tification is not possible or so that they can be cir-
culated when the identity is not known.

There is a huge diversity of skin tattoos in
Western society, some of which may have specific
meaning or significance within certain subgroups
of society. However, there is also much folklore
about the significance of tattoos, a large amount
of which may have been relevant in the past. Now
that designs originating from throughout the
world are used as body decoration internationally,
little assistance is provided by assessing the tat-
too design. Names and dates of birth within tattoos
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may be useful. Decomposing bodies should be
examined carefully for tattoos, which may be ren-
dered more visible when the superficial desqua-
mated stratum corneum is removed.

Body piercing is widespread, and the site and
type of piercing should be noted and piercings
can be used as part of visual identification or can
be recovered for identification by relatives if vis-
ual identification is not possible.

B Identity of decomposed
or skeletonized remains

When presumed skeletal remains are discovered,
the investigators will want to know the answers to
a number of questions. The answers to these ques-
tions may require the expertise of pathologists,
forensic anthropologists, odontologists, radiolo-
gists and scientists. Questions include:

B Are the remains actually bones? Sometimes
stones or even pieces of wood are mistaken by
the public or police for bones: the anatomical
shape, character and texture should be obvi-
ous to a doctor.

B Are the remains human? Most doctors should
be able to identify most intact long bones.
A forensic pathologist will be able to identify
almost all of the human skeleton, although
phalanges, carpal and tarsal bones can be
extremely difficult to positively identify as
human because some animals, such as the
bear, have paw bones almost identical to the
human hand. It may be extremely difficult to
identify fragmented bones, and the greater
skills and experience of an experienced
anthropologist or anatomist are invaluable.
Cremated bones pose particular difficul-
ties and these should only be examined by
specialists.

B Am I dealing with one or more bodies (is
there co-mingling of body parts)? This ques-
tion can be answered very simply if there
are two skulls or two left femurs. However, if
there are no obvious duplications, it is impor-
tant to examine each bone carefully to assess
whether the sizes and appearances match.
It can be extremely difficult to exclude the
possibility of co-mingling of skeletal remains,
and expert forensic anthropological advice
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should be sought if there is any doubt. Even
with expert help, it might only be possible to
determine the minimum number of individual
skeletal remains present.

B What sex are the bones? The skull and the
pelvis offer the best information on sexing;
although the femur and sternum can provide
assistance, they are of less direct value. It is
important to attempt to determine the sex of
each of these bones and not to rely on the
assessment of just one. Examination by an
anthropologist or anatomist is vital.

B Whatis the age of the person? This will require
a multi-professional approach utilizing the
skills of the pathologist, anthropologist, odon-
tologist and radiologist, each contributing to
the overall picture.

B What is the height (stature) of the person? The
head to heel measurement of even a com-
pletely fresh dead body is seldom the same
as the person’s standing height in life, owing
to a combination of factors, including mus-
cle relaxation and shrinkage of interverte-
bral discs. If a whole skeleton is present, an
approximate height can be obtained by direct
measurement but, because of variable joint
spaces, articular cartilage, etc., this can only
be, at best, an approximation. If only some
bones are available, calculations can be made
from established tables.

B What is the race or ethnic origin? This is very
much the field of trained anthropologists
and should not be attempted without their
assistance.

B Can a personal identity be discovered? The
previous criteria can allot bones to various
groups of age and sex but putting a name to
the individual depends, as does all identifica-
tion, upon having reliable ante-mortem data.
Occasionally, foreign bodies such as bullets
or other metallic fragments may be found
embedded in the skeleton; these may either
relate to the cause of death or may simply be
anincidental finding. Most body implants (e.g.
pacemakers, joint replacement) bear a unique
reference number which identify the maker -
these and other unique medical data are often
useful in establishing identity.

Where pre-mortem clinical radiographs are
available, the comparison of these with the



post-mortem films may give a definite identity. If a
skull X-ray is available, comparison of the frontal
sinus patterns is incontrovertible as no two people
have the same frontal sinus outline. Expert com-
parisons of the lateral skull X-ray and radiographs
of the upper ribs, humeri and femurs can provide
useful information based partly, in the limbs, on
the pattern of the cancellous bone.

B Mass disasters

A mass disaster requires appropriate collection
of forensic samples; continuity and integrity of the
sample trail; and once analysed the application
of appropriate evidential standards. At the time it
may not be known whether an event has happened
by accident, natural disaster or as a crime. Ante-
mortem data from potential decedents, including
dental, fingerprint and DNA samples should be
sought at the earliest opportunity for later compar-
ison. Fingerprints can be obtained from personal
items, in the home or workplace or crime data-
bases. DNA samples can be obtained from similar
items but also families. Dental practitioners should
be approached to provide dental records, radio-
graphs and casts where available. Matching of the
ante-mortem data with the post-mortem samples
may be done manually or using specialized soft-
ware systems so that identities can be confirmed.
Ifmultiple deaths are caused by some form of dis-
aster the process of Disaster Victim Identification
(DVI) should be established. In Ireland, the Interpol
DVI procedure is followed and the coroner for the
jurisdiction where the disaster occurred will hold
the inquests into the deaths. Every effort will be
made to identify the victims of the disaster. Body
recovery teams will identify where the deceased
are. They will then be photographed before they
are moved to assist any criminal investigation
and to assist the coroner in establishing cause of
death. At the mortuary any personal items will
be retrieved. These will be used as indicators of
the potential identity of the person. Investigators
will then go with a family liaison officer to recover
items that could assist the identification, such as
personal items from the deceased’s home that may
yield fingerprints or DNA, or their dental records
from their dentist. If identity reaches the standard
of proof required then the evidence will then be
used for an inquest in the death to be opened.

Previously, transport incidents probably repre-
sented the most frequent setting for mass casual-
ties and death. Increasingly, such a situation is just
as likely to involve a terrorist incident. For the non-
specialist doctor at the scene of a mass disaster of
any kind, the first consideration is, of course, the
treatment of casualties, which may involve making
difficult ethical decisions about triage. In 2006 the
World Medical Association made recommenda-
tions for physicians faced with a mass disaster;
these are outlined in Box 4.1.

The investigation of the causes of death, the
causes of the incident (such as a bomb), and the
identification of the dead, are specialist opera-
tions involving individuals from a wide variety of
professional backgrounds, including those with
expertise in the provision of emergency mortuary
accommodation, pathologists, dentists, the police
and the usual state agencies responsible for sud-
den death; in Ireland this is the coroner. A team of
pathologists, assisted by police officers and mor-
tuary staff, and backed up by dental and radiolog-
ical facilities, inspects every body and records all
clothing, jewellery and personal belongings still
attached to the bodies. The body, or body part, is
then carefully examined for every aspect of iden-
tity, including sex, race, height, age and personal
characteristics. All these details are recorded
on standard forms and charts and the informa-
tion is sent back to the identification teams, who
can compare this post-mortem information with
ante-mortem information obtained from relatives,
friends, etc. An internal post-mortem examination
is usually performed to determine the cause of
death, retrieve any foreign objects that, for exam-
ple, may be related to an explosive device, and
to seek any further identifying features, such as
operation scars and prostheses.

B Age estimation in
the living

Many doctors will be asked to estimate or evalu-
ate the age of an individual but few will have the
knowledge or skills of assessing age or be aware
of the limitations, even when undertaken cor-
rectly. A small number will have the necessary
skill to undertake an age estimation and provide
responses appropriate to the respective degrees of
certainty required in criminal or civil proceedings.
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Box 4.1 Recommended ethical principles and procedures with regard to the

physicians in disaster situations, from WMA statement 2006

1. Triage is a medical action of prioritizing treatment and management based on a rapid diagnosis and prognosis for each patient. Triage must be carried
out systematically, taking into account the medical needs, medical intervention capabilities and available resources. Vital acts of reanimation may have to
be carried out at the same time as triage. Triage may pose an ethical problem owing to the limited treatment resources immediately available in relation
to the large number of injured persons in varying states of health.

2. |deally, triage should be entrusted to authorized, experienced physicians or to physician teams, assisted by a competent staff.

3. The physician should separate patients into categories and then treat them in the following order, subject to national guidelines:

a. Patients who can be saved but whose lives are in immediate danger should be given treatment straight away or as a matter of priority within the next
few hours.

. Patients whose lives are not in immediate danger and who are in need of urgent but not immediate medical care should be treated next.

. Injured persons requiring only minor treatment can be treated later or by relief workers.

. Psychologically traumatized individuals who do not require treatment for bodily harm might need reassurance or sedation if acutely disturbed.

. Patients whose condition exceeds the available therapeutic resources, who suffer from extremely severe injuries such as irradiation or burns to such
an extent and degree that they cannot be saved in the specific circumstances of time and place, or complex surgical cases requiring a particularly
delicate operation which would take too long, thereby obliging the physician to make a choice between them and other patients may be classified as
‘beyond emergency care’.

f. As cases may evolve and thus change category, it is essential that the situation be regularly reassessed by the official in charge of the triage.

The following statements apply to treatment beyond emergency care:

g. It is ethical for a physician not to persist, at all costs, in treating individuals ‘beyond emergency care’, thereby wasting scarce resources needed
elsewhere. The decision not to treat an injured person on account of priorities dictated by the disaster situation cannot be considered a failure to come
to the assistance of a person in mortal danger. It is justified when it is intended to save the maximum number of individuals. However, the physician
must show such patients compassion and respect for their dignity, for example by separating them from others and administering appropriate pain
relief and sedatives.

h. The physician must act according to the needs of patients and the resources available. He/she should attempt to set an order of priorities for treatment
that will save the greatest number of lives and restrict morbidity to a minimum.

@ o O O

Reproduced from WMA Statement on Medical Ethics in the event of disasters. Revised by the WMA General Assembly, Pilanesberg, South Africa,

4 Identification of the living and the dead

October 2006. Copyright, World Medical Association.

For the deceased, investigation of identity and
age is generally undertaken by order of, and with
the consent of the coroner.

In the living, other constraints apply. The
essential element of any age estimation proce-
dure is to ensure that it complies with, and ful-
fils, all local and/or national legal and ethical
requirements. All practitioners, clinical or foren-
sic, must take full responsibility for their actions
in relation to the human rights of the subject
undergoing investigation. It is essential that the
practitioner, clinical or forensic, undertaking
the estimation is experienced in the interpre-
tation and presentation of data emanating from
the investigation. They must have a current and
extensive understanding of the limitations of
their investigation both in relation to the physical
technology available to them and to the nature
of the database to which they will refer, for com-
parison purposes. This also requires that the
practitioner have a realistic understanding of the
variation expressed by the human form and
the extrinsic and intrinsic factors that may affect
any age-estimation process.
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Four main means of age estimation are avail-
able (see below), and the more of these that are
used the more likely it is that the result of the
examination will correlate well with the chrono-
logical age of the individual. Underestimation of
age is unlikely to raise any issue in relation to an
infringement of human rights (as younger persons
tend to be treated better in law) but an over-esti-
mation of age can have adverse effects. It is essen-
tial that the final estimation is robust and conveys a
realistic range within which the chronological age
is most likely to occur. Any element of doubt must
result in an increased range of possibilities. It is
not possible in any circumstance to ascertain with
certainty whether an individual is 20 or 21 years
of age. An assessment of 20 years ranges from a
specific calendar date (birthday) to a date that is
364 days beyond that date and only one day short
of the assessment of an age of 21 years. The means
of assessment that should be used now to estimate
age in the living are:

B social and psychological evaluation - this
requires evaluation by a highly trained clini-
cian or social work practitioner;
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B external estimation of age — this evaluation
must be undertaken by a qualified clinician (a
forensic physician, or a paediatrician for the
child and geriatrician for the elderly — exami-
nation by more than one practitioner may be
appropriate);

B skeletal estimation of age — this investigation
cannot be undertaken visually and therefore
relies on technology to assist the process
(exposure to much of the relevant technology
has risk from ionizing radiation and can only
be undertaken with informed consent);

B dental estimation of age.

Certain aspects of each of these means of assess-
ment are well recognized. External estimation
of age should use Tanner staging to assess child
maturity (Figure 4.3). Skeletal estimation will
assess hand/wrist radiographs in the first instance,
which are compared against standards previously
published. A visual intraoral inspection will inform
the practitioner as to the stage of emergence and
loss of the dentition and is particularly useful for
age evaluation in the pre-pubertal years. Pubertal
and post-pubertal individuals will, however,
require a radiographic investigation.
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B Introduction

It is accepted that, if irreversible cardiac arrest has
occurred, the individual has died and eventually
all of the cells of the body will cease their normal
metabolic functions and the changes of decompo-
sition will begin.

Initially, these changes can only be detected
biochemically as the metabolism in the cells alters
to autolytic pathways. Eventually the changes
become visible and these visible changes are
important for two reasons: first, because a doctor
needs to know the normal progress of decomposi-
tion so that he does not misinterpret these normal
changes for signs of an unnatural death and, sec-
ond, because they may be used in estimating how
long the individual has been dead (i.e. the post-
mortem interval, or PMI).

The appearance of the body after death
reflects PMI-dependent changes, but the reliabil-
ity and accuracy of traditional ‘markers’ of the PMI
has become increasingly doubtful, given their
dependence on incompletely understood biologi-
cal and environmental factors.

The appearance

of the body
after death

B The early post-mortem
interval

Rapid changes after death

When the heart stops and breathing ceases, there
is an immediate fall in blood pressure and the
supply of oxygen to the cells of the body ceases.
Initially, the cells that can use anoxic pathways will
do so until their metabolic reserves are exhausted,
and then their metabolism will begin to fail. With
loss of neuronal activity, all nervous activity
ceases, the reflexes are lost and breathing stops.
In the eye the corneal reflex ceases and the pupils
stop reacting to light. The retinal vessels, viewed
with an ophthalmoscope, show the break-up or
fragmentation of the columns of blood, which is
called ‘trucking’ or ‘shunting’ as the appearance
has suggested the movement of railway carriages.
The eyes themselves lose their intraocular tension.

The muscles rapidly become flaccid (primary
flaccidity), with complete loss of tone, but they may
retain their reactivity and may respond to touch or
taps and other forms of stimulation for some hours

53



5 The appearance of the body after death

after cardiac arrest. Discharges of the dying motor
neurons may stimulate small groups of muscle
cells and lead to focal twitching, although these
decrease with time.

The fall in blood pressure and cessation of
circulation of the blood usually render the skin,
conjunctivae and mucous membranes pale. The
skin of the face and the lips may remain red or
blue in colour in hypoxic/congestive deaths. The
hair follicles die at the same time as the rest of
the skin and there is no truth in the belief that
hair continues to grow after death, although the
beard may appear more prominent against a
pale skin.

Loss of muscle tone may result in voiding of
urine; this is such a common finding that no rela-
tionship with deaths from epilepsy or asphyxia
can be established. Emission of semen is also
found in some deaths, therefore, the presence of
semen cannot be used as an indicator of sexual
activity shortly before death.

Regurgitation of gastric contents is a very
common feature of terminal collapse and it is a
common complication of resuscitation. Gastric
contents are identified in the mouth or airways
in a significant proportion of all autopsies. The
presence of such material cannot be used to indi-
cate that gastric content aspiration was the cause
of death unless it is supported by eyewitness
accounts or by microscopic identification of food
debris in peripheral airways in association with an
inflammatory response.

Rigor mortis

Rigor mortis is, at its simplest, a temperature
dependent physicochemical change that occurs
within muscle cells as a result of lack of oxygen.
The lack of oxygen means that energy cannot be
obtained from glycogen via glucose using oxida-
tive phosphorylation and so adenosine triphos-
phate (ATP) production from this process ceases
and the secondary anoxic process takes over for
a short time but, as lactic acid is a by-product of
anoxic respiration, the cell cytoplasm becomes
increasingly acidic. In the face of low ATP and high
acidity, the actin and myosin fibres bind together
and form a gel. The outward result of these com-
plex cellular metabolic changes is that the mus-
cles become stiff. However, they do not shorten
unless they are under tension.
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It is clear from the short discussion above that
if muscle glycogen levels are low, or if the muscle
cells are acidic at the time of death as a result of
exercise, the process of rigor will develop faster.
Electrocution is also associated with rapidly
developing rigor and this may be caused by the
repeated stimulation of the muscles. Conversely,
in the young, the old or the emaciated, rigor may
be extremely hard to detect because of the low
muscle bulk.

Rigor develops uniformly throughout the body
but it is generally first detectable in the smaller
muscle groups such as those around the eyes
and mouth, the jaw and the fingers. It appears to
advance down the body from the head to the legs
as larger and larger muscle groups become stiff-
ened. The only use of assessing the presence or
absence of rigor lies in the estimation of the time
of death, and the key word here is ‘estimation’, as
rigor is such a variable process that it can never
provide an accurate assessment of the time of
death. Extreme caution should be exercised in
trying to assign a time of death based on the very
subjective assessment of the degree and extent
of rigor. Charts or tables that assign times since
death based on the assessment of rigor should be
viewed with great scepticism. On its own, rigor
mortis has very little utility as a marker of the PMI
because of the large number of factors that influ-
ence it.

The chemical processes that result in the stiff-
ening of the muscles, in common with all chemical
processes, are affected by temperature: the colder
the temperature the slower the reactions and vice
versa. In a cold body, the onset of rigor will be
delayed and the length of time that its effects on
the muscles can be detected will be prolonged,
whereas in a body lying in a warm environment,
the onset of rigor and its duration will be short.

It is also important to be aware of the micro-
environment around the body when assessing
rigor: a body lying in front of a fire or in a bath
of hot water will develop rigor more rapidly than
if it were lying outside in winter. When the post-
mortem cooling of a body is extreme, the stiffen-
ing of the body may result from the physical effects
of cooling or freezing rather than rigor. This will
become apparent when the body is moved to a
warmer environment (usually the mortuary) and
the stiffening caused by cold is seen to disappear
as the body warms. Continued observation may



reveal that true rigor then develops as the cellular
chemical processes recommence.

In temperate conditions rigor can commonly
be detected in the face between approximately
1 hour and 4 hours and in the limbs between
approximately 3 hours and 6 hours after death,
with the strength of rigor increasing to a maxi-
mum by approximately 18 hours after death. Once
established, rigor will remain for up to approxi-
mately 80 hours after death until autolysis and
decomposition of muscle cells intervenes and
muscles become flaccid again. These times are
only guidelines and can never be absolute.

It is best to test for rigor across a joint using
very gentle pressure from one or two fingers
only; the aim is to detect the presence and extent
of the stiffness, not to ‘break’ it. If rigor is broken
by applying too much force, those muscle groups
cannot reliably be tested again.

Cadaveric rigidity

‘Cadaveric rigidity’ is said to be the stiffness of
muscles that has its onset immediately at death,
and the basis for this concept is the finding of
items gripped firmly in the hand of the deceased
before the onset of normal rigor. Most cases are
said to be related to individuals who are at high
levels of emotional or physical stress immediately
before death and many reports relate to battle-
field casualties, but there are many reports of indi-
viduals recovered from rivers with weeds or twigs
grasped firmly in their hand or the finger of a sui-
cidal shooting found tightly gripping the trigger.
It is suggested that the mechanism for this phe-
nomenon is possibly neurogenic, but no scien-
tifically satisfactory explanation has been given.
It is clearly not the same chemical process as true
rigor and it is better that the term ‘instantaneous
rigor’ is no longer used as it implies an equiva-
lence with a process for which there is a scientific
explanation (Figure 5.1).

Post-mortem hypostasis

Cessation of the circulation and the relaxation
of the muscular tone of the vascular bed allow
simple fluid movement to occur within the blood
vessels. Post-mortem hypostasis or post-mortem
lividity are the terms used to describe the visual
manifestation of this phenomenon. Theoretically,

Figure 5.1 Cadaveric rigidity — a rare post-mortem finding that
may be seen in bodies recovered from water, where vegetation
is found tightly ‘gripped’ in the hand.

currents will occur between warmer and colder
areas of the body and this may be of importance
in the redistribution of drugs and chemicals after
death. There is also filling of the dependent blood
vessels.

The passive settling of red blood cells under
the influence of gravity to blood vessels in the low-
est areas of the body is of forensic interest. This
results in a pink or bluish colour to these lowest
areas and it is this colour change that is called
post-mortem hypostasis or lividity. Hypostasis is
not always seen in a body and it may be absent
in the young, the old and the clinically anaemic
or in those who have died from severe blood loss.
It may be masked by dark skin colours, by jaun-
dice or by some dermatological conditions.

Post-mortem hypostasis occurs where super-
ficial blood vessels can be distended by blood.
Compression of skin in contact with a firm sur-
face, for example, prevents such distension, and
results in areas of relative or complete pallor
within hypostasis. Relative pallor within hyposta-
sis may also be caused by pressure of clothing or
by contact of one area of the body with another,
in which case ‘mirror image’ pallor may be seen
(Figure 5.2).

The site and distribution of the hypostasis must
be consideredinthelight ofthe position ofthe body
after death. A body left suspended after hanging
will develop deep hypostasis of the lower legs and
arms, with none visible on the torso (Figure 5.3),
whereas a body that has partially fallen head first
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5 The appearance of the body after death

Figure 5.2 Post-mortem hypostasis in a posterior distribution.
Areas of pallor can be seen as a result of pressure of the body
on a firm surface, whereas parts of the body not in direct
contact with that surface are purple/pink because of the
‘settling of blood under gravity’. This body has been lying on
its back since death.

Figure 5.3 Post-mortem hypostasis distribution following
hanging. Note the skin discoloration is in the legs and hands
because of the vertical body position after death and the green
discoloration in the right iliac fossa region.

out of bed will have the most prominent hypostatic
changes of the head and upper chest.

If a body has laid face downwards, or with the
head in a position lower than the rest of the body,
hypostasis can cause significant problems for
interpretation. Hypostasis in the relatively lax soft
tissues of the face can lead to intense congestion
and the formation of petechial haemorrhages in
the skin of the face, and in the conjunctivae, rais-
ing concerns about the possibility of pressure
having been applied to the neck. Areas of pallor
around the mouth and nose may also add to the
impression of pressure having been applied to
those areas implying ‘suffocation’ (Figure 5.4). In
such circumstances, the pathologist must attempt
to exclude pressure to the mouth, nose and neck
as having a role in the death by careful examina-
tion and dissection of those structures following
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Figure 5.4 Post-mortem hypostasis pattern on the front of a
body found face down on a bed. The linear marks are formed
by pressure from creases in a blanket. Pallor around the mouth
and nose are caused by pressure against the bed and do not
necessarily indicate marks of suffocation.

removal of the brain and heart, and looking for
bruising and skeletal injury.

The colour of hypostasis is variable and may
extend from pink to dark pink to deep purple
and, in some congestive hypoxic states, to blue. In
general, no attempt should be made to form any
conclusions about the cause of death from these
variations of colour, but there are, however, a few
colour changes that may act as indicators of pos-
sible causes of death: the cherry pink colour of
carbon monoxide poisoning, the dark red or brick
red colour associated with cyanide poisoning and
infection by Clostridium perfringens, which is said
to result in bronze hypostasis.

Bodies stored in refrigerators frequently have
pink hypostasis, and while pink hypostasis is also
seen in hypothermia victims, they may also have
prominent pink/red staining over large joints, the



precise cause of which is uncertain, but this may
represent haemolytic staining.

The time taken for hypostasis to appear is so
variable that it has no reliable role in determining
the time of death. Movement of a body will have
an effect on hypostasis, as the red blood cells
continue to move under the influence of gravity.
Even after the normal post-mortem coagulation
of the blood has occurred, movement of the red
blood cells, although severely reduced, still con-
tinues. This continued ability of the red blood
cells to move is important because changes in
the position of a body after the initial develop-
ment of hypostasis will result in redistribution of
the hypostasis and examination of the body may
reveal two overlapping patterns.

Cooling of the body after death

The cooling of the body after death can be viewed
as a simple physical property of a warm object in
a cooler environment. Newton’s Law of Cooling
states that heat will pass from the warmer body
to the cooler environment and the temperature of
the body will fall. However, a body is not a uniform
structure: its temperature will not fall evenly and,
because each body will lie in its own unique envi-
ronment, each body will cool at a different speed,
depending upon the many factors surrounding it
(Figure 5.5).

In order to use body temperature as an indica-
tor of the time of death the following three basic
forensic assumptions must be made:

1 The first assumption is that the body tempera-
ture was 37°C at the time of death. However,
many factors affect body temperature in life,
including variation throughout any 24-hour
period (i.e. diurnal variation), exercise, infec-
tion and the menstrual cycle.

2 The second assumption is that it is possible
to take one, or perhaps a few, post-mortem
body temperature readings and, using math-
ematical formulae, to extrapolate that data
and generate a reliable estimate of the time
taken by that body to cool to that measured
temperature.

3 The third assumption is that the body has
lain in a thermally static environment; this
is generally not the case and even bodies
lying in a confined domestic environment

Plateau of variable

/ duration
/V‘
36.9°C
(98.4°F) Temperature® Decomposition [
0 6 12 18 24 30 36 42 48 54
Hours after death

Figure 5.5 The sequence of major changes after death in a
temperate environment. Note that the core body temperature
does not show a fall for the first hour or so.

Box 5.1 Examples of factors affecting

the rate of cooling of a body

Mass of the body

Mass/surface area

Body temperature at the time of death

Site of reading of body temperature(s)

Posture of the body — extended or curled into a fetal position
Clothing — type of material, position on the body — or lack of it
Obesity — fat is a good insulator

Emaciation — lack of muscle bulk allows a body to cool faster
Environmental temperature

Winds, draughts, rain, humidity

may be subject to the daily variations of the
central heating system, while the variations
imposed on a body lying outside are poten-
tially so great that no sensible ‘average’ can
be achieved.

Many other variables and factors also affect the
rate of cooling of a body (Box 5.1) and together
they show why the sensible forensic patholo-
gist will be reluctant to make any pronounce-
ment on the time of death based on the body
temperature alone.

B Other post-mortem
changes

As the post-mortem interval increases, the
body undergoes additional changes that reflect
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5 The appearance of the body after death

tissue ‘breakdown’, autolysis and progressive
decomposition/putrefaction.

Decomposition/putrefaction

In the cycle of life, dead bodies are usually
returned, through reduction into their various
components, to the chemical pool that is the earth.
Some components will do this by entering the
food chain at almost any level — from ant to tiger —
whereas others will be reduced to simple chemi-
cals by autolytic enzymatic processes built into
the lysosomes of each cell.

The early changes of decomposition are impor-
tant because they may be confused by the police
or members of the public with the signs of vio-
lence or trauma.

Decomposition results in liquefaction of the
soft tissues over a period of time, the appearance
of which, and the rate of progress of which, is a
function of the ambient temperature: the warmer
the temperature, the earlier the process starts and
the faster it progresses. In temperate climates the
process is usually first visible to the naked eye at
about 3-4 days as an area of green discoloration
of the right iliac fossa of the anterior abdominal
wall. This ‘greening’ is the result of the extension
of the commensal gut bacteria through the bowel
wall and into the skin, where they decompose hae-
moglobin, resulting in the green colour. The right
iliac fossa is the usual origin as the caecum lies
close to the abdominal wall at this site. This green
colour is but an external marker of the profound
changes that are occurring in the body as the gut
bacteria find their way out of the bowel lumen into
the abdominal cavity and the blood vessels.

The blood vessels provide an excellent chan-
nel through which the bacteria can spread with
some ease throughout the body. Their passage
is marked by the decomposition of haemoglobin
which, when present in the superficial vessels,
results in linear branching patterns of variable
discoloration of the skin that is called ‘marbling’
(Figure 5.6). Over time, generalized skin discol-
oration occurs and, as the superficial layers of
the skin lose cohesion, blisters containing red or
brown fluid form in many areas. When the blisters
burst, the skin sloughs off.

Considerable gas formation in soft tissues and
body cavities is common and the body begins
to swell, with bloating of the face, abdomen,
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breasts and genitals (Figure 5.7). The increased
internal pressure causes the eyes and tongue to
protrude and forces blood-stained fluid up from
the lungs which often ‘leaks out’ of the mouth
and nose as ‘purge fluid’. Such fluid is frequently
misinterpreted by those inexperienced with
decomposition related changes as representing
injury-associated haemorrhage.

The role of flies and maggots and other ani-
mals is discussed below and in Chapter 24, p. 268;
domestic animals and other predators are not
excluded from this process. As decomposition
continues, soft tissues liquefy; however, the pros-
tate and the uterus are relatively resistant to putre-
faction and they may survive for months, as may
the tendons and ligaments. Eventually, skeletali-
zation will be complete and unless the bones are
destroyed by larger animals, they may remain for
years.

No reliable ‘timetable’ for decomposition can
be constructed because environmental factors
may favour enhanced or delayed decomposition,

Figure 5.6 Early decomposition with skin slippage and
discoloration. Note the ‘marbling’ representing discoloration
owing to decomposition within superficial blood vessels.

Figure 5.7 Putrefaction/decomposition of approximately

1 week in temperate summer conditions. Note the ‘bloating’
of soft tissues, distortion of facial features and ‘purge fluid’
emanating from the mouth and nose.



and such factors will generally be unknown to
those investigating the death.

Immersion and burial

Immersion in water or burial will slow the process
of decomposition. Casper’s Law (or Ratio) states
that: if all other factors are equal, then, when there
is free access of air, a body decomposes twice
as fast than if immersed in water and eight times
faster than if buried in earth.

Water temperatures are usually lower than
those on land. A body in water may adopt a num-
ber of positions, but the most common in the
early stage is with the air-containing chest float-
ing uppermost and the head and limbs hanging
downwards. Hypostasis follows the usual pattern
and affects the head and limbs, and these areas
may also be damaged by contact with the bottom
if the water is shallow (Figure 5.8).

The first change that affects the body in water
is the loss of epidermis. Gaseous decomposition
progresses and the bloated body is often, but
not always, lifted to the surface by these gases,
most commonly at about 1 week but this time is
extremely variable. Marine predators will replace
the animals found on land and they can cause
extensive damage (Figure 5.9). Exposure to water
can, in some cases, predispose to the formation of
adipocere (see below), but this is unusual unless a
body lies underwater for many weeks.

The effects and the time-scale of the changes
following burial are so variable that little can be
said other than buried bodies generally decay
more slowly, especially if they are buried deep
within the ground. The level of moisture in the

Figure 5.8 Disposition of a body floating in water. Typically the
head and limbs hang down, resulting in superficial injuries to
the head/face, back of the arms and hands, knees and top of
the feet.

surrounding soil and acidity of the soil will both
significantly alter the speed of decomposition.

Adipocere

Adipocere is a chemical change in the body fat,
which is hydrolysed to a waxy compound not
unlike soap. The need for water means that this
process is most commonly seen in bodies found in
wet conditions (i.e. submerged in water or buried
in wet ground) but this is not always the case and
some bodies from dry vaults have been found to
have adipocere formation, presumably the origi-
nal body water being sufficient to allow for the
hydrolysis of the fat (Figure 5.10).

In the early stages of formation, adipocere is
a pale, rancid, greasy semi-fluid material with
a most unpleasant smell. As the hydrolysis pro-
gresses, the material becomes more brittle and
whiter and, when fully formed, adipocere is a grey,

Figure 5.9 Marine creature predation in a body recovered
from the North Sea after 3 months. Much of the skin has been
removed by crustaceans, and the arm muscles by larger fish
who have cleaned out most of the body cavity.

Figure 5.10 Adipocere formation. Following burial for 3 years,
waxy adipocere forms a shell around the skeleton of this infant.
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5 The appearance of the body after death

firm, waxy compound that maintains the shape of
the body. The speed with which adipocere can
develop is variable; it would usually be expected
to take weeks or months, but it is reported to have
occurred in as little as 3 weeks. All three stages of
adipocere formation can coexist and they can also
be found with areas of mummification and putre-
faction if the conditions are correct.

Mummification

A body lying in dry conditions, either climatic
or in a microenvironment, may desiccate instead
of putrefy — a process known as mummification
(Figure 5.11). Mummified tissue is dry and leath-
ery and often brown in colour. It is most commonly
seen in warm or hot environments such as desert
and led to the spontaneous mummification of bod-
ies buried in the sand in Egypt. However, it is not
only bodies from hot dry climates that can be
mummified, as the microenvironment necessary
for mummification may exist anywhere.

Mummification of newborn infants whose bod-
ies are placed in cool dry environments (e.g.
below floor boards) is common, but adults may
also be mummified if they lie in dry places, pref-
erably with a draught. Mummification is, however,
much more likely in the thin individual whose
body will cool and desiccate quickly.

Mummification need not affect the whole body,
and some parts may show the normal soft tissue
decomposition changes, skeletalization or forma-
tion of adipocere, depending on the conditions.
Mummified tissues are not immune to degrada-
tion and invasion by rodents, beetles and moths,
especially the brown house moth, in temperate
climates.

Figure 5.11 Mummification. The skin is dry and leathery
following recovery from a locked room for 10 weeks.
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Skeletalization

The speed of skeletalization will depend on many
factors, including the climate and the microenvi-
ronment around the body. It will occur much more
quickly in a body on the surface of the ground than
in one that is buried. Generally speaking, in a for-
mally buried body, the soft tissues will be absent
by 2 years. Tendons, ligaments, hair and nails will
be identifiable for some time after that.

At about 5 years, the bones will be bare and
disarticulated, although fragments of articular
cartilage may be identified for many years and
for several years the bones will feel slightly
greasy and, if they are cut with a saw, a wisp of
smoke and a smell of burning organic material
may be present. Examination of the bone mar-
row space may reveal residual organic material
that can sometimes be suitable for specialist
DNA analysis. Examination of the cut surface of a
long bone under UV light may assist in dating, as
there are changes in the pattern of fluorescence
over time.

Dating bones, as with all post-mortem dating,
is fraught with difficulty. The microenvironment in
which the bone has lain is of crucial importance
and the examination and dating of bones is now a
specialist subject. If in doubt, the forensic pathol-
ogist should enlist the assistance of a forensic
anthropologist or archaeologist who have the spe-
cialist skills and techniques to manage this type
of material.

In Ireland, the medico-legal interest in bones
fades rapidly if a bone has been dead for more
than 70-80 years, because even if it was from a
criminal death, it is most unlikely that the killer
would still be alive. Carbon-14 dating is of no
use in this short time-scale, but examination of
the bones for levels of strontium-90, which was
released into the atmosphere in high levels only
after the detonation of the nuclear bombs in the
1940s, may allow for the differentiation of bones
from before and after that time.

Post-mortem injuries

Dead bodies are not immune to injuries and can
be exposed to a wide range of trauma, and it is
important to bear this possibility in mind when
examining any body so that these injuries are not
confused with injuries sustained during life.



Predation by land animals and insects can
cause serious damage to the body: if there is any
doubt about bite marks, an odontologist should
be consulted (Figure 5.12). In water, fish, crusta-
ceans and larger animals can also cause severe
damage, but there is the added damage caused
by the water-logging of the skin and the move-
ment of the body across the bottom or against the
banks. Contact with boats and propellers will gen-
erally lead to patterns of injuries that should be
easily recognizable.

It is not true to say that post-mortem injuries
do not bleed because many do leak blood,
especially those on the scalp and in bodies recov-
ered from water. The confirmation that a wound is
post-mortem in origin may be extremely difficult
because injuries inflicted in the last few minutes
of life and those that were caused after death may
appear exactly the same. In general, post-mortem
injuries do not have a rim of an early inflammatory
response in the wound edges, but the lack of this
response does not exclude an injury inflicted in
the last moments of life.

B Estimation of the post-
mortem interval (PIMI)

The pathologist is often asked for an opinion on
PMI (the ‘time since death’) based on the patho-
logical findings. While none of the changes after
death is capable of providing a precise ‘marker’ of
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Figure 5.12 Post-mortem animal predation. The wound
margins of these rat bites are free from haemorrhage or
reddening. Such injuries are commonly present around the
eyes, ears and nose.

PMI, the most reliable would appear to be related
to the cooling of the body after death.

Body temperature

Traditionally, the temperature of the body was
taken rectally using a long, low-reading thermom-
eter (0-50°C was considered to be adequate).
However, there are problems with using this site
because any interference with the anus or rectum
before a full forensic examination of the area in a
good light may confuse or contaminate later inves-
tigations into the presence of biological materials
such as semen, blood or hair.

The development of small electronic tempera-
ture probes with rapid response times and digi-
tal readouts has revolutionized the taking of body
temperatures. These probes have allowed the
use of other orifices, including the nose and ear,
although it must be remembered that these areas
are unlikely to register the same temperature as
the deep rectum or the liver.

Currently, the most useful method of estimating
the time of death is Henssge’s Nomogram (which
is explained in some detail in Box 5.2). Crucially,
the 95 percent accuracy claimed for this method
is, at best, only 2.8 hours on either side of the
most likely time (a total spread of over 5.5 hours).
Henssge’s Nomogram relies on three measure-
ments — body temperature, ambient temperature
and body weight — and lack of accuracy in any one
of these will degrade the final result. In addition,
there is the application of empirical corrective
factors to allow for clothing, air movement and/
or water (Table 5.1) and it should be noted that
application of these empirical factors can signifi-
cantly lengthen the time spans that lie within the
95 percent confidence limits.

The need to record the ambient tempera-
ture poses some problems because pathologists
are seldom in a position to do this at the time
of discovery and, as their arrival at the scene is
often delayed by some tens of minutes or hours,
it is most unlikely that the temperature at that
time will still be of relevance. Therefore, the first
police officers or scientists at the scene should be
encouraged to take the ambient temperature adja-
cent to the body and to record the time that they
made their measurement. This, however, may give
rise to concerns about interpretation of physical
findings (dependent on how and by what route
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5 The appearance of the body after death

Box 5.2 The rectal temperature—time of death relating nomogram
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This nomogram is for ambient temperatures up to 25°C. Permissible variation of 95% (+/-h). The Henssge nomogram expresses the death-time (t) by:
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The nomogram is related to the chosen standard; that is, a naked body extended lying in still air. Cooling conditions differing from the chosen standard may
be proportionally adjusted by corrective factors of the real body weight, giving the corrected body weight by which the death-time is to be read off. Factors
above 1.0 may correct thermal isolation conditions and factors below 1.0 may correct conditions accelerating the heat loss of a body. This representation of
the nomogram should not be used for actual cases.

(Continued )
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Box 5.2 (Continued)

How to read off the time of death

1. Connect the points of the scales by a straight line according to the rectal and the ambient temperature. It crosses the diagonal of the nomogram at a
special point.

2. Draw a second straight line going through the centre of the circle, below left of the nomogram, and the intersection of the first line and the diagonal.
The second line crosses the semicircle of the body weight and the time of death can be read off. The second line touches a segment of the outermost
semicircle. Here can be seen the permissible variation of 95%.

Example: temperature of the rectum 26.4°C; ambient temperature 12°C; body weight 90 kg.

Result: time of death 16 + 1.8 hours. Statement: the death occurred within 13.2 hours and 18.8 hours (13 hours and 19 hours) before the time of meas-
urement (with a reliability of 95%).

Note: If the values of the ambient temperature and/or the body weight are called into question, repeat the procedure with other values which might be
possible (see Table 5.1 for ‘corrective factors’). The range of death-time can be seen in this way.

Requirements for use

@ No strong radiation (e.g. sun, heater, cooling system).

@ No strong fever or general hypothermia.

@ No uncertain® severe changes of the cooling conditions during the period between the time of death and examination (e.g. the place of death must be
the same as where the body was found).

@ No high thermal conductivity of the surface beneath the body®.

Notes

@Known changes can be taken into account: a change of the ambient temperature can often be evaluated (e.g. contact the weather station); use the mean
ambient temperature of the period in question. Changes by the operations of the investigators (e.g. taking any cover off) since finding the body are negli-
gible: take the conditions before into account.

b Measure the temperature of the surface beneath the body too. If there is a significant difference between the temperature of the air and the surface
temperature, use the mean.

This representation of the nomogram should not be used for actual cases

Table 5.1 Empirical corrective factors of body weight

Dry clothing/covering orrective factor | Wet-through clothing/covering In air/water
wet body surface
35 Naked Flowing
0.5 Naked Still
0.7 Naked Moving
0.7 1-2 thin layers Moving
Naked Moving 0.75
1-2 thin layers Moving 0.9 2 or more thicker Moving
Naked Still 1.0
1-2 thin layers Still 1.1 2 thicker layers Still
2-3 thin layers 1.2 More than 2 thicker layers Still
1-2 thicker layers Moving or still 1.2
3-4 thin layers 1.3
More thin/thicker layers Without influence 1.45
Thick bedspread + clothing 1.8
Combined 2.4

For the selection of the corrective factor of any case, only the clothing or covering of the lower trunk is relevant! Personal experience is needed,
nevertheless this is quickly achieved by the consistent use of the method.
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the temperature is taken). An alteration of 5°C in
the ambient temperature may lead to, at least, a
1-hour alteration in the most likely time of death.

Many pathologists have in the past used various
‘rules of thumb’ to calculate the time of death from
the body temperature but these are generally so
unreliable that they should not now be used.

Sometimes the perceived warmth of the body
to touch is mentioned in court as an indicator of
the time of death; this assessment is so unreliable
as to be useless and is even more so if the patholo-
gist is asked to comment upon the reported per-
ceptions of another person.

Various other methods have been researched
in as yet unsuccessful attempts to find the hands
of the post-mortem clock. Biochemical methods,
including vitreous humour potassium levels and
changes in enzyme and electrolyte levels else-
where in the body, have been researched; some
remain as interesting research tools but none has
been successful in routine work.

Other techniques
used in estimating or
corroborating PMI

Of considerable value is the work of the foren-
sic entomologist, who can determine a probable
time of death — in the region of days to months —
from examination of the populations and stages
of development of the various insects that invade
a body. Initially, the sarcophagus flies — the blue-
bottle (Calliphora), the greenbottle (Lucilla) and
houseflies (Musca) — lay their eggs on moist areas,
particularly the eyes, nose, mouth and, if exposed,
the anus and genitalia. The eggs hatch into larvae,
which grow and shed their skins a number of times,
each moult being called an instar (Figure 5.13).
Finally, they pupate and a new winged insect
emerges. The time from egg laying through the
instars to pupation depends on the species and on
the ambient temperature, but in general it is about
21-24 days.

Other animals, both large and small, will arrive
to feed on the body, with the species and the rapid-
ity of their arrival depending on the time of year
and the environment. The examination of buried
bodies or skeletal remains will usually require the
combined specialist skills of the forensic patholo-
gist, an anthropologist and an entomologist.
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Figure 5.13 Maggot infestation of a body recovered from
heated premises approximately 2 weeks after death. Forensic
entomology may assist in estimating post-mortem interval
(PMI) in such cases.

Analysis of gastric contents — other than for toxi-
cological purposes — may occasionally assist in an
investigation, where such analysis identifies food
components capable of corroborating (or refut-
ing) other evidence that suggests that a particular
meal had been eaten at a particular time, but can-
not reliably be used to determine time of death.
It is important, where time of death may be an
issue that all stomach contents are retained for
subsequent analysis.

Forensic mycology, the assessment of fungi,
is the other area where some assistance may be
gained in determining the time of death in some
cases. The use of a range of techniques can all
assist the investigator in narrowing down the
possible time of death.

B Further information
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B Introduction

In countries where deaths have to be officially
certified, the responsibility for certification falls
either to the doctor who attended the patient dur-
ing life or one who can reasonably be assumed
to have sufficient knowledge of the clinical his-
tory to give a reasonable assessment of the cause
of death. This is an ‘honest opinion, fairly given’,
but many studies have shown that there is a large
error rate in death certificates and that in 25-60
percent of deaths there are significant differences
between the clinician’s presumption of the cause
of death and the lesions or diseases actually dis-
played at the autopsy.

Unfortunately, it seems that there has been lit-
tle or no improvement in the problems of certifi-
cation of death over the years and as a result the
raw epidemiological data gathered by national
statistical bureaus must be treated with some cau-
tion. All doctors should take the task of certifying
the cause of death very seriously but, regrettably,
it is a job usually delegated to the most junior and
least experienced, member of the team. In Ireland,
having pronounced a death and after ascertaining
that the death is not the subject of a medico-legal
investigation, the doctor is required to complete
the Death Notification Form and to issue a “Medical

Unexpected
and sudden
death from
natural causes

Certificate of the Cause of Death” (MCCoD).
It should be noted that the Death Notification Form
incorporates the MCCoD. The medical practitioner
who completes this form must be registered and
must have attended the deceased during her or his
last illness. The doctor can only certify the death if
she or he has personally attended the deceased
during the last illness within the last month. In order
to complete a MCCoD the doctor must be satisfied
that she or he knows the cause of death and fur-
thermore, the death must be due to natural causes.
Lastly, it is recommended that the certifying doctor
should have viewed the body after death but this
is not strictly necessary as it is not detailed in the
legislation. However, it would be good practice to
do so.Two Acts detail the statutory responsibilities
of doctors in certifying deaths; section 42 of the
Civil Registration Act, 2004 and section 18.4 of the
Coroner’s Act, 1962.

In the case of death due to chronic illness, the
one-monthrule may be relaxed, but only at the coro-
ner’s discretion. A doctor must first discuss the case
with the coroner and if she or he relaxes the rule,
the MCCoD should be annotated with “Discussed
with the Coroner”. There is a different approach to
sudden and unexpected deaths, as these deaths
are usually reportable to the authorities, such as the
coroner, for medico-legal investigation.
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6 Unexpected and sudden death from natural causes

The World Health Organization (WHO) defini-
tion of a sudden death is death within 24 hours
of the onset of symptoms, but in forensic prac-
tice most sudden deaths occur within minutes or
even seconds of the onset of symptoms. Indeed,
it is very likely that a death that is delayed by
hours will not be referred to the coroner or other
medico-legal authority, as a diagnosis may well
have been made, and a death certificate can be
completed by the attending doctors.

It is crucial to remember that a sudden death
is not necessarily unexpected and an unexpected
death is not necessarily sudden, but these two fac-
ets are often combined.

B Cardiovascular system

Disease of the heart

When a natural death is very rapid, the most com-
mon cause of irreversible cardiac arrest is a car-
diovascular abnormality. While some degree of
geographical variation is to be expected, the fol-
lowing lesions are the most significant as causes of
sudden unexpected death.

Coronary artery disease

Narrowing of the lumen of a coronary artery
(stenosis) by atheroma may lead to chronic
ischaemia of the muscle supplied by that artery.
If the myocardium becomes ischaemic, it may
also become electrically unstable, predisposing
to the development of an abnormal heart rhythm
(i.e. an arrhythmia). The oxygen requirement
of the myocardium is dependent upon the heart
rate; an increase in heart rate — for example dur-
ing exercise, following a large meal or as a conse-
quence of a sudden adrenaline response to stress,
anger, fear or other such emotion — will lead to
an increase in myocardial oxygen demand. If the
increased oxygen demand cannot be met, owing
to restriction of blood flow through the stenotic
vessel, the myocardium distal to the stenosis will
become ischaemic. Ischaemia does not invariably
lead to myocardial infarction, it just has to be suf-
ficiently severe to initiate a fatal arrhythmia and, if
the region rendered ischaemic includes one of the
pace-making nodes or a major branch of the con-
ducting system, the risk that rhythm abnormalities
will develop is greatly increased.

68

Complications of atheromatous plaques may
worsen the coronary stenosis and subsequent
myocardial ischaemia. Bleeding may occur into
a plaque and this can be seen as sub-intimal
haemorrhage at autopsy. Sudden expansion of the
plaque may lead to rupture, which may also occur
if the plaque ulcerates. When a plaque ruptures,
the extruded cholesterol, fat and fibrous debris
will be ‘washed downstream’ in the coronary
artery and impact distally, often causing multiple
mini-infarcts. The endothelial cap of a ruptured
plaque may act as a flap valve within the vessel
and cause a complete obstruction.

An atheromatous plaque is a site for the devel-
opment of thrombus, which will further reduce the
vessel lumen without necessarily fully blocking
the vessel.

Coronary thrombosis underlies most of the
complications of coronary artery atherosclerosis,
including unstable angina, acute myocardial infarc-
tion and sudden cardiac death but such thrombi
are found with variable frequency at autopsy —
between 13% and 98% (Figure 6.1).

(b)

Figure 6.1 Significant coronary artery atherosclerosis and acute
thrombosis. Macroscopic (a) and microscopic (b) appearance.



Myocardial infarction occurs when there is
severe stenosis or complete occlusion of a coro-
nary artery so that the blood supply is insuffi-
cient to maintain oxygenation of the myocardium.
However, if there is adequate collateral circulation,
blood can still reach the myocardium by other
routes. The fatal effects of an infarct may appear at
any time after the muscle has become ischaemic
(Figure 6.2).

The area of muscle damaged by a myocardial
infarctionis further weakened by the process of cel-
lular death and the inflammatory response to these
necrotic cells. The area of the myocardial infarct is
weakest between 3 days and 1 week after the clini-
cal onset of the infarct and it is at this time that the
weakened area of myocardium may rupture, lead-
ing to sudden death from a haemopericardium

and cardiac tamponade. The rupture occasionally
occurs through the interventricular septum, result-
ing in a left-right shunt. If a papillary muscle is
infarcted, it may rupture, which will allow part of
the mitral valve to prolapse, which may be associ-
ated with sudden death or may present as a sud-
den onset of valve insufficiency (Figure 6.3).

An infarct heals by ‘scarring’ (fibrosis), and
fibrotic plaques in the wall of the ventricle or
septum may interfere with physical or electrical
cardiac function. Cardiac aneurysms may form at
sites of infarction; they may calcify and they may
rupture.

Physical lesions in the cardiac conducting sys-
tem have been studied intensively in recent years,
especially in relation to sudden death. Many dif-
ferent abnormalities have been found; it may be

d

Figure 6.2 Myocardial infarction. (a) Macroscopic appearance of acute left-ventricular myocardial infarction. (b-d) Microscopic
appearance of myocardial infarction with early necrosis (b), organization including residual haemosiderin-laden macrophages and

fibroblasts (c), and extensive replacement fibrosis (d).
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6 Unexpected and sudden death from natural causes

Figure 6.3 Haemopericardium causing cardiac tamponade.
The distended pericardial sac has been opened to reveal fluid
and clotted blood.

difficult to determine if conduction system lesions
are the cause of a fatal arrhythmia or merely an
incidental finding but, in the absence of any other
abnormality, it may be reasonable to conclude
that they were a significant factor in causing
the death.

Hypertensive heart disease

Long-standing hypertension can result in car-
diac remodelling, manifested by left-ventricular
hypertrophy (and cardiomegaly). Although the
‘normal heart weight’ (approximately 400 g for the
‘average man’) is dependent on body size/weight,
an enlarged heart predisposes an individual to
chronic myocardial hypoxia and electrical insta-
bility which, when combined with a ‘trigger’, can
result in a fatal arrhythmia. Some authors consider
a heart weight of greater than 500 g to represent
an inherently unstable heart. Hypertensive heart
disease frequently coexists with coronary artery
atherosclerosis, increasing the potential for the
development of fatal arrhythmias at times of car-
diovascular ‘stress’.
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Bortic stenosis

Aortic stenosis is a disease that classically affects
older individuals with calcified tricuspid aortic
valves, but may also be seen in younger people
who have a congenital bicuspid aortic valve. The
accompanying myocardial hypertrophy is simi-
lar to that caused by hypertension - leading to
left ventricular hypertrophy — which may, in some
cases, produce heart weights of over 700 g.

In aortic stenosis, myocardial perfusion is wors-
ened by the narrow valve, which results in a lower
pressure at the coronary ostia and hence in the
coronary arteries. Sudden death is common in
these patients.

Senile myocardial degeneration

Senescence is a well-accepted concept in all ani-
mals, and few humans survive beyond 90-100
years (although this number is increasing). The
cause of a sudden death in these elderly individu-
als can be very difficult to determine. The senile
heart is small, the surface vessels are tortuous and
the myocardium is soft and brown owing to accu-
mulated lipofuscin in the cells.

Primary myocardial disease

Primary diseases of the myocardium are much
less common than the degenerative conditions
described above and they commonly affect a sig-
nificantly younger age group. They include con-
ditions where there is a structural abnormality of
the heart that is visible to the ‘naked eye’ and/or
under the microscope (myocarditis and the ‘car-
diomyopathies’) and those conditions having no
recognizable morphological/structural abnormal-
ity (the ‘channelopathies’).

Myocarditis occurs in many infective diseases,
such as diphtheria and viral infection, including
influenza. Complications, including sudden death,
associated with the infection may occur some
days or even weeks after the main clinical symp-
toms. Myocarditis may sometimes be suspected
macroscopically because of the presence of pale
or haemorrhagic foci in the myocardium (having a
‘mottled’ appearance), although histological con-
firmation of multifocal inflammatory cell infiltrates
and associated myocyte necrosis requires exten-
sive sampling at post-mortem examination.



The cardiomyopathies comprise a group of
disorders including:

B hypertrophic cardiomyopathy (HCM), which
is an inherited disease of cardiac muscle
sarcomeric proteins, characterized by sym-
metrical or asymmetrical hypertrophy, a
sub-aortic mitral ‘impact lesion’ and myocyte
disarray;

B dilated cardiomyopathy (DCM), which may be
a primary disorder, or a secondary phenom-
enon (for example to chronic alcohol misuse);
and

B arrhythmogenic right ventricular cardiomy-
opathy (ARVCM) - an inherited condition
increasingly being recognized — which is char-
acterized by predominantly right-ventricular
thinning with fibro-fatty myocyte replacement.

The cardiomyopathies are an important group of
conditions linked to sudden death in the young,
and are of particular importance in deaths occur-
ring during exercise, or on the athletic field.

The channelopathies are a group of disor-
ders receiving increasing interest because of the
advent of sophisticated molecular pathology tech-
niques. They represent a relatively small propor-
tion of sudden deaths, presumed to be of cardiac
origin, where investigations — including toxicol-
ogy — have failed to identify an alternative expla-
nation for death. These sudden deaths are often
‘triggered’ by a stimulus, including exercise, sud-
den loud noises or even during sleep. Such deaths
are often characterized as falling into the broad
category of sudden adult death syndrome (SADS).

New entities are continually being discov-
ered in this group of conditions, but the main
syndromes currently recognized include Wolff-
Parkinson-White, Long QT, Short QT, Brugada and
Catecholaminergic Polymorphous Ventricular
Tachycardia and Idiopathic Ventricular Fibrillation.

Pathologically, there are no ‘naked eye’ or
microscopic abnormalities in the heart as the
defects are at a molecular level. Defects in genes
encoding myocyte ‘contractile units’ have been
characterized, and these affect the function of
sodium, potassium and calcium channels (hence
‘channelopathies’) and the ryanodine receptor,
for example. Molecular investigations are likely to
form an increasing role in the post-mortem inves-
tigation of such presumed sudden cardiac deaths
with a structurally normal heart.

Diseases of the arteries

The most common lesion of (extracardiac) arter-
ies associated with sudden death is the aneurysm.
Several varieties must be considered as they are
very commonly found in sudden unexpected
death autopsies.

Atheromatous aneurysm of the aorta

These aneurysms are most commonly found in
elderly individuals in the abdominal region of the
aorta (Figure 6.4).

They are formed when the elastic component
of the aortic wall underlying an atheromatous
plaque is damaged and blood under pressure is
able to ‘balloon’ the weakened wall. The aneu-
rysms may be saccular (expanding to one side)
or fusiform (cylindrical). The wall of the aneurysm
is commonly calcified and the lumen is commonly
lined by old laminated thrombus.

Many aneurysms remain intact and are found as
an incidental finding at autopsy, but others even-
tually rupture. The rupture may be repaired sur-
gically if diagnosed in time, but many individuals
die too quickly for any help to be given. Because
the aorta lies in the retroperitoneal space, that
is where the bleeding is found; it may lie to one
side and envelop a kidney. Rarely, the aneurysm
itself, or the retroperitoneal haematoma, ruptures
through the retroperitoneal tissues to cause a
haemoperitoneum.

Figure 6.4 Atherosclerotic abdominal aortic aneurysm. As the
aneurysm dilates, there is an increased risk of leakage and
frank rupture, leading to fatal intra-abdominal or retroperitoneal
haemorrhage. (a) Ulcerated atherosclerotic plaque; (b) site of
previous aneurysm repair.
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6 Unexpected and sudden death from natural causes

Dissecting aneurysm of the aorta

The damage caused by an atheromatous plaque
can also result in an intimal defect and weaken-
ing of the media, allowing blood from the lumen
to ‘dissect’ into this weakened arterial wall. Once
the dissection has started, the passage of blood
under pressure extends the dissection along
the aortic wall. The commonest site of origin of
a dissecting aneurysm is in the thoracic aorta
and the dissection usually tracks distally towards
the abdominal region, sometimes reaching
the iliac and even the femoral arteries. In fatal
cases, the track may rupture at any point, result-
ing in haemorrhage into the thorax or abdomen.
Alternatively, it can dissect proximally around
the arch and into the pericardial sac, where it can
produce a haemopericardium, cardiac tampon-
ade and sudden death.

Dissecting aneurysms (Figure 6.5) are princi-
pally found in individuals with hypertension, but
may also be seen in younger individuals with con-
nective tissue defects, such as Marfan syndrome.

Syphilitic aneurysms

These are now relatively rare in developed coun-
tries because of the effective treatment of primary
and secondary syphilis, but they are still encoun-
tered in routine autopsies on old people and in
individuals from areas without an established
healthcare system.The aneurysms are thin walled;
they are most common in the thoracic aorta and
especially in the arch. They may rupture, causing
torrential haemorrhage.

Intracranial vascular lesions

Several types of intracranial vascular lesions are
important in sudden or unexpected death.

Ruptured berry aneurysm

A relatively common cause of sudden collapse
and often rapid death of young to middle-aged
men and women is subarachnoid haemorrhage
as a consequence of rupture of a ‘congenital’
(berry) aneurysm of the basal cerebral arteries,
either in the circle of Willis itself or in the arter-
ies that supply it. Whether berry aneurysms can
be described as ‘congenital’ depends on the
interpretation of the word: strictly speaking, they
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Figure 6.5 Thoracic aortic dissection. The origin of the
dissection is in the aortic root, just above the tricuspid aortic
valve (a) with a plane of dissection in the aortic media (b).

are not present at birth, but the weakness in the
media of the vessel wall (usually at a bifurcation)
from which they develop is present at birth. The
aneurysms may be a few millimetres in diameter
or may extend to several centimetres; they may be
single or multiple and they may be found on one
or more arteries (Figure 6.6).

The aneurysms may be clinically silent or they
may leak, producing a severe headache, neck
stiffness, unconsciousness and sometimes paraly-
sis or other neurological symptoms. The rupture
of a berry aneurysm on the arterial circle of Willis
allows blood to flood over the base of the brain
or, if the aneurysm is embedded in the brain, into
the brain tissue itself. The precise mechanism of



Figure 6.6 Berry aneurysm of the proximal middle cerebral
artery and associated subarachnoid haemorrhage.

sudden death following subarachnoid haemor-
rhage is not understood: bathing the brain-stem
in blood may invoke vascular spasm resulting in
critical ischaemia of cardiorespiratory control
centres or the presence of subarachnoid blood
under pressure may directly affect such brain-
stem cardiorespiratory control.

An area of controversy in forensic pathology is
the role of assault in the development of subarach-
noid haemorrhage from a ruptured ‘congenital’
aneurysm. Particular difficulties arise when
rupture of an intracerebral aneurysm follows an
altercation not attended by any physical evidence
of blunt force head injury; a causative role for a
transient elevation of blood pressure, owing to the
‘stress’ of the altercation, is controversial and may
be further complicated by alcohol intoxication.

An additional entity frequently encountered in
forensic pathology practice is that of ‘traumatic
basal subarachnoid haemorrhage’. The ‘classical
scenario’ in such cases is of an individual, often
intoxicated by alcohol, receiving a blow to the
head or neck, which results in a rapid extension
and rotation of the head on the neck. The indi-
vidual collapses rapidly following such a blow —
and suffers a cardiac arrest — and is subsequently
found to have a basal subarachnoid haemorrhage
associated with a ‘tear’ in an intracranial blood
vessel, frequently a vertebral artery. Microscopy of
the culprit artery reveals no evidence of an intrin-
sic vascular abnormality and toxicological analy-
sis reveals no evidence of stimulant drugs, such as
cocaine or amphetamine. Issues that may become
relevant in court relate to whether the death was
caused by, for example, a punch or by the impact
of the head on the ground after the punch. Criteria

for ascribing such basal subarachnoid haemor-
rhage to trauma have been proposed, but such
cases are often complicated by a lack of independ-
ent witness evidence to the incident, although the
wider usage of CCTV has enabled clear links
between mechanisms and pathological outcome
to be confirmed in some cases. The post-mortem
demonstration of such intracranial vascular injury
requires careful in situ dissection techniques, pref-
erably under operating microscopy, in order to
exclude artefactual vascular disruption.

Cerebral haemorrhage,
thrombosis and infarction

Sudden bleeding into brain tissue is common, usu-
ally in old age and in those with significant hyper-
tension and, together with cerebral thrombosis
and resulting brain infarction, is the commonest
cause of the well-recognized cluster of neurologi-
cal signs colloquially termed a ‘stroke’.

The term cerebrovascular accident (CVA) is
in common usage in such circumstances, both
as a clinical diagnosis and as a cause of death.
Occasionally,itis misinterpreted by the public,and
sometimes also by legal officials, as indicating an
unnatural cause of death because of the use of the
word ‘accident’. To avoid this small risk, it is much
more satisfactory, if the exact cause is known, to
use the specific term that describes the aetiology
(cerebral haemorrhage or cerebral infarction) or,
if the aetiology is not known, to use the generic
term cerebrovascular lesion (Figure 6.7).

Spontaneous intracerebral haemorrhage is
most often found in the external capsule/basal
ganglia of one cranial hemisphere and arises from
rupture ofa micro-aneurysm of the lenticulo-striate

Figure 6.7 Acute cerebral infarction (predominantly middle
cerebral artery territory).
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6 Unexpected and sudden death from natural causes

Figure 6.8 Recent intracerebral haemorrhage in a hypertensive
individual.

artery, sometimes called a Charcot-Bouchard
aneurysm. The sudden expansion of a haematoma
compresses the internal capsule and may destroy
some of it, leading to a hemiplegia (Figure 6.8).

Death in such circumstances is not usually
sudden, although there is a complex interac-
tion between the brain and the heart, and thus a
‘stroke’ affecting a region of the brain important in
such control can precipitate a cardiac arrest.

B Respiratory system

The major cause of sudden death within the res-
piratory organs is again vascular. Pulmonary
embolism is very common and is the most clini-
cally under-diagnosed cause of death. In almost
every case, the source of the emboli is in the deep
leg or pelvic veins (Figure 6.9). Tissue trauma,
especially where it is associated with immobility
or bed rest, is a very common predisposing factor
in the development of deep vein thrombosis. Most
thromboses remain silent and cause no problems,
but a proportion embolize and block pulmonary
arteries of varying size. Large thromboemboli
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Figure 6.9 Fatal pulmonary thromboembolism. Macroscopic
(@) and microscopic (b) appearance.

can occlude the origin of the pulmonary arteries
(saddle emboli), resulting in massive acute right-
heart strain and failure as a result of mechani-
cal blockage, whereas smaller thromboemboli
become lodged in smaller-calibre pulmonary
blood vessels where they interfere with pulmo-
nary function and lead to myocardial ischaemia
and cardiac arrest.

A predisposing cause for pulmonary throm-
boembolism can be identified in a significant
proportion of such deaths, including immobility
following surgery or trauma, use of the oral con-
traceptive, smoking or where there is a history of
metastatic cancer or a blood clotting abnormality.
However, the remainder occur unexpectedly in
normal, ambulant people who have reported no
clinical symptoms. This sometimes makes estab-
lishing the causal relationship between death and
an injurious event difficult. For the purposes of



civil law (where the standard of proof for causation
is ‘on the balance of probabilities’) the embolism
can often be linked to the trauma, but in a criminal
trial in which a higher standard of proof (‘beyond
reasonable doubt’) is required, it may be much
harder to demonstrate a causal link between the
two events.

Other rare causes of sudden death in the respir-
atory system (excluding bronchial asthma which
is covered separately below) include massive
haemoptysis from cavitating pulmonary tuber-
culosis or from an invasive tumour (Figure 6.10).
Rapid (but not sudden) deaths can also occur from
fulminating chest infections, especially virulent
forms of influenza.

B Gastrointestinal system

The main causes of sudden death in the gastro-
intestinal system are predominantly vascular in
nature; severe bleeding from a gastric or duodenal
pepticulcer can be fatal in a short time, although
less torrential bleeding may be amenable to emer-
gency medical/surgical intervention (Figure 6.11).

Mesenteric thrombosis and embolism, usually
related to aortic or more generalized atheroscle-
rosis, may result in infarction of the gut; a rapid
but not sudden death is expected if the infarction
remains undiagnosed. Intestinal infarction owing
to a strangulated hernia, or obstruction owing to
torsion of the bowel as a consequence of adhe-
sions can also prove rapidly fatal (Figure 6.12).

Peritonitis, following perforation of a peptic
ulcer, diverticulitis or perforation at the site of a
colonic tumour for example, can be rapidly fatal if
not treated (Figure 6.13).

Many of these conditions present as sudden
death in elderly people because they cannot, or
will not, seek medical assistance at the onset of
the symptoms, and are then unable to do so as
their condition worsens.

B Gynaecological
conditions

When a female of childbearing age is found
deceased, a complication of pregnancy must be
considered to be the most likely cause of death
until other causes have been excluded. Abortion

Figure 6.10 Disseminated pulmonary tuberculosis (TB).
Note also the cavitating (secondary TB) lesion.

Figure 6.11 Massive haemorrhage from erosion of blood
vessels in the base of this peptic gastric ulcer.

Nz
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Figure 6.12 Intestinal infarction following volvulus of the
sigmoid colon.

remains one possibility anywhere in the world, but
especially in countries where illegal abortion is
still very common. In Ireland, abortions are illegal,
except in cases where there is a risk to the life of
the mother.
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6 Unexpected and sudden death from natural causes

Figure 6.13 Peritonitis. Note the fibrinous deposits on the
surface of loops of intestines.

Legislation on this issue was passed in July 2013
under the Protection of Life During Pregnancy
Act, 2013 (although, by October 2013, it had not
yet been commenced by Ministerial order). The
Act provides for a termination of pregnancy in an
appropriate institution (i.e. certain hospitals that
are designated by name under the Act) in three
specific areas in relation to the pregnant woman:

Where there is a risk of loss of her life from
physical illness

Two medical practitioners must exam-
ine the woman and must jointly cer-

tify that there is a real and substantial

risk of loss of her life from a physical
illness and that carrying out a termi-
nation will avert the risk. One of the
medical practitioners must be an
obstetrician at an appropriate institu-

tion and the other must be a medical
practitioner from a relevant special-

ity. So, for example, if the woman was
suffering from cancer, then the spe-
cialist would have to be an oncologist.

In addition to this, and if it is possible,

one of the medical practitioners
should also consult the woman’s gen-

eral practitioner, with her agreement.

Where there is a risk of loss of her life from
physical illness in an emergency

When a medical practitioner, having
examined the pregnant woman, is

of the opinion that there is an imme-

diate risk of loss of the woman’s life

and that a termination is immediately
necessary in order to save her life,
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that medical practitioner may carry
out the procedure.

Where there is a risk of loss of her life from
suicide
Three medical practitioners must have
examined the woman and they must
all jointly certify that there isareal and
substantialrisk ofloss of her life by way
of suicide. They must also state that the
only way the risk of suicide can be
averted is that a termination must be
carried out. One of the medical prac-
titioners must be an obstetrician, the
other two must be psychiatrists and
all three must practice at appropriate
institutions. At least one of the psychi-
atrists must provide (or has provided)
mental health services to women in
respect of pregnancy, childbirth or
post-partum care. Again, at least one
of these medical practitioners should
consult with the woman’s general
practitioner, with her agreement.

Those are the three main provisions in the Act,
which also goes on to detail the review procedures
and conscientious objections etc. However, despite
the new legislation, it is likely that substantial num-
bers of pregnant Irish women will still travel abroad
to have a termination of pregnancy carried out.
There is a conservative estimate of approximately
4,100 women who travel to England and Wales for
an abortion each year; this figure does not include
women who may travel elsewhere in Europe.
Therefore, death due to complications arising
from an abortion must not be discounted.

A ruptured ectopic pregnancy, usually in a
Fallopian tube, is another grave obstetric emer-
gency that can end in death from intraperitoneal
bleeding unless rapidly treated by surgical inter-
vention (Figure 6.14).

Maternal deaths (occurring during pregnancy
or within 12 months of parturition) can be classi-
fied into:

B ‘direct’ deaths (caused by diseases specifi-
cally related to pregnancy, such as pulmonary
thromboembolism, pre-eclampsia, obstetric
haemorrhage, amniotic fluid embolism, acute
fatty liver of pregnancy or ectopic gestation);
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Figure 6.14 Ectopic pregnancy leading to rupture of the
Fallopian tube and massive intra-abdominal haemorrhage.

B ‘indirect’ deaths (from pre-existing disease
exacerbated by pregnancy such as congeni-
tal heart disease or a cardiomyopathy and not
due to obstetric causes);

B ‘late’ deaths (occurring between 42 days
and one year after abortion, miscarriage or
delivery and can includes direct or indirect
causes);

B ‘coincidental’ deaths (from unrelated causes
which happen to occur in pregnancy or the
puerperium.

Maternal deaths are the subject of confiden-
tial review in Ireland under the Maternal Death
Enquiry (Ireland) scheme. It is now a matter of HSE
policy that all staff in services operated or funded
by the HSE should cooperate fully with the mater-
nal death enquiry process.

B Deaths from asthma
and epilepsy

Deaths from acute bronchial asthma are infre-
quent with increasingly effective pharmacological
control of this chronic condition. Asthma ‘attacks’
may be triggered by a number of common and
household allergens, as well as commonly abused
drugs such as heroin and crack cocaine (particu-
larly when it is smoked). The ‘naked eye’ autopsy
findings include hyper-inflated lungs and mucus
plugging of the airways by tenacious, viscous
mucus. Microscopy of the lungs commonly reveals
chronic airway remodelling, with basement

Figure 6.15 Bronchial asthma. (a,b) Microscopy demonstrating
airway ‘remodelling’, mucus distension and inflammatory cell
infiltration, including neutrophils and eosinophils.

membrane thickening, goblet cell and smooth
muscle hyperplasia, and super-imposed airway
inflammation with eosinophils (Figure 6.15). An
anaphylactic component may be responsible for
a fatal outcome, and post-mortem blood sampling
for mast cell tryptase is often rewarding.

Epilepsy - recurrent unprovoked seizures —
is associated with an increased risk of mortality
and, while there may be specific reasons why a
person with epilepsy may die (e.g. drowning as
a result of a seizure while swimming), there are a
number of unexpected deaths in epileptics each
year. Such deaths have been classified as Sudden
Unexpected Deaths in Epilepsy (SUDEP), defined
as a ‘sudden unexpected, witnessed or unwit-
nessed, non-traumatic and non-drowning death
in epilepsy, with or without evidence of a seizure,
and excluding documented status epilepticus,
where post-mortem examination does not reveal
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6 Unexpected and sudden death from natural causes

a toxicological or anatomic cause of death’. The
figures for SUDEP in Ireland are hard to obtain but
is has been estimated that the rate for SUDEP is
about 1:680 per year.

The mechanism of death in such cases is uncer-
tain, but may be related to a seizure-induced
arrhythmia, seizure-mediated inhibition of res-
piratory centres or a complication of anti-epilep-
tic treatment. Post-mortem findings in SUDEP are
non-specific (for example pulmonary oedema
and congestion) and the utility of the presence
of a tongue injury in diagnosing a seizure is
controversial.

Neuropathological examination of the brain
is important in order to exclude the presence of
a lesion capable of providing an explanation for
seizure activity, such as, for example, an old brain
injury or arteriovenous malformation, although
the presence of more subtle changes in the brain,
thought to represent evidence of seizure activity,
cannot be taken as evidence of seizure activity at
the time of death.
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sources
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B Introduction

The outcomes of disease and trauma are, in gen-
eral terms, the same in individuals of all ages,
but there are some special features of injuries to
infants and children that require specific consid-
eration. Some relate to the law, and some to medi-
cal and pathological factors. Newborns, infants,
toddlers, younger children and adolescents have
their own unique problems, such as stillbirth and
sudden infant death syndrome, which are different
from those of fully developed adults. They are also
dependent, vulnerable and may encounter abuse,
whether emotional, physical or sexual. This chap-
ter emphasizes the pathologically relevant issues
while Chapter 13 focuses more on the issues of the
living.

M Stillbirths

A significant number of pregnancies that continue
into the third trimester fail to deliver a live child
and result in a stillbirth. The definitions of a still-
birth vary from country to country, but the defini-
tion in Ireland is of a child who, at birth, weighs
less than 500 grammes or has a gestational age of

not less than 24 weeks and shows no sign of life.
These ‘signs of life’, in addition to respiration and
heartbeat, are taken to mean movement, crying
or pulsation of the umbilical cord. The register-
ing of stillbirths is in accordance with the Civil
Registration Act, 2004 section 2.1. Provision has
been made for the registration of stillbirths in
the State and also there is provision for record-
ing the father’s name on the certificate. A coroner
is required to notify the Registrar of Deaths if he
or she ascertains that a stillbirth has occurred in
his/her jurisdiction. No person other than an tArd-
Chléraitheoir (Registrar General) or his/her staff
may search the register of stillbirths.

If death occurs more than a couple of days
before birth, the fetus is commonly macerated
because of the effects of early decomposition
combined with exposure to fluid (Figure 7.1). The
infant is discoloured, usually a pinkish-brown or
red, with extensive desquamation of the skin; the
tissues have a soft, slimy translucence and there
may be partial collapse of the head with overrid-
ing of the skull plates. The appearance of the child
is quite different from that seen in an infant that
has died following a live birth and then begun to
putrefy. Because many, if not most, of these deaths
occur after the onset of labour and during the
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7 Deaths and injury in infancy

Figure 7.1 Maceration following intrauterine death. Note the
widespread skin slippage and the umbilical cord around the
neck.

process of birth itself, no evidence of maceration
will be present.

The causes of stillbirth are varied and may be
undeterminable, even after a full autopsy. Indeed,
it may be impossible to determine on the patho-
logical features alone if the death occurred before,
during or after birth. Recognized conditions lead-
ing to intrauterine or peri-mortem death include
prematurity, fetal hypoxia, placental insufficiency,
intrauterine infections (viral, bacterial or fungal),
congenital defects (especially in the cardiovascu-
lar or nervous system) and birth trauma.

B Infanticide

The term infanticide has a very specific meaning
in the many countries that have introduced legis-
lation designed to circumvent the criminal charge
of murder when a mother kills her child during its
first year of life. In Ireland, it is a statutory offence
with the same punishment as for manslaughter.
Section 1.3 of the Infanticide Act, 1949 states that:

A woman shall be guilty of felony, namely,
infanticide if (a) by any wilful act or omis-
sion she causes the death of her child, being
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a child under the age of twelve months, and
(b) the circumstances are such that, but for
this section, the act or omission would have
amounted to murder, and (c) at the time of the
act or omission the balance of her mind was
disturbed by reason of her not having fully
recovered from the effect of giving birth to
the child or by reason of the effect of lactation
consequent upon the birth of the child... and
may for that offence be tried and punished as
for manslaughter.

Because manslaughter is a less serious charge
than murder and does not result in the mandatory
penalty of life imprisonment that is attached to
murder, a verdict of infanticide allows the court
to make an appropriate sentence for the mother,
which is more likely to be probation and psychi-
atric supervision than custody. The Infanticide
Act indicates that the law recognizes the special
nature of infanticide.

In Ireland, there is a presumption that all
deceased babies are stillborn and so the onus is
on the prosecution, and hence the pathologist, to
prove that the child was born alive and had a sepa-
rate existence.In order to do this, it must be shown
that the infant breathed or showed other signs of
life, such as movement or pulsation of the umbili-
cal cord, after having been completely expelled
from the mother.

In the absence of eyewitness accounts, patholo-
gists can make no comment about the viability or
otherwise of a baby at the moment of complete
expulsion from the mother; one way that they may
be able to comment on the possibility of separate
existence is if they can establish that the child had
breathed. However, establishing that breathing
had taken place is still not absolute evidence of a
‘separate existence’,as a baby in a vertex delivery
can breathe after the head and thorax have been
delivered but before delivery of the lower body.

The ‘flotation test’, which used to be the defini-
tive test for breathing, and hence separate exist-
ence, and which was depended upon for many
centuries, is now considered to be unreliable,
although it still appears in some textbooks. All that
can be said with regard to flotation of the lungs is
that if a lung or piece of lung sinks in water, the
baby had not breathed sufficiently to expand that
lung and so the child may have been stillborn.
The converse is definitely not true, as the lungs



(b)

Figure 7.2 (a) Thoracic organs from a stillbirth. The lungs

are firm and heavy with no crepitation when squeezed.

(b) Microscopy of lungs from stillbirths showing partial
expansion of terminal air spaces as a consequence of hypoxia-
induced inspiratory efforts. Note also meconium aspiration.

of babies who are proven to have been stillborn
sometimes float. This test is useless in differenti-
ating between live-born and stillborn infants and
should no longer be used (Figure 7.2).

To complicate matters further, many dead new-
born babies are hidden shortly after birth and
may not be discovered until decomposition has
begun, which precludes any reliable assessment
of the state of expansion of the lungs. Even with
fresh bodies, the problems are immense and any
attempt at mouth-to-mouth resuscitation or even
chest compression will prevent any reliable opin-
ion being given on the possibility of spontaneous
breathing.

Conversely, if there is milk in the stomach or
if the umbilical cord remnant is shrivelled or

Figure 7.3 Newborn infant disposal with decompositional/
putrefactive skin changes.

shows an inflammatory ring of impending sepa-
ration, the child must have lived for some time
after birth.

Establishing the identity of the infant and the
identity of the mother is often a matter of great dif-
ficulty, as these babies are often found hidden or
abandoned (Figure 7.3). When the baby is found
in the home, there is seldom any dispute about
who the mother is. DNA may be used to confirm
identity and parentage.

In those cases where the mother is traced, fur-
ther legal action depends on whether the patholo-
gist can definitely decide if the baby was born
alive or was stillborn. If live-born, no charge of
infanticide can be brought in Irish law unless
a wilful act or omission can be proved to have
caused the death. Omission means the deliberate
failure to provide the normal care at birth, such as
tying and cutting the cord, clearing the air pas-
sages of mucus and keeping the baby warm and
fed. The wilful or deliberate withholding of these
acts, as opposed to simple ignorance and inex-
perience, is hard to prove. Acts of commission
are more straightforward for the doctor to dem-
onstrate as they may include a range of trauma,
including head injuries, stabbing, drowning and
strangulation.

The maturity of the infant is rarely an issue
as most infants found dead after birth are at or
near full term of 38-40 weeks although medical
advances have allowed fetuses of only 20 weeks
or less gestation to survive in specialist neona-
tal units. In infanticide, the maturity is not legally
material as it is the deliberate killing of any baby
(who has achieved independent existence from
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7 Deaths and injury in infancy

the mother and who is under 12 months) and this
does not depend directly upon the gestational age.

B The estimation of
maturity of a newborn
baby or fetus

Legal requirements may need an estimation of
gestational age of the body of a baby or fetus in
relation to an abortion, stillbirth or alleged infanti-
cide. The following are considered ‘rule of thumb’
formulae for estimating maturity (and should be
considered to provide very rough estimates):

1 Up to the twentieth week, the length of the
fetus in centimetres is the square of the age in
months (Haase’s Rule — Carl Friedrich Haase
was a German obstetrician, 1788-1865);

2 After the twentieth week, the length of the
fetus in centimetres equals five times the age
in months.

There is considerable variation in any of the meas-
ured parameters owing to sex, race, nutrition and
individual variation, but it is considered possible
to form a reasonable estimate of the maturity of a
fetus by using the brief notes in Box 7.1.

Development can also be assessed using the
femur length, ossification centres and the histo-
logical appearances of the major organs. It may
be necessary to seek expert advice, from radiolo-
gists and forensic anthropologists, when deter-
mining gestational age.

Box 7.1 Estimation of fetal maturity

® 4 weeks —1.25 cm, showing limb buds, enveloped in villous chorion

o 12 weeks — 9 cm long, nails formed on digits, placenta well formed
lanugo all over body

o 20 weeks — 18-25 cm, weight 350-450 g, hair on head

24 weeks — 30 cm crown—heel, vernix on skin

® 28 weeks — 35 cm crown-heel, 25 cm crown—rump, weight 900—
1400 ¢

® 32 weeks — 40 cm crown-heel, weight 1500-2000 g

36 weeks — 45 cm crown-heel, weight 2200 g

® 40 weeks (full term) — 48-52 cm crown—heel, 28—-32 cm crown —
rump, 33—-38 cm head circumference, lanugo now absent or present
only over shoulders, head hair up to 2—3 cm long, testes palpable in
scrotum/vulval labia close the vaginal opening, dark meconium in large
intestine
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B Sudden infant
death syndrome

The incidence of sudden infant death syndrome
(SIDS) is also known as ‘cot death’ or ‘crib death’.
In Ireland, SIDS is the leading cause of death in
babies ages four weeks to one year, accounting
for four in every ten babies who die. At 3.2 per
1000 livebirths, Ireland’s Infant Mortality Rate is
one of the lowest worldwide, along with the Nordic
countries, and Japan and is lower than the EU aver-
age of 4.3 per 1000 livebirths. This decline has
coincided with social and housing improvements
as well as a worldwide ‘Back to Sleep’ campaign
in the early 1990s, which encouraged mothers to
place babies on their back to sleep rather than
face down or on their side. Publicity campaigns
have also advised mothers to refrain from smok-
ing during pregnancy or near to their babies
after birth and to avoid overheating babies by
wrapping them up too closely. However, despite
this significant decline, SIDS still forms the most
common cause of death in the post-perinatal
period in countries with a relatively low infant
mortality rate.

SIDS has been defined as ‘the sudden unex-
pected death of an infant <1 year of age, with onset
of the fatal episode apparently occurring during
sleep, that remains unexplained after a thorough
investigation, including the performance of a com-
plete autopsy and a review of the circumstances of
death and the clinical history’. The following are
the main features of the syndrome.

B Most deaths take place between 1 month and
6 months, with a peak at 2 months.

B There is little sex difference, although there is
a slight preponderance of males similar to that
seen in many types of death.

B The incidence is markedly greater in multi-
ple births, whether identical or not. This can
be partly explained by the greater incidence
of premature and low birth-weight infants in
multiple births.

B There is a marked seasonal variation in tem-
perate zones: SIDS is far more common in the
colder and wetter months, in both the north-
ern and southern hemispheres.

B There are apparent social, racial and ethnic
differences, but these are explained by fun-
damental underlying socio-economic factors,



which show that there is a higher incidence in
any disadvantaged families such as those with
poor housing, lower occupational status, one-
parent families, etc. However, no class, race
or creed is exempt from these devastating
deaths.

The essence of SIDS is that the deaths are unex-
pected and autopsy reveals no adequate cause of
death. The history is usually typical: a perfectly
well child — or one with trivial symptoms - is put
in the sleeping place at night only to be found
dead in the morning. At autopsy, nothing specific
is found in the true SIDS death, although in about
70 percent of cases the autopsy reveals intratho-
racic petechiae on the pleura, epicardium and
thymus, which formerly gave rise to the misap-
prehension that SIDS was caused by mechanical
suffocation. These are now believed to be agonal
phenomena and not a cause of death (Figure 7.4).

The true aetiology of SIDS is unknown, but it is
likely that there are many different causes, often
multifactorial, which act via a final common path-
way of cardiorespiratory failure. Theories about
possible ‘causes’ of SIDS abound and include
allergy to cow’s milk or house-mites, botulism,
prolonged sleep apnoea, spinal haemorrhages,

Figure 7.4 Petechiae on the surface of the thymus and right
lung in a sudden infant death.

deficiencies of liver enzymes, selenium or
vitamin E, various metabolic defects, vaccina-
tions, hyperthermia, hypothermia, carbon mon-
oxide or dioxide poisoning, viral bronchiolitis,
muscle hypotonia, abnormal development of key
cardiorespiratory control areas in the brainstem
and many others. As yet, none of these has been
substantiated.

One persistent claim is for a possible role of
deliberate mechanical suffocation by the wilful
action of a parent. Speculation that up to 10 percent
of SIDS is caused in this way is difficult to refute
but has never been substantiated by confessions,
statistics or research.

As with sudden unexplained death in the adult,
it is likely that causes not detectable by macro-
scopic or microscopic means, but by molecular
biological techniques, may be found to be rel-
evant in at least some cases.

Any healthcare professional must certainly be
vigilant in any infant death, but the dangers of
reinforcing the inevitable guilt in the great major-
ity of innocent parents must be weighed against
the chance of detecting a deliberate suffocation.
The main concern in the management of SIDS is
to support the family by explanations and to make
sure that the counselling services established in
many developed countries are made available to
the parents.

B Child abuse

Child abuse is a major social problem, which
involves many medical specialties including
paediatricians, general practitioners, psychia-
trists and forensic practitioners. Child abuse is a
generic term that includes all forms of physical
and emotional ill treatment, sexual abuse, neglect
and exploitation that results in actual or potential
harm to the child’s health, development or dignity.
See also Chapter 13.

Child physical abuse/
non-accidental injury

The syndrome of physical abuse was recognized
in the middle of the twentieth century in which
limb fractures and subdural haemorrhages were
described in infants. Subsequently, this com-
bination of injuries was shown to result from
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ill treatment by the carers. In fact, Caffey and his
co-workers had only rediscovered a syndrome, as
similar features had been described by Tardieu in
Paris during the middle of the nineteenth century.

Epidemiology

The physically abused child can be of either sex
and of any age. Fatalities are more common in
children under the age of 2 years and the most
common mode of death is head injury. Sexually
abused children tend to be slightly older, although
this may reflect the problems in perceiving and
reporting sexual abuse in very young children.
The upper age limit is very difficult to define:
physical abuse is more likely to stop at a younger
age, whereas sexual abuse commonly continues
into the teens and even older.

Injuries in the deceased
Bruising

The features of bruises that are important can be
summed up as site, age and multiplicity. Bruising
of the arms and legs, especially around the upper
arms, forearms, wrists, ankles and knees, may be
evidence of gripping by an adult. Bruises on the
face, ears, lips, neck, lateral thorax, anterior abdo-
men, buttocks and thighs require an explanation,
as these sites are less likely to be injured in child-
hood falls (Figures 7.5 and 7.6). The following are
suggestive of abuse: bruises over soft tissue areas
in nonmobile infants, bruises that carry an imprint
of an implement and multiple bruises of uniform
shape.

The explanation given by the carers of how all
of the injuries present on the child were caused
must be noted with great care for two reasons:
first, so that the doctor understands exactly what
happened, allowing for a good interpretation of
the injuries; and second, so that any changes in
the explanation given by the carers over time or
to different individuals can be compared.

Skeletal injury

Fractures have been associated with physical
child abuse for a considerable time, but it has
only been relatively recently that an attempt has
been made to study the pattern of skeletal injury
in abuse in a more critical manner.
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Figure 7.5 Multiple “fingertip’ bruises on the front of the trunk
in an abused infant.

4
'

Figure 7.6 Ear bruising in an infant raises the possibility of
non-accidental injury. Radiology revealed multiple rib fractures.



The investigation of all cases of suspected child
abuse under the age of 2 years requires a detailed
whole-body radiological survey, performed to
a standard protocol (for example that set out by
the British Society of Paediatric Radiology) and
reported by a paediatric radiologist.

Healing fractures (representing previous trau-
matic episodes) can be visualized by radiological
means although histological assessment post-
mortem is more precise.

Rib fractures are rarely accidental in children.
They may occasionally be associated with birth
trauma, but in general they are a feature of the
application of substantial force. One particular
pattern that may be seen on X-ray or at autopsy
comprises areas of callus on the posterior ribs,
often lying in a line adjacent to the vertebrae,
and giving a ‘string-of-beads’ appearance. This
pattern is interpreted as indicating an episode
or episodes of forceful squeezing of the chest by
adult hands. The possibility that such posterior
rib fractures can be caused by cardiopulmonary
resuscitation is thought unlikely on biomechani-
cal grounds, as such fractures occur as a result of
anterior-posterior compression during ‘squeez-
ing’ of the chest. Anterolateral rib fractures as a
consequence of cardiopulmonary resuscitation
are rare (Figure 7.7).

A skull fracture is a marker of significant trauma
to the head, and skull fractures are common in fatal
cases of physical child abuse, but they are not nec-
essarily accompanied by brain damage. Abusive
skull fractures are more likely to be multiple, bilat-
eral or cross sutures. Less often, fractures of the
occipital or frontal bones are present and basal
fractures are uncommon (Figures 7.8 and 7.9).

Research demonstrated that skull fractures
in dead children ‘dropped’ from a height can
be caused by passive falls from only 80 cm onto
carpeted floors. For comparison, the seat of a
‘standard’ settee or chair is about 40 cm from
the floor, the mattress of a ‘standard’ bed about
60 cm from the floor, and a ‘standard’ table-top
is about 70 cm from the floor. These figures
would suggest that, unless the furniture was unu-
sually high, or some other factors have to be
considered, falls from furniture onto the floor
are unlikely to be the cause of a skull fracture
in a child. The ability for ‘short-fall’ events to
result in subsequently fatal head injury remains
controversial.

Figure 7.7 Rib fractures in infancy. (a) X-ray of ribs and part of
the thoracic spine removed at autopsy. Note the right-sided
posterior rib fractures showing evidence of healing (callus
formation). Non-accidental injury should be suspected in such
cases, and thoroughly investigated by a multi-disciplinary
team. (b) A posterior rib fracture, with callus, following post-
mortem removal and fixation. Microscopy of fractures assists
in their ‘ageing’.

Head injuries

Head injuries are the most frequent cause of death
in child abuse and, even when they are non-fatal,
they may result in severe and permanent neuro-
logical disability.

There is continued controversy in the clinical,
pathological and legal communities regarding the
ability of ‘shaking’, in the absence of blunt force
impact to the head, to cause fatal head/neck injury
in an infant, and to cause the ‘triad’ of the so-called
‘shaken baby syndrome’ (i.e. encephalopathy,
subdural haemorrhage and retinal haemorrhage).
This is an area of intense research and dispute and,
while the concept of the ‘shaken baby syndrome
triad’ was discussed by the European Court of
Human Rights in Seckerson v United Kingdom, the
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Figure 7.8 Multiple skull fractures following blunt force impacts
against the floor.

Figure 7.9 Depressed skull fracture. Not all infant skull
fractures are non-accidental in origin; instrumentation and
manual dis-impaction from the birth canal led to this fracture.
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existence of that triad does not automatically and
necessarily lead to a diagnosis of non-accidental
head injury - all of the circumstances of an indi-
vidual case must be evaluated before excluding
potential explanations other than abuse.

Whether from direct blows or from ‘shaking’, it
is clear that if sufficient force is applied to the head
of a child, the ultimate effects are brain injury and
that injury carries with it a substantial risk of dis-
ability or death.

Ocular injuries

The significance of ocular lesions — such as retinal
haemorrhages, retinoschisis and orbital content
haemorrhage - is a further area of controversy in
the medical and scientific community. All children
suspected of being physically abused should have
their eyes examined by an ophthalmologist, and
the eyes should be examined as an integral com-
ponent of the post-mortem examination following
the death of a child suspected of being abused.
The interpretation of the significance of such
lesions remains controversial, but it is essential
that a multi-professional team review all aspects
of findings in the context of the known facts of the
case and of the current state of the medical evi-
dence base. (Figure 7.10).

Oral injuries

The lips may be bruised or abraded by blows to
the face and, if the child is old enough to have
teeth, the inner side of the lips may be bruised or
lacerated by contact with the tooth edges. A lesion
frequently seen in physical child abuse is a torn
frenulum inside the lip; this can be damaged
either by a tangential blow across the mouth or
by an object, sometimes a feeding bottle, being
rammed forcibly into the mouth between lip and
gum (Figure 7.11). Current review of available
data does not support the diagnosis of abuse sim-
ply based on a torn labial frenulum in isolation.
The intraoral hard and soft tissue should be exam-
ined in all suspected abuse cases, and a dental
opinion sought where abnormalities are found.

Visceral injuries

Visceral injuries are the second most frequent
cause of death and it is the organs of the abdo-
men - the intestine, mesentery and liver — that are



Figure 7.10 Retinal haemorrhages (a) macroscopic post-mortem appearance and (b) microscopy showing widespread
haemorrhage within multiple layers of the retina. () Vitreous body; (i) retinal pigment epithelium.

Figure 7.11 Bruising and laceration of the upper oral frenulum.

most commonly injured. The anterior abdominal
wall of a child offers little or no protection against
direct trauma from fist or foot, and blows from the
front can trap the duodenum, the jejunum or the
mesentery between the compressed abdominal
wall and the anvil of the lumbar spine. This com-
pression crushes the tissues and may even result
in transection of the bowel, with the obvious con-
sequences of peritonitis and shock (Figure 7.12).
Crushing or rupturing of the mesentery may lead
to bruising or to frank intraperitoneal bleeding.
The liver is relatively large in a child and pro-
trudes below the rib cage, and it can be ruptured
by direct blows to the abdomen. However, the
spleen is rarely damaged in physical child abuse
because of its relatively sheltered position.

Figure 7.12 Non-accidental, blunt force, intra-abdominal
visceral injury (same infant as in Figure 7.5). Note the liver
laceration leading to intra-abdominal haemorrhage.
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Other injuries

Other injuries in physical child abuse include
burns and bites. Burns can be caused in many
ways: from the application of heated metal objects
or cigarettes to the hands, legs, buttocks or torso
or to scalding due to immersion in hot water or
from splashing from hot water that is thrown (see
Chapter 17, p. 197). Cigarette burns have a typi-
cal appearance: they are commonly circular and,
when fresh, are pink or red in colour and have
an excavated appearance; ash may be see at
the base of the burn crater. When healing, they
tend to be silvery in the centre with a narrow red
rim. A single scar left by a cigarette burn is non-
specific, but multiple round scars on the body in
association with a history of these burns can be
diagnostic.

Bites also occur in child abuse and they are
commonly multiple. They must be differentiated
from bites from siblings, other children or even
domestic pets. Swabs from a fresh bite should be
taken as soon as possible, as they may recover
saliva, which can be subjected to DNA analysis.
The advice of a forensic odontologist, should also
be sought as soon as possible, as the shape of the
bite can be matched (by measurement, photogra-
phy or latex casts) to the dentition of a suspected
assailant.

Genuine accidents to children are far more fre-
quent than acts of child physical abuse. However, it
can be extremely difficult to distinguish between
them. Any doctor who examines children must
always bear in mind the possibility of physical
child abuse, and although it is vital that innocent
parents are not unjustly accused of ill-treating
their children, it is equally important that abuse
is recognized, as the next time the child or a sib-
ling, presents for treatment may be when they are
fatally injured or dead.

Child sexual abuse

The problem of the sexual abuse and exploita-
tion of children is global and thousands of chil-
dren are sexually abused every day around the
world. Sexual abuse has come to prominence
more recently than physical abuse, although sex-
ual contact between adults and children has been
recorded in many situations and many countries
for centuries. The modern definition of child sex-
ual abuse may be expressed as ‘the involvement of
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dependent, developmentally immature children
and adolescents in sexual activities they do not
truly comprehend, to which they are unable to
give informed consent or which violate social
taboos or family roles’.

The diagnosis and management of child sexual
abuse are multidisciplinary, involving not only
doctors but also social agencies and sometimes
law enforcement agencies. In Ireland the Health
Service Executive is responsible for Children First
which gives national guidance for the protection
and welfare of children. Children First defines sex-
ual abuse of a child as:

Sexual abuse occurs when a child is used by
another person for his or her gratification or sex-
ual arousal, or for that of others. Examples of child
sexual abuse include:

1 exposure of the sexual organs or any sexual
act intentionally performed in the presence of
the child;

2 intentional touching or molesting of the
body of a child whether by a person or
object for the purpose of sexual arousal or
gratification;

3 masturbation in the presence of the child
or the involvement of the child in an act of
masturbation,;

4 sexual intercourse with the child, whether
oral, vaginal or anal;

5 sexual exploitation of a child, which includes
inciting, encouraging, propositioning,
requiring or permitting a child to solicit for,
or to engage in, prostitution or other sexual
acts. Sexual exploitation also occurs when
a child is involved in the exhibition, mod-
elling or posing for the purpose of sexual
arousal, gratification or sexual act, includ-
ing its recording (on film, video tape or other
media) or the manipulation, for those pur-
poses, of the image by computer or other
means. It may also include showing sexually
explicit material to children, which is often a
feature of the ‘grooming’ process by perpe-
trators of abuse;

6 consensual sexual activity involving an adult
and an underage person. In relation to child
sexual abuse, it should be noted that, for
the purposes of the criminal law, the age of
consent to sexual intercourse is 17 years for
both boys and girls. Under the Criminal Law



(Sex Offences) Act, 2006 as amended by the

CriminalLaw (Sexual Offences) (Amendment)

Act, 2007, it is a criminal offence to engage or

attempt to engage in a sexual act with a child

under 17 years. The maximum sentence is

five years, ten years if the accused is a per-

son in authority. A ‘person in authority’ is

defined as:

* A parent, step-parent, guardian, grandpar-
ent, uncle or aunt of the victim, or

* any person acting in loco parentis (in place
of parent or parents) to the victim, or

* any person responsible for the education,
supervision or welfare of the victim.

InIreland, there is no specific offence in law of child
sex abuse. A person may be charged with rape,
sexual assault, aggravated sexual assault or with
one of the specific offences relating to children.
The Criminal Law (Sexual Offences) Act 2006 also
makes it a criminal offence to engage or attempt
to engage in a sexual act with a child (defilement)
under the age of 15 years. The maximum sentence
for this offence is life imprisonment. The 2006 Act
states that the accused may argue that they hon-
estly believed the child was aged 15 years or over.
The court must then consider whether or not that
belief was reasonable but it is not a defence to
show that the child consented to the sexual act.
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B Introduction

One of the most important aspects of forensic
medicine — both clinical and pathological - is the
assessment, classification and documentation of
injury. Any healthcare professional should be able
to appropriately document injury in a way that can
be understood and interpreted by others. Most
non-forensic healthcare professionals will not be
trained in the interpretation of injuries and wound
causation, but accurate documentation can greatly
assist the legal process at a later stage.

Offences against individuals of a physical
nature that may result in criminal prosecutions
have a great variety of types and origins, not all
of which may cause visible evidence (e.g. poison-
ing, infection). The role of the forensic pathologist
and forensic physician is to ensure that the medi-
cal relevance of findings, or lack of them, is under-
stood by the investigating authority.

B Terminology of injury

Words to describe injury or harm are used non-
specifically by lay persons and non-forensic
healthcare professionals. In a legal setting the
use of the word may have a specific meaning that

of Injury

can influence the nature of the charge and the
penalties related to an offence.

Perhaps the most frequent error is the use of
the word ‘laceration’ used in the context of a cut
to the skin. In the forensic setting — as discussed
below - a laceration is a split or tear in the skin
caused by blunt impact. If the word laceration is
used wrongly to described a cut caused by a knife
(an incised wound) this may have implications
with regard to the credibility of the witnesses.

Every jurisdiction will have its own legal classi-
fication of injury or wounding, and again the use of
such terms may have specific relevance. Forensic
practitioners must be familiar with such classifica-
tions in order to assist the courts in determining
the seriousness of an injury.

Most harm or injury can be embraced by one
of the following broad groups, using terms used
within the Irish jurisdiction:

Those with a fatal outcome

Murder

Manslaughter

Those without a fatal outcome

Assault

where a person, directly or indirectly, applies
force to or causes an impact on the body of
another, or
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B causes another to believe such an assault is
likely to take place

Assault causing harm

Assault with intent to cause bodily harm
Causing serious harm

Threatening to kill or cause serious harm
Injuring or threatening a person with a syringe
Poisoning

Endangerment

Endangering traffic

False imprisonment and/or Abduction of child
Coercion

Harassment

Sexual offences (see Chapter 12)

Penetrative

Non-penetrative (both with or without extra
genital injury).

B Law of injury

In Ireland, there is no specific law dealing with
‘injury’, per se, instead we have the concept of
trespass to the person. This concept is the tort
of unlawful direct interference with another. Tort
means a civil wrong arising from an act (or failure
to act), independently of any contract, for which
an action for personal injury or property damages
may be brought. The principal torts are trespass,
nuisance, defamation and negligence, including
medical negligence.

The Criminal Justice (Public Order) Act, 1994,
section 18, deals with the intent to cause bodily
harm but the main act in relation to injury or harm
is the Non-Fatal Offences Against the Person Act,
1997. The 1997 Act sets out the range of offences
(such as those listed above) for which a person
can be prosecuted when that individual is alleged
to have caused harm or injury to another.The High
Court has stated that the 1997 Act deals with acts
that are not only non-fatal but that they must also
be non-sexual.

B Types of injury

Injury caused by the application of physical force
can be divided into two main groups: blunt force
and sharp force. There are a number of other
types of injury caused by non-physical forces,
which can be thermal, chemical, electrical or
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electromagnetic which are referred to in other
chapters.

Blunt-force injury

Blunt-force trauma is that trauma not caused by
instruments, objects or implements with cutting
edges.The nature of the force applied may include
blows (impacts), traction, torsion and oblique or
shearing forces. Blunt force trauma may have a
number of outcomes:

B no injury

B tenderness

B pain

B reddening (erythema; Figure 8.1)
B swelling (oedema; Figure 8.2)

B bruising (contusion; Figure 8.3)
B abrasions (grazes; Figure 8.4)

B lacerations (Figure 8.5)

B fractures (Figure 8.6).

Blunt impact injuries can be described (in terms
of force applied) as being weak (for example a
‘gentle’ slap on the face), weak/moderate, moder-
ate, moderate/severe or severe (for example a full
punch as hard as possible). The more forceful the

Figure 8.1 Reddening (erythema) related to blunt impact at
outer aspect of left eye.



Figure 8.2 Marked swelling (oedema) following multiple
punches to left side of face.

impact the more likely that visible marks will be
evident.

Tenderness is pain or discomfort experienced
on palpation by another of an area of injury. Both
pain and tenderness are subjective findings and
are thus dependent on (1) the pain threshold of
the individual and (2) their truthfulness. The other
features of blunt-force injury are visible effects of
contact. Reddening describes increased blood
flow to areas that have been subject to trauma, but
not to the extent that the underlying blood vessels
are disrupted. Reddening must be distinguished
from red bruises by its ability to blanch from fin-
ger pressure.

Bruises

Bruises are discoloration of skin surface caused
by leakage of blood into underlying tissues from
damaged blood vessels.

Two events must occur before a bruise can
form: damage to a blood vessel (usually small-
calibre blood vessels such as veins and arterioles)
from which blood leaks, and the leakage of that
blood into surrounding tissues. Bruising is most
commonly seen in the skin, but it can also occur in
the deeper tissues, including muscle and internal
organs. The extent of damage to the blood vessels
is generally proportionate to the force applied:
the greater the force, the more blood vessels are

(c)

Figure 8.3 Bruising (contusion) to thigh (a) following direct
blunt force impact (fall between iron girders). (b) Shows
resolution of bruising 5 days after injury as seen in 8.3(a).

(c) Bruising to leg from multiple blunt impacts with a piece of
wood.

damaged, the greater the leakage of blood and
the bigger the bruise.

Once outside the confines of the blood vessel,
blood is broken down, resulting in the various col-
our changes seen. Eventually, all of the blood is
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Figure 8.4 (a) Variable depth abrasions (grazes) caused by
impact against concrete surface. (b) Linear abrasions caused
by fingernail scratching on torso.

Figure 8.5 Laceration, with irregular edges, maceration
and skin bridging caused by direct impact to forehead with
wooden pole.

removed and the overlying skin returns to its
normal colour.

Bruises are one of the areas where a number of
terms have been used in the past, which compli-
cate the understanding of their nature. The term

94

Figure 8.6 Hand with abrasions, swelling, reddening and
underlying fracture of 5th metacarpal caused by repeated
punching of cell door.

‘ecchymosis’ has been used for specific types of
bruise but should not now be used as it does not
assist in understanding the type or mechanism of
injury. Bruising is best used to describe visible
external marks caused by leakage of blood into
skin and subcutaneous tissues, while contusion
can be used for leakage of blood into tissues in
body cavities. The term ‘haematoma’ can be used
to refer to a palpable collection of blood under
the skin (and one which, if a needle aspiration
were to be undertaken, would show liquid blood
in a cavity). ‘Petechiae’ are small bruises, often
described as ‘pin-point haemorrhages’, that have
been said to be < 2 mm in size. However, that is
an arbitrary figure and, like all bruises, pete-
chiae can develop and evolve and coalesce, and
the use of a rigid size measurement is inappro-
priate (Figure 8.7).

Direct blunt force, in addition to unambiguous
impacts such as strikes with fists, kicks or weapons,
also includes mechanisms such as poking, squeez-
ing and gripping. Indirect blunt force may be rep-
resented by suction (as in ‘love bites’; Figure 8.8) or
following compression. Compression may produce
petechiae at the level of or above the compress-
ing force (e.g. in ligature strangulation). Bruises
evolve and can ‘migrate’. Gravity and tissue planes
are two of the factors that may determine how the



(b)

Figure 8.7 (a) Close-up of face after manual strangulation

2 hours after compression with multiple petechial bruising
over facial skin. (b) Scleral blood, caused by coalescence of
multiple petechiae, 36 hours after manual strangulation.

appearance of a bruise might change (Figure 8.9).
Thus the presence of a bruise at a particular site
does not necessarily imply that the blunt impact
was applied at that site. Some very superficial
bruises (often called intradermal bruises), caused
by leakage of blood confined to the epidermis and
the upper strata of the dermis, can remain in the
position in which the impact occurred, and ‘pat-
terned’ bruises, which reproduce the nature of the
object that caused them, often have such an ‘intra-
dermal’ element. Intradermal bruises are often
associated with diffuse compression forces such

Figure 8.8 Classical love or ‘hickey’ bite — bruising to neck
caused by suction.

as pressure from a car tyre or from a shoe during a
stamp or a kick (Figure 8.10).

Certain types of blunt injury commonly cause
evidentially useful patterns. Single patterned
bruises may indicate the nature of the impacting
object. ‘Tramline’ bruises (Figure 8.11) are those
caused by impacts from longitudinal, generally
cylindrical or rod-like, objects (where blood is
forced laterally from the point of impact, rupturing
blood vessels either side of the impacting object)
and footprint imprint bruises may be seen from
stamp injuries (Figure 8.12).

Patterns of a number of bruises may also help
corroborate the nature of the causative force.
For example a row of four 1-2 cm oval or round
bruises may be caused by the impact of knuckles
in a punch; groups of small oval or round bruises
are also indicative of fingertip pressure, as in
gripping, and there is sometimes a single, larger,
thumb bruise on the opposite side of the limb
(Figure 8.13). Fingertip bruises on the neck or
along the jaw line are commonly seen in manual
strangulation.

Examination of injuries must be undertaken
in good light and, in the case of bruises, such is
required in order to ensure that small or subtle
skin colour changes are not missed. Even with
darker skin tones, a proper examination will be
able to identify areas of bruising.

Age estimation based on the colour of bruis-
ing is not now considered appropriate, with one
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Figure 8.9 Extensive bruising following tissue planes and
contours, one week after multiple blunt force impacts to
(a) head and (b) face (neck was spared impacts).

exception — a yellow-coloured bruise may be
more than 18 hours old. The colouring must not
be taken from photographic images where colour
reproduction may be inaccurate and it must also
be understood that the perception of yellow col-
our may be influenced by the visual capability of
the viewer, interobserver variation and underly-
ing skin tone. Studies in children suggest that esti-
mation of ageing of bruising cannot be achieved
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(c)

Figure 8.10 (a) Patterned bruise — intradermal bruising caused
by stamping on back with textured clothing intervening.

(b) Patterned bruise caused by impact of dog chain.

(c) Patterned bruise (bruise obliquely towards midline) caused
by impact of 2 x 2 length of wood.



Figure 8.11 Tramline bruise caused by impact from cylindrical
firm object (in this case, a police baton).

Figure 8.12 Shoeprint patterned bruise following stamping
injury to face.

Figure 8.13 Grip marks from fingers on assailant bruises from
grip and abrasions from fingernails seen on upper inner arm.

by colour interpretation, and this principle gener-
ally applies to adults also.

Bruising can occur after death: blood vessels
are just as easily damaged by the application
of force and, provided that there is blood with
some pressure within those vessels, bruising
can occur. Such pressure may exist at the lower-
most vessels because of the static weight of the
column of blood. Post-mortem bruises are gen-
erally small and lie on the dependent parts of
the body. Bruising may also be found in areas of
post-mortem dissection and care must be taken
in interpreting ‘new’ bruises when an autopsy
has been performed.

Abrasions

An abrasion or graze is a superficial injury involv-
ing (generally) outer layers of skin without pen-
etration of the full thickness of the epidermis. They
are caused when there is contact between a rough
surface and the skin, often involving a tangential
‘shearing’ force (Figure 8.14). They can also be
caused by crushing of the skin when the force is
applied vertically down onto the skin. Bite marks
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Figure 8.14 Abrasion to right face and cheek caused by kick
from shod foot. Linearity of abrasion assists in determining
direction of movement.

Figure 8.15 Ligature mark with parchmented abrasion in
posterior part of neck.

and the grooved, and often parchmented, abra-
sion found in hanging, can cause typical ‘crush’
abrasions (Figure 8.15).

The appearance of abrasions will allow a deter-
mination of the exact point of contact and may
assist in determining the direction of the impact.
Specific types of abrasions include scratches
(linear abrasions, e.g. caused by fingernails;
Figure 8.16), scuff (brush) abrasions (very super-
ficial abrasions, Figure 8.17) and point or gouge
abrasions (deeper linear abrasions caused by
objects such as metal nails; Figure 8.18).
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(b)

Figure 8.16 (a) Multiple fingernail scratches with wheal
reaction and superficial abrasions. (b) Deeper abrasions
caused by fingernails.

As the epidermis does not contain blood ves-
sels, superficial abrasions might not bleed, but the
folded nature of the junction between the dermis
and the epidermis, and the presence of loops of
blood vessels in the dermal folds, will mean that
deep abrasions have a typical punctate or spotty
appearance. Deeper abrasions may therefore
bleed, resulting in subsequent scabbing and pos-
sible scarring.



Figure 8.17 Close-up showing tags of elevated skin in scuff
abrasions.

Figure 8.18 Deep linear point or gouge abrasions to forehead.

The size, shape and type of abrasion depends
upon the nature of the surface of the object which
contacts the skin, its shape and the angle at which
contact is made. Contact with the squared cor-
ner of an object (e.g. a brick) may well result in
a linear abrasion, whereas contact with a side of
the same object will cause a larger area of ‘brush’
abrasion.

Contact with a rough surface, such as a road,
especially when associated with the higher lev-
els of force found in traffic accidents, will result
in areas of ‘gravel rash’, sometimes called ‘brush’
abrasions (Figure 8.19).

Tangential contact with a relatively smooth sur-
face may well result in such fine, closely associ-
ated, linear abrasions that the skin may simply
appear reddened and roughened. This may be
termed a ‘friction burn’; close inspection will
reveal the true nature of the wound.

Figure 8.20 Directional scuff — note raised skin layers on left side
of abrasion: arrow indicates direction of abrasive movement.

The direction of the causative force can be
identified by close inspection of the injury (mag-
nification of a high-resolution digital image can be
useful when changes are subtle) and identifying
caused by contact with road surface after motor-
cycle accident. The torn fragments of the epider-
mis which are pushed towards the furthest (distal)
end of the abrasion (Figure 8.20).

Crush abrasions — often associated with ‘intra-
dermal’ bruising —are important because they may
retain the pattern of the causative object. Diagrams
and sketches can be extremely useful and scaled
photographs should be taken in order to allow
subsequent comparison to be made between the
injury and a ‘suspect injury-causing implement of
surface’. Many different objects have been identi-
fied in this way, such as car radiator grills, the tread
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of escalator steps, plaited whips and the lines from
floor tiles.

Lacerations

Lacerations appear as ‘cuts, splits or tears’ in
the skin and are the result of a blunt force com-
pressing or stretching the skin; they may extend
through the full thickness of the skin and can
bleed profusely. Because the skin is composed
of many different tissue types, some of the more
resilient tissues will not be damaged by the forces
that split the weaker tissues. Those most resilient
tissues are often nerves, fibrous bands of fascial
planes and, sometimes, at the base of the lacera-
tion, an occasional medium-sized elastic blood
vessel. These structures are seen to extend across
the defect in the skin and are often referred to as
‘bridging fibres’. The same blunt force causing
such a laceration may also cause irregular splits,
bruising and abrasion at the margins of the wound
(Figure 8.21).

Lacerations are most common where the skin
can be compressed between the applied force

Figure 8.21 Laceration to ear following impact with baseball
bat — note irregularity of laceration and associated swelling
bruising masked by dry blood.
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and underlying bone (i.e. over the scalp, face,
elbows, knees, shins, etc.). They are rare (unless
severe force has been applied) over the soft, fleshy
areas of the body such as the buttocks, breasts and
abdomen.

When significant tangential blunt force is
applied to the skin, for example owing to the
rolling or grinding action of a vehicle wheel, the
laceration may be horizontal and result in a large
area of separation of skin from the underlying tis-
sues (often called ‘flaying’ or ‘degloving’). The
margins of a laceration are usually ragged; how-
ever, if a thin, regular, object inflicts an injury over
a bony area of the body, the wound caused may
look very sharply defined and can be mistaken for
an incised injury. Careful inspection of the mar-
gins will reveal some crushing and bruising, and
examination of the inner surfaces of the wound
will reveal the presence of bridging fibres.

The shape of the laceration (e.g. linear, curvi-
linear or stellate) rarely reflects the nature of the
impacting object (unless accompanied by other
patterned blunt-force injury).

Sharp-force injury

Injuries caused by sharp force need to be distin-
guished from blunt-force injuries such as lacera-
tions or gouge and point abrasions. In general,
sharp-force injuries have cleanly divided, distinct
wound edges, which may span irregular surfaces,
and penetrate different types of tissue with the
same contact (Figure 8.22).

Incised and slash wounds

Incised wounds are caused by objects with a sharp
or cutting edge, most commonly a knife but exam-
plesinclude an axe, shards of glass, broken glasses
and bottles, an edge of broken pottery, a piece of
metal, can also cause these wounds (Figure 8.23).
An incised injury is distinguished from a stab
wound by being longer on the skin surface than
it is deep. A surgical operation wound is an exam-
ple of an incised wound. Incised wounds caused
by sharp implements moving across skin surface
during an assault may sometimes be called ‘slash’
wounds (Figure 8.24).

The edges of the wound will give some indica-
tion as to the sharpness of the weapon causing it.
A sharp edge will leave no bruising or abrasion



(b)

Figure 8.22 (a) Sutured incised wound caused by razor
blade — note how wound follows contours. (b) Incised wound
caused by knife drawn across surface of fingers in this case
contours are spared.

of the wound margins. Careful inspection of the
depths of the wound will reveal that no bridg-
ing fibres are present because the cutting edge
divides everything in its passage through the skin.

Incised wounds, by their nature, are only life-
threatening if they penetrate deeply enough to
damage a blood vessel of significant size. Thus,
incised wounds over the wrist or neck, where
major arteries lie in more superficial tissues, can
prove fatal.

Stab wounds

A stab wound is caused by a sharp implement and
is deeper than it is long on the skin surface. A stab
wound can, however, be created but its progress
into the body be impeded by bone, in which case

the depth may not exceed wound width. This clas-
sification of such a wound is relatively straightfor-
ward in the deceased, but in the living (1) depth
may not be assessed at all and (2) if it is, the meas-
urement may be inaccurate. Forensic pathologists
may also have the advantage of being able to
determine direction of such wounds. The direction
or depth of a wound may not be clear when inter-
preting medical or operative note in survivors of
stab injury. Depth of the injury and the direction
are of great importance when considering dif-
ferent accounts of causation of stab wounds and
so the more information recorded at the time of
treatment, the more helpful it can be to the justice
system.

Any weapon with a point or tip can cause a stab
wound; the edge of the blade does not need to
be sharp. Stab-like wounds may also be caused
by (relatively) blunt objects such as screwdrivers
or car keys. For penetration of the body to occur,
a variety of factors determine how much force is
required, including:

B the sharpness of the tip of the weapon: this is
often the mostimportant factor and the sharper
the tip, the easier it is to penetrate the skin

B the sharpness of the ‘cutting edge’ of the
implement

B the nature of the force applied: stabbing inci-
dents are usually dynamic, involving com-
plex relative movements between victim and
assailant

B whether clothing has been penetrated: some
items of clothing, such as thick leather jackets,
may offer significant resistance to penetration.

B whether bone has been injured: skin offers
very little resistance to penetration by a sharp
knife, but injury to bone tends to suggest that
a greater force has been used to inflict the
wound. Significant penetration of bone may
also damage the knife.

Once a knife or other sharp implement has pen-
etrated the skin, subcutaneous tissues (except
bone) offer little additional resistance to deeper
penetration and, to an assailant, it may appear
that the rest of the weapon ‘follows through’ with
almost no additional effort or force being applied.
The insertion of a sharp knife into the body, espe-
cially through the skin stretched across ribs,
requires very little force, and pressure from a sin-
gle finger may be sufficient to push a very sharp
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8 Assessment, classification and documentation of injury

Figure 8.23 (a) Sutured incised wound across right side of head and face. (b) Incised wound to neck caused by use of knife.
(c) Irregular incised wounds caused by glass impacted and breaking on face. (d) Post-treatment appearance after glassing — note
multiple small superficial shard cuts in association with larger incised wounds.
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Figure 8.24 Slash-type wound to forearm: wound is wider
than it is deep.

Figure 8.25 Knife wound with knife tip in bottom right of figure.

implement through the chest wall at this site. The
commonest sharp weapon used in an assault is a
knife of some sort, but a huge variety of weapons
such as swords, shards of glass and broken bottles
can be used.

The appearances of a stab wound on the skin
surface can assist in determining the size and
the cross-sectional shape of the weapon used
(Figure 8.25). If a blade of some sort is used, the
general comments in Box 8.1 apply.

Chop injury

Chop injuries may be caused by a variety of imple-
ments that are generally heavy, and relatively
blunt, bladed instruments. These include some
machetes, Samurai swords and axes. Because of
the variability of the ‘blade’, injuries sustained
may be a mixture of sharp and blunt-force wounds,

Box 8.1 Features to consider

in a possible stab wound

@ A slit-like wound will distort, after removal of the weapon, because of
the action of elastic fibres present in the skin. If the fibres are orientated
at right angles to the skin surface wound, it will be pulled outwards and
get shorter and wider; if they run parallel to the skin surface wound,
it will be pulled lengthways and the edges will tend to close and the
wound elongate slightly.

@ Evenif the edges of the wound are gently pushed together, the resulting
defect is rarely the exact size as the knife.

@ The size of the wound also depends on the shape/configuration of the
blade and how deeply it was inserted.

® Movement of the knife in the wound, as a consequence of relative
movement between the assailant and victim, may cause the wound to
be enlarged. If the knife is twisted or rotated within the body, an irreg-
ularly-shaped, or even triangular, skin surface wound may be result.

@ Many knives have only one cutting edge, the other being blunt. This
design may be reproduced in the wound where one wound apex is
sharp or ‘V’-shaped, while the other is blunt, or rounded. The blunt
wound apex may ‘split’ at each side, an appearance commonly referred
to as a ‘fishtail".

@ Provided that clothing has not intervened, skin adjacent to the stab
wound may be bruised and/or abraded as a consequence of forcible
contact between the skin and, for example, the hilt/blade guard of a
knife, or the ‘knife-wielding’ hand of the assailant.

o The depth of a wound within the body can be greater than the length
of the blade if a forceful stab is inflicted. This is because the abdomen
and, to a lesser extent, the chest, can be compressed by the force of
the knife hilt or knife-wielding hand against the skin.

® A blunt object such as a screwdriver or ‘spike” will tend to indent, split
and bruise the skin on penetration. Different types of screwdriver can
cause different patterns of injury, for example ‘cross-head’ or ‘Phillips’
screwdrivers can cause very distinctive cruciate skin surface wounds.

@ Unusually shaped stab wounds may be caused by implements less
commonly encountered in stabbing assaults; scissors, for example,
may cause a ‘Z-shaped’ skin surface injury, while chisels may cause
rectangular-shaped stab wounds. When such injuries are encountered,
it is important to consider unusual causative implements.

typically involving bruised, crushed and abraded
wound margins (Figure 8.26). Fractures and ampu-
tations may also result from the use of such imple-
ments and substantial scarring may ensue.

B Other types of
injury pattern

Examination of the site, orientation and pattern(s)
of the wounds will often reveal useful indica-
tions about the causation of the wound. Particular
actions such as punches, kicks, bites, scratching
holding or gripping injuries and defence injuries
can be identified by their patterns (Figure 8.27).
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8 Assessment, classification and documentation of injury

Figure 8.26 Multiple hypertrophic scars to left arm and shoulder
caused by machete.

Figure 8.27 Typical severe fingernail scratching injuries to face.

Punching

A punch is a blow delivered by the clenched
fist. The blow can be directed anywhere, and the
effects are in part dependent on force of delivery.
Visible injury is more likely to be seen over those
areas of the body where the skin is closely applied
to bone, as in the face and skull. The entire range
of blunt force injuries can be caused, includ-
ing bruises, abrasions, lacerations and fractures.
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These may also occur on the hand delivering the
punch. On the face, the lips can also be forced
back onto the teeth, resulting in bruising, abra-
sion and lacerations inside the lips. Any examina-
tion following a blow to the face or mouth requires
intraoral examination. A single blow to the nose or
forehead can cause bilateral periorbital bruising
(black eyes).

Ribs may be fractured by blows of sufficient
force. Intra-abdominal injury, including mesen-
teric laceration, intestinal rupture and injury to the
major abdominal organs, can occur if punches of
adequate force are delivered to a vulnerable (i.e.
unresisting) abdomen.

Kicking and stamping

Kicking and stamping injuries are caused by feet,
which may be shod or unshod. Again, as with
punches, the entire gamut of blunt force injury
may be seen, but kicks and stamps can be more
powerful than punches, and more so if delivered to
an individual already vulnerable (e.g. lying on the
floor or unconscious). Kicking and stamping may
leave areas of intradermal bruising that reflect the
pattern of the sole of the shoe and this can lead to
identification of the assailant.

The victim is often on the ground when these
injuries are inflicted, and blows from the foot are
commonly directed towards the head and face, the
chest and the abdomen. The high levels of force
that can be applied by a foot mean that there are
often underlying skeletal injuries. These are most
common in the facial skeleton and in the ribs.
Stamping injuries to the front of the abdomen may
result in rupture of any of the internal organs.

Bite injuries

Bite marks are commonly associated with bruising
and may be associated with lacerations if severe
force is applied. Bite marks can be seen in sex-
ual assaults, child abuse and occasionally on the
sports field. A forensic odontologist should review
any possible bite marks when confirmation of
identity of the biter is required.

Bite marks may be found on almost any sur-
face of the body; specific sites are associated with
specific forms of assault (Figure 8.28). The neck,
breasts and shoulders are often bitten in a sexu-
ally motivated attack, while in child abuse bites



(c)

Figure 8.28 Bites. (a) Human bite with tissue loss to right ear.
(b) Bite mark with bruising, skin lifts and teeth marks to chest.
(c) Bite causing tissue loss to chin no identifiable teeth marks
evident.

to the arms and the buttocks are common. Bites
can also be inflicted by many common inhabitants
of a house, including family pets. Odontological
examination will reveal different sizes, different
arch shapes and different dentition in these cases.

If a suspected bite is found at examination,
a swab of the area should be taken for DNA and
the bite should be photographed with a scale.
Photography should be undertaken by trained
forensic photographers. Photography using ultra-
violet light may be of assistance in older cases but
is often of limited value.

Defence injuries

In situations of assault and attack it is a normal
reflex to protect oneself. In many instances the
reflex involves sustaining injury but reducing the
damaging results.

When a knife or a stabbing implement is
directed at an individual, blows to the head and
face may be defended by raising the hands and
arms to cover the head and face. The hand may
attempt to grab or deflect a weapon. The arms and
hands sustain injuries but the head is protected.
In addition, in incidents involving knives where a
knife may be thrust towards an individual the indi-
vidual may try and defend themselves by grab-
bing the knife blade and deflecting it away from,
for example, the chest and abdomen. Grabbing of
the cutting blade will result (if the knife is sharp
enough) in cuts to the part of the hand that grabs
the knife (generally the palm or gripping side of
the hand and fingers; Figure 8.29). Both assailant
and victim can sustain incised wounds if there has
been a struggle. In general, the dominant hand
may generally automatically be used to defend,
but if the dominant hand (most commonly the

Figure 8.29 Defence injuries to right hand caused by knife.
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8 Assessment, classification and documentation of injury

Figure 8.30 Bruising to extensor aspect of left arm — raised to
ward off impact from baseball bat.

right) is otherwise engaged, the non-dominant
hand may be used. Multiple defence wounds may
be sustained during an assault, and such wounds
to the hands may be of variable depth, or discon-
tinuous, as the hand is not a flat surface.

Defence-type injury after blunt weapon assault
will be seenin the same regions, namely the exten-
sor surfaces of arm and upper arm (Figure 8.30)
which may be raised to protect against blows,
and on the back, or the back of the legs, if an indi-
vidual is taken to the ground and, for example,
kicked. The victim will tend to curl up in a ball with
hands and arms over the head and legs tucked up
towards the chest.

Defence injuries may be absent following
an assault. This may be for a number of reasons
including unconsciousness from assault, or inca-
pacity through drugs or alcohol or restraint by
another person or persons.

B Survival after injury

The length of survival following infliction of an
injury is difficult to determine: every human being
is different and this variability in survival and post-
injury activity is to be expected. Any expression
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of either survival time or of the ability to move
and react must be given on the basis of the ‘most
likely’ scenario, accepting that many different ver-
sions are possible. The court should be advised of
the difficulties of this assessment and should be
encouraged also to consider eyewitness accounts.

It must be remembered that survival for a time
after injury and long-term survival are not one and
the same thing. The initial response of the body to
haemorrhage is ‘compensatible shock’, shutting
down peripheral circulation; if blood loss contin-
ues, the homeostatic mechanisms may be over-
whelmed and the individual enters the phase of
‘uncompensated shock’, which leads inexorably
to death.

Many examples exist of individuals with appar-
ently potentially immediately fatal wounds who
have performed purposeful movements/actions
for some time after the ‘fatal’ injury. Forensic prac-
titioners should always be very wary about allot-
ting fixed times after which somebody could not
have survived, only to be confronted with CCTV
evidence showing that they clearly did.

B Self-inflicted injury

All types of injury can be self-inflicted, acciden-
tally inflicted or deliberately inflicted by another.
Most deliberate self-inflicted injuries are caused
by those with psychiatric or mental health issues,
or in association with stressful situations and anxi-
ety. Patterns of injury are well-documented in
such individuals. In the forensic setting there is
a small, but significant, group of individuals who
self-harm for other motivations, such as staging
assault for attention-seeking and similar motives,
or to deliberately implicate others in criminal acts
or for financial gain (e.g. insurance fraud). Such
injuries will not follow the pattern of ‘typical’ self-
harm injury.

Fatal self-inflicted blunt-force injuries may be
inflicted following, for example, jumping from
a height or under a train. There may be no spe-
cific features to the injuries that identify them as
self-inflicted. Self-inflicted bite marks may occa-
sionally be seen on the arms of an individual
who claims to have been assaulted or blunt force
injuries to the head or other parts of the body.
Abrasions might be created by using objects such
as abrasive pads to fabricate injury.




Self-inflicted incised or stabbing injuries,
however, frequently show specific patterns that
vary depending on the aim of the individual. In
suicidal individuals, self-inflicted sharp-force
injuries are most commonly found at specific sites
on the body called ‘elective sites’; for incised
wounds these are most commonly on the front of
the wrists and neck, whereas stabbing injuries
are most commonly found over the precordium
and the abdomen. In individuals who only desire
to ‘self-harm’ or mutilate themselves, the site can
be anywhere on the body that can be reached
by the individual (Figure 8.31). Generally, the
eyes, lips, nipples and genitalia tend to be
spared.

The other features of self-inflicted injuries lie in
the multiple, predominantly parallel, nature of the
wounds and, in suicidal acts, the more superficial
injuries are referred to as ‘hesitation’ or ‘tentative’
injuries (Figure 8.32).

(b)

Figure 8.31 (a) Multiple linear burn marks (caused by heated
knife blade applied to the skin) — note healed lesions between
acute lesions. (b) Multiple incised wounds to forearm — note
different ages of scars.

Figure 8.32 Multiple new incised wounds with smaller and
more superficial tentative injuries (arrowed).

The forensic practitioner has an important role
in the evaluation of the nature and pattern of inju-
ries that might be self-inflicted. In the absence of
an admission of self-harm from an individual, it
may be possible to come to a view as to whether
injuries are likely to have been self-inflicted if the
characteristics listed in Table 8.1 are considered.
Some or all of these characteristics commonly
inflicted by some form of implement, such as a
knife or a nail, may be present, but it is impor-
tant to note that only some, and rarely all, may
be present in an individual case. The absence of
a particular feature listed does not preclude self-
infliction; neither does its presence necessarily
imply self-infliction.

In some difficult cases, it may not be possible to
exclude assault, and evidence of self-harm, rather
than assault, must come from alternative sources,
such as other witnesses.

The staging of assault or injury may also
involve other individuals complicit in the process.
In such a setting, injuries that are unusual as ‘self-
harm’ injuries (e.g. black eyes or deep abrasions)
may have been inflicted by an accomplice. In
such cases the detail of the accounts given (or not
given) can be crucial in determining the actual
course of events.
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8 Assessment, classification and documentation of injury

Table 8.1 Some characteristics that may be associated with self-inflicted injury

Characteristic

1. On an area of the body that the individual can access
themselves

Additional comments

Injuries in sites less accessible (e.g. the middle of the back) are less likely to
have been self-inflicted

2. Superficial or minor injury

Severe self-inflicted injuries may also be caused, particularly in those with
psychiatric disorder

3. If there is more than one incised wound, they are of similar
appearance, style and orientation to one another (e.g.
parallel with each other)

Typically, self-inflicted sharp force injuries are more superficial, numerous and
similar to each other than those sustained in an assault, where the natural
reaction of the injured person is to avoid repeated injury

4. If there are other types of injury (e.g. scratches, cigarette
burns) these are also of similar appearance, style and
orientation to each other

As above — multiple superficial, and relatively trivial injuries that are similar in
nature and extent to each other should raise the possibility of self-infliction

5. Injuries grouped in a single anatomical region

As above

6. Injuries are grouped on the contralateral side to the
patient’s handedness

A right-handed person will tend to harm themselves on the left side of the body

7. Tentative injuries

Smaller or lesser injuries grouped with the main injuries are termed ‘tentative’

or ‘hesitation’ marks, where initial attempts at injury have been made

8. 0Id healed scars in similar sites

May indicate previous attempts at self-harm

9. Scars of different ages in similar sites

May indicate repeated previous attempts at self-harm

10. Slow-healing injuries

Persistence of wounds that would otherwise have been expected to heal, in the
absence of any other factors

11. Psychiatric and related issues (such as eating disorders,
drug and alcohol misuse)

There may be an increased incidence of self-infliction with such conditions

12. Possibility of self-inflicted injuries created to stage a crime

These may lack many of the features referred to above.

B Torture

Article 3 of the European Convention on Human
Rights states that no-one shall be subjected to
torture or to inhuman or degrading treatment
or punishment. Additionally, the United Nations
Convention against Torture and Other Cruel,
Inhuman or Degrading Treatment or Punishment
defines torture as:

... “torture” means 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 com-
mitted or is suspected of having committed, or
intimidating or coercing him or a third per-
son, or for any reason based on discrimina-
tion 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.
It does not include pain or suffering arising
only from, inherent in or incidental to lawful
sanctions.
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Unfortunately, such treatment and punishment is
still widely found throughout the world. In order
to address the issues of torture and human rights
abuses it is important that there are effective
ways of documenting and comparing findings.
The Istanbul Protocol is the shortened term to
describe the Manual on Effective Investigation and
Documentation of Torture and Other Cruel, Inhuman
or Degrading Treatment or Punishment, a set of
international guidelines for documentation of
torture and its consequences. It became a United
Nations official document in 1999 and provides
a set of guidelines for the assessment of persons
who allege torture and ill-treatment, for investi-
gating cases of alleged torture, and for reporting
such findings to the judiciary and any other inves-
tigative body. It is the most appropriate means
by which robust evidence can be presented in a
standardized manner to the relevant authorities.
Interpretation of findings regarding scars or
marks is undertaken using the following gradation:

B Not consistent: could not have been caused by
the trauma described

B Consistent with: the lesion could have been
caused by the trauma described but it is



non-specific and there are many other pos-
sible causes

B Highly consistent: the lesion could have been
caused by the trauma described, and there
are few other possible causes

B Typical of: this is an appearance that is usually
found with this type of trauma

B Diagnostic of: this appearance could not
have been caused in any way other than that
described.

Forensic physicians and pathologists may be
asked to assess individuals claiming torture or
human rights abuse. For example, the International
Rehabilitation Council for Torture Victims launched
a project in 2009 entitled “The use of forensic evi-
dence in the fight against torture.” The objective of
the project is to fight impunity (i.e. the exemption
from punishment) by focusing on medical exami-
nation and forensic evidence that can be used in
the prosecution of alleged torture cases. Over 30
forensic experts from 16 countries have joined the
group and they will provide support in examining
torture victims to establish best practice examples.

Assessing victims of torture can be complex
and it may be necessary to assess and interpret
physical findings for which there may be a num-
ber of explanations. The doctor’s role is to assess
these finding impartially. In order to make an
assessment for physical evidence of torture a
structured examination must take place, which
involves the history, the medical history and then
the physical examination. The physical examina-
tion must involve systematic examination of the
skin, face, chest and abdomen, musculoskeletal
system, genitourinary system and the central and
peripheral nervous systems. Specific examina-
tion and evaluation is required following specific
forms of torture which include: beatings and other
blunt trauma; beatings of the feet; suspension;
other positional torture; electric shock torture;
dental torture; asphyxiation; and sexual torture,
including rape. Specialized diagnostic tests may
be required to assess damage (e.g. nerve conduc-
tion studies).

The history taking should include direct quotes
from the victim, establishment of a chronology,
where possible backing it up, for example with
old medical records and photos. A summary of
detention settings, and abuses, must be obtained
with details of the conditions within those settings

Figure 8.33 Bruising to feet caused by repeated blunt impact
to feet — falanga.

Figure 8.34 Amputation of right thumb as a form of torture.

and methods of torture and ill-treatment. Attention
must also be paid to, and may require special-
ist assessment of, the psychological status of the
victim. Specific torture techniques that may be
described include:

B beating of the soles of the feet (falanga, falaka
or bastinado; Figure 8.33)

B amputation (Figure 8.34)

B positional torture — e.g. cheera (legs stretched
apart) or Parrot’s Perch (wrists tied over
knees — a pole placed under the knees)

B suspension — e.g. Palestinian hanging (arms
and wrists tied and elevated behind the back;
figure 8.35), which can result in disruption
of shoulder joint complexes and subsequent
deformity.

B electrical burns (Figure 8.36)

B wet submarine — immersing the victim’s head
in a container full of water until the person
almost drowns

B dry submarino - placing the victim’s head
inside a plastic bag until nearly suffocated.
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Figure 8.35 Visible abnormality subsequent to joint disruption
after Palestinian hanging.

Figure 8.36 Electrical burns — scarring to scrotum as a result
of application of electrodes.

Each of these may have short- and long-term
sequelae.

It is important to recognize that there may be
no physical evidence of torture. Where scars or
marks are present it is important, for the cred-
ibility of the examination to distinguish between
alleged torture scars and injuries and non-torture
scars and injuries.

B Documentation of
injurv or marks of injury

There is a great temptation for doctors and
other healthcare professionals to use medical
terminology to imbue a sense of professional-
ism and expertise to reports and statements.
This approach is generally not helpful, either to
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colleagues attempting to interpret their meaning
or to courts unless a concurrent explanation in lay
terms is provided.

Forensic pathologists have to use all available
information, from police, from witnesses, from
medical records, from family and many other
sources to determine what may or may not have
caused fatal injury. Forensic physicians dealing
with the injured living person may be able to get a
history directly from that person. If it is possible to
take a history, then the relevance of factors such as
those listed below should be considered:

B Time of injury or injuries

B Has injury been treated (e.g. at hospital or at
home)?

Pre-existing illnesses (e.g. skin disease)
Regular physical activity (e.g. contact sports)
Regular medication (e.g. anticoagulants,
steroids)

Handedness of victim and suspect

Use of drugs and alcohol

Weapon or weapons used (if still available)
Clothing worn

This information should be easily obtainable and
documented in the contemporaneous medical
notes. There is often an ‘evidence gap’ for those
seriously injured, and who require resuscita-
tion and immediate surgery or ventilation, when
compared with relatively minor interpersonal
assaults, where the complainant can give a full
account and injuries can be documented, and the
deceased, who will have a post-mortem exami-
nation carried out by a forensic pathologist. The
duty of care in the critically injured rightly out-
weighs the need to document injury accurately,
or to retrieve crucial evidence, and lack of foren-
sic skills mean that often hugely important evi-
dence (e.g. nature of injury or important trace
materials) is lost. There is a clear argument for
(1) increasing the level of forensic skills of those
involved in the care of the severely or critically
injured or (2) have available forensic physicians
who can (with the consent of the clinical teams)
gather evidence at the earliest opportunity. The
following characteristics should be recorded
wherever possible for each injury:
B Location (anatomical — measure distance from
landmarks)
B Pain
B Tenderness



Reduced mobility

Type (e.g. bruise, laceration, abrasion)
Size (use metric values — use a ruler, do not
estimate)

Shape

Colour

Orientation

Age

Causation

Handedness

Time

Transientness (of injury).

The recording of such information in the clinical
setting should ideally be in three forms. First in a
written form, appropriately describing the injury,
second as a hand-drawn body diagram and, ide-
ally, to supplement the first two, in digital image
form. Such documentation will ensure that the
opportunity for proper interpretation is maxi-
mized. However, the presence of a digital image
does not necessarily mean it is of high quality.
Those who have the competence and experi-
ence to know how best to show the feature being
referred to should take the images. Such images
should be taken using appropriate rules and col-
our scales. Thus any clinical notes should: record
the appropriate history; record accurately and
clearly all findings — positive and negative; record
legibly; summarize findings with clarity; use con-
sistent terminology; and interpret within the limits
of your experience. If you cannot, or should not
give opinion on your clinical findings, state this
clearly.

Forensic pathologists must document and
record all injuries identified at post-mortem
examination in detail, sufficient to enable subse-
quent review of their findings, and to demonstrate
the reliability of their conclusions in any legal
forum.

B Further information
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B Introduction

Specific regions of the body may be particularly
susceptible to types of trauma that may not cause
serious or fatal injury elsewhere. A good example
of this may the single stab wound. If this penetrates
the limbs then a serious or fatal outcome is unlikely,
unless a large artery is injured. If a single stab
wound penetrates the heart or the abdominal aorta
a fatal outcome is much more likely. Consideration
of patterns of injuries according to the body region,
and the potential complications of those injuries, is
therefore an important component in both the clin-
ical and pathological evaluation of trauma.

B Head injuries

Any trauma to the head or face that has the poten-
tial for damaging the brain can have devastating
consequences. Normally the brain is protected
within the bony skull, but it is not well restrained
within this compartment and injuries to the brain
result from differences between the motion of the
solid skull and the relatively ‘fluid’ brain. There
are three main components of the head: the scalp,
the skull and the brain.

Regional
Injuries

Scalp

The scalp is vascular, hair-bearing skin; at its
base is a thick fibrous membrane called the galea
aponeurotica. Lying between the galea and the
skull is a very thin sheet of connective tissue that
is penetrated by blood vessels (emissary veins)
emerging through the skull, and beneath this con-
nective tissue is the periosteum of the outer table
of the skull. Injury to the vascular scalp can lead
to profuse bleeding which, although can usually
be stopped by local application of pressure, in
some circumstances (e.g. acute alcohol intoxica-
tion) can lead to physiological shock and death.
Bleeding scalp injuries can continue to ooze after
death, particularly when the head is in a depend-
ent position.

The scalp is easily injured by blunt trauma as
it can be crushed between the weapon and the
underlying skull. Bruises of the scalp are associ-
ated with prominent oedema because this normal
tissue response cannot spread and dissipate as
easily as in other areas of the body. The easiest
way to detect scalp injuries is by finger palpation,
but shaving is often required for optimal evalua-
tion, documentation and photography of injury in
the deceased, and sometimes in the living. In the
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living a good history from the individual, and
lighting, can localize any injury. It is surprisingly
difficult to identify the site of profuse bleeding
from the scalp in an individual with abundant head
hair. In the living if there is evidence of stamp-
ing or implement assault it may also be neces-
sary to shave the hair so that potential ‘patterned
injury’ can be identified and recorded for overlay
comparison.

Lacerations of the scalp can usually be distin-
guished from incised wounds; careful examina-
tion often reveals crushed, abraded or macerated
wound edges and tissue bridges in the wound
depths (Figure 9.1). Occasionally such a distinc-
tion is more difficult, and it may be that the nature
and properties of the scalp, its relative ‘thinness’
and tethering to the skull, contributes to the
appearance of an incised wound following blunt
impact.

Tangential forces or glancing blows, either
from an implement or from a rotating wheel
(e.g. in a road traffic accident), may tear large
flaps of tissue, exposing the underlying skull. If
hair becomes entangled in rotating machinery,
portions of the scalp may be avulsed. These are
referred to as ‘scalping’ injuries.

Skull fractures

The skeleton of the human head is divided into
three main parts: the mandible, the facial skel-
eton and the closed container that contains the
brain, the calvaria. The calvaria is made up of
eight plates of bone, each of varying thickness,

Figure 9.1 Scalp laceration caused by a heavy torch.
Following shaving of hair from around the injury, the crushed
and abraded wound edges can clearly be seen.
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with buttresses passing through and across the
bony margins. The skull is designed in part to
protect the brain and in part to provide a mobile
but secure platform for the receptor organs of the
special senses.

The complexity of the skull structure means that
mechanisms of skull fracture can be extremely
complex as a result of both direct force (e.g. direct
impact to the parietal bone causing a linear frac-
ture) and indirect force (e.g. an orbital blowout
fracture caused by impact to the eyeball). These
mechanisms have been studied extensively and
much is known about the way the skull behaves
when forces are applied to the head. The skull,
although rigid, is capable of some distortion and
if the forces applied exceed the ability of the skull
to distort, fractures will occur. The site of fracture
therefore represents that point at which the deliv-
ered energy has exceeded the capability of the
skull to distort, which is not necessarily at the site
of impact, unless that applied force has resulted
in a localized depressed fracture. The skull’s capa-
bility to distort before fracturing varies with age,
and an infant skull may permit significant distor-
tion following impact without fracturing.

Apart from depressed fractures underlying
major, localized areas of trauma, skull fractures
alone are not necessarily life threatening. The
presence of a skull fracture indicates the applica-
tion of blunt force to the head, and it is the trans-
mission of such force to the intracranial contents
— including the brain - that has the potential to
cause life-threatening injury. Fatal brain injury can
occur in the absence of externally visible scalp
injury, or skull fracture and, conversely, scalp
injury overlying skull fracture may be associated
with minimal (or no recognizable) brain injury or
neurological deficit. In clinical practice, however,
intracranial injury should always be suspected in
the presence of skull fracture.

A pathologist can only make broad com-
ments about the possible effect upon an indi-
vidual of a blow to the head. As with all injuries,
a wide spectrum of effects is to be expected in a
population sustaining the same injury in exactly
the same way.

Scalp abrasions, bruises or lacerations repre-
sent contact injuries, and their presence will assist
in the identification of the point of contact/impact.
Bruises, however, may evolve, and ‘move’ in tissue
planes, and may not precisely represent the site of



contact/impact by the time the scalp is examined.
Abrasions do identify sites of impact. A direct
blow to the nose can cause blunt force injuries to
the nose itself, but may also cause bilateral peri-
orbital bruising, as may impacts to the central
forehead, even though no impact was applied to
the eyes or orbital region.

Blows to the top of the head commonly result in
long, linear fractures that pass down the parietal
bones and may, if the force applied was severe,
pass inwards across the floor of the skull, usually
just anterior to the petrous temporal bone in the
middle cranial fossa. If the vault fractures extend
through the skull base from both sides, they may
meet in the midline, at the pituitary fossa, and pro-
duce a complete fracture across the skull base:
this is known as a hinge fracture (Figure 9.2). This
type of fracture indicates the application of severe
force and may be seen, for example, in traffic acci-
dents or falls from high buildings.

Falls from a height onto the top of the skull or onto
the feet, where the force is transmitted to the base of
the skull through the spine, may result in ring frac-
ture of the base of the skull around the foramen mag-
num, whereas significant ‘broad surface’ blows to
the skull vault, particularly the parietal bones, may
result in a ‘spider’s web’ type of fracture composed
of radiating lines transected by concentric circles.

Figure 9.2 A *hinge fracture’ of the skull base caused by
impact to the left side of the head after the victim was thrown
to the ground, having been hit by a car.

Depressed fractures will force fragments of
skull inwards and, because of the bilayer construc-
tion ofthe skull, the degree of inner table fragmen-
tation may be much greater than that of the outer
table and fragments of bone can be driven into
the underlying meninges, blood vessels and brain
tissue. Blows to the head by implements, such as
round-headed hammers may cause depressed
vault fractures that have a curved outline with
dimensions and a profile similar to that of the
impacting surface of the implement (Figure 9.3).

The orbital plates, the upper surfaces of the
orbits within the skull, are composed of extremely
thin sheets of bone which are easily fractured, and
these ‘blow-out’ fractures may be the only indica-
tion of the application of significant force to the
skull. They are frequently seen as a consequence
of a fall onto the back of the head.

Special mention must be made of skull frac-
tures in children and infants. These fractures
are extremely important forensically but their
interpretation can be extremely difficult. It is self-
evident that skull fractures may be the result of
either deliberate or accidental acts and differ-
entiation will depend on the consideration of as
much relevant information as possible (see also
Chapter 7, p. 85).

Intracranial haemorrhage

The clinical significance of any space-occupying
lesion within the cranial cavity is the effect that the
raised intracranial pressure caused has on brain
structure and function.

Intracranial bleeding, resulting in a spaceoc-
cupying lesion, is the cause of many deaths and

Figure 9.3 Depressed skull fracture, with rounded contours,
closely replicating the dimensions of a round-headed hammer.
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disability following head injury, often as a result
of delayed or missed diagnosis. Bleeding can
compress the brain and, if it continues for suf-
ficient time, and in sufficient quantity, can raise
the pressure within the cranial cavity. As the
intracranial pressure increases, blood flow to
the brain decreases and, if the intracranial pres-
sure reaches a point where it equals or exceeds
arterial blood pressure, the blood flow to the
brain will cease.

The anatomy of the blood vessels within the
skull has a major influence on the type of bleed-
ing that will occur following trauma (Figure 9.4).
The meningeal arteries run in grooves in the
inner table of the skull and lie outside the dura.
They are generally protected from the shearing
effect of sudden movement but are damaged by
fracture lines that cross their course. The venous
sinuses lie within the dura and the connecting
veins pass between the sinuses and the corti-
cal veins; these vessels are at particular risk of
‘shearing’ injury when there is differential move-
ment between the brain and the skull. The true
blood supply to the brain, the cerebral arteries
and veins, lies beneath the arachnoid membrane
and is generally protected from all but penetrat-
ing injuries.

Two main types of haemorrhage within the
skull cavity, each resulting in haemorrhage in dif-
ferent planes, are extradural and subdural haem-
orrhage. Extradural haemorrhage is associated
with damage to the meningeal artery, particularly
the middle meningeal artery, in its course in the
temporal bone (Figure 9.5). Damage to this ves-
sel leads to arterial bleeding into the extradural
space. As the blood accumulates, it separates
the dura from the overlying skull and forms a
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Figure 9.4 Forensic anatomy of the skull and meninges.
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haematoma. Arterial bleeding is likely to be fast,
and the development of the haematoma will result
in a rapid displacement of the brain and the rapid
onset of symptoms. Extradural haemorrhages are
ones that in the clinical setting may present with
head trauma and then a ‘lucid period’ of half an
hour or more, before rapid deterioration. Rarely,
extradural haemorrhage can develop as a result of
venous bleeding from damaged perforating veins
or dural sinuses, in which case the development of
symptoms will be slower.

The second most important cause of traumatic
intracranial haemorrhage is damage to the com-
municating veins, as they cross the (potential)
‘subdural space’, causing subdural haemorrhage
(Figure 9.6).This venous damage is not necessarily

Fracture line

Haematoma

Meningeal artery

Figure 9.5 Extradural haemorrhage. Schematic representation
(a) of the formation of an extradural haemorrhage and autopsy
appearance (b) of a large right-sided, temporoparietal,
extradural haemorrhage associated with deep scalp bruising at
the site of impact. There was a linear skull fracture on the right
passing through the middle meningeal artery.
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Figure 9.6 Subdural haemorrhage. Schematic representation
of the formation of a subdural haematoma (a) and autopsy
appearance of an acute right-sided subdural haemorrhage (b).

associated with fractures of the skull. In many
instances, particularly in the very young and the
very old, there may be no apparent history or evi-
dence of any trauma to the head. These venous
injuries are associated with rotational or shearing
forces that cause the brain to move relative to the
inner surface of the skull; this motion is thought
to stretch the thin-walled veins, causing them to
rupture. The venous bleeding lies in the subdural
space. Recent subdural haemorrhages are dark
red in colour and shiny, but begin to turn brown
after several days; microscopically, haemosiderin
can be identified with Perl’s stain (Figure 9.7).
Older subdural collections (chronic subdural hae-
matoma) may be enclosed in gelatinous ‘mem-
branes’, which can harden into a firm rubbery
capsule in extreme cases. Such old collections of
subdural blood are most commonly seen in the
elderly, whose cerebral atrophy allows space for
the formation of the haematoma without apparent
significant clinical effect. Chronic subdural hae-
matomas are also seen in those prone to frequent
falls, such as those with alcohol dependencies.
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Figure 9.7 Microscopy of a ‘healing’ acute subdural
haemorrhage, of approximately 4 days’ duration, with iron-
pigment-laden macrophages demonstrated by Perls’ staining.

Occasionally, subdural haemorrhages may be pre-
sent for many months or even years before diag-
nosis, which can be difficult because of the often
non-specific neurological changes. Spontaneous
subdural haemorrhages can occur.

The effects of both extradural and subdural
haemorrhages are essentially the same: they
can act as space-occupying lesions compressing
the brain and, as discussed below, at their most
severe, causing internal herniation (e.g. through
the tentorium cerebelli). However, there may also
be resultant brain contusion and swelling because
of trauma, which accelerates the clinical deterio-
ration and can hasten a fatal outcome.

Traumatic subarachnoid
haemorrhage

Small areas of subarachnoid haemorrhage are
common where there has been direct trauma to
the brain, either from an intrusive injury, such as a
depressed fracture, or from movement of the brain
against the inner surface of the skull as a result of
acceleration or deceleration injuries. These small
injuries are usually associated with areas of under-
lying cortical contusion and sometimes laceration.

Large basal subarachnoid haemorrhages can
be of traumatic origin and follow blows or kicks to
the neck, particularly to the upper neck adjacent
to the ear, but any blow, or even perhaps avoid-
ance of a blow, which results in rapid rotation and
flexion of the head on the neck can cause this dam-
age. The vertebral arteries are confined within
foraminae in the lateral margins of the upper six
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cervical vertebrae and are susceptible to trauma
either with or without fracture of the foramina. It
was traditionally thought that traumatic damage to
the arteries occurred at the site at which they pen-
etrate the spinal dura to enter the posterior fossa
of the skull, although it is becoming increasingly
evident that arterial injury leading to basal suba-
rachnoid haemorrhage occurs in the intracranial
portions of the vertebral arteries (Figure 9.8).

Most basal subarachnoid haemorrhages are,
however, non-traumatic in origin and arise from
the spontaneous rupture of a berry aneurysm
of one of the arteries in the circle of Willis (see
Chapter 6, p. 72). In the deceased, particular
care must be taken to exclude this natural cause,
and special autopsy dissection techniques are
required to evaluate the integrity of the vertebral
arteries.

Figure 9.8 Traumatic basal subarachnoid haemorrhage.

(a) Autopsy appearance of basal subarachnoid haemorrhage,
covering the brain-stem, visualized following removal of the
cerebral hemispheres and tentorium cerebelli. The basilar
artery has been ligated. (b) The source of the bleeding is a tear
in a vertebral artery, confirmed following visualization of fluid
leakage from the cannulated injured vessel.
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Brain injury

Injuries that have resulted in skull fractures or
intracranial haemorrhage are clear macroscopic
markers of significant force having been applied
to the head and therefore to the brain. Sometimes,
however,these markers are absent but,as aresult of
acceleration or deceleration forces, the brain has
been significantly traumatized. Whatever the pre-
cise cause of the trauma, the effects on the brain,
as a whole, are the same and, as a consequence
of the body’s response to primary traumatic brain
injury, cerebral oedema develops (i.e. secondary
brain injury). The mechanism of cerebral oedema
is complex, but is in part caused by transudation
of fluid into the extracellular space.

As oedema develops, the brain swells and, as
the skull cannot expand beyond the confines of
the cranial cavity to compensate for this swell-
ing, the intracranial pressure rises and the brain
is ‘squeezed’ around meningeal folds (downwards
through the tentorium cerebelli, causing injury
to the temporal lobe unci and exerting pressure
on the brain-stem, for example), and downwards
through the foramen magnum (i.e. coning, causing
injury to the cerebellar tonsils and exerting pres-
sure on the brain-stem) in a process called inter-
nal herniation (Figure 9.9).

The weight of the oedematous brainis increased
and the surface of the brain is markedly flattened,
often with haemorrhage and necrosis of the unci
and the cerebellar tonsils; sectioning reveals com-
pression of the ventricles, sometimes into thin slits.

Direct injuries to the brain from depressed or
comminuted skull fractures result in areas of bruis-
ing and laceration of the cortex, often associated
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Figure 9.9 Schematic representation of the effects of brain
swelling and ‘internal herniation’ caused by raised intracranial
pressure.



with larger sites of haemorrhage. These injuries
can occur at any site, above or below the tento-
rium. Penetrating injuries from gunshots or from
stab wounds can cause injuries deep within the
white matter, and the tissue adjacent to the wound
tracks will often be contused and lacerated.

Traumatic axonal injury

When the brain is subjected to rotational accel-
eration/deceleration forces, traumatic injury to
axons within the brain substance can occur as a
consequence of ‘shearing’ effects because of the
differential movement of the various components
of the brain which move in different ways, or at dif-
ferent speeds, relative to each other. This shearing
causes contusions and lacerations deep within the
substance of the brain, but particularly in midline
white matter structures such as the corpus callo-
sum. Shearing is also associated with the so-called
‘gliding lesions’ that occur predominantly at the
junction between cortical grey and white matter.
The shearing effects are also identifiable on
microscopy, where damage to axons can be visu-
alized with the aid of special staining techniques.
These changes have been termed traumatic
axonal injury which, when present at multiple sites
throughout vulnerable areas of the cerebral hemi-
spheres and brain-stem, may be described as dif-
fuse traumatic axonal injury. Axonal injury takes
a variable time to develop, or at least to become
apparent under the microscope, and in cases of
immediate or very rapid death following brain
injury the microscopic changes may not be iden-
tifiable. Where there has been survival for several
hours, immunohistochemical staining for -amyloid
precursor protein (B3-APP) may identify injured
axons, although interpretation of such staining may
be problematic, given that this stain also highlights
axonal injury caused by non-traumatic phenom-
ena including hypoxia-ischaemia (Figure 9.10).
Progressive axonal injury, resulting in the forma-
tion of axonal retraction ‘bulbs’, can easily be rec-
ognized by silver staining techniques after some
12 hours following axonal injury, and subsequently
on routine haematoxylin and eosin (H&E) staining.

Coup and contrecoup injuries

A coup injury to the brain occurs at the site of
primary impact, when deformation of the skull

contacts the underlying brain. The site of scalp
injury will generally approximate the site of brain
injury. Such a coup injury to the brain is usually
represented by localized subarachnoid haemor-
rhage and cortical surface contusion with, or with-
out, laceration.

In a ‘moving head injury’, such as might be
experienced following a fall onto the back of the
head, for example, impact causes the skull to stop
moving suddenly, while movement of the brain
continues momentarily before also stopping. As
a consequence of such relative movement, and
the effects of deceleration forces acting on the
skull and the cranial contents, a distinctive pat-
tern of head/brain injury can be recognized
(Figure 9.11).

The site of impact is characterized by contact
injuries to the scalp (bruising, abrasion and lac-
eration, for example), skull (linear or depressed
fractures) and sometimes cerebral contusion,
although these are less commonly seen when the
impact site is on the back of the head. Intracranial
bleeding, particularly subdural and subarachnoid
haemorrhage may be present and, of particular
significance in interpreting the nature of the head
injury, there are frequently cerebral contusions at
sites distant from the primary impact. Such inju-
ries, called contrecoup contusions, are most com-
monly seen on the under-surfaces of the frontal
and temporal lobes following a fall onto the back
of the head (Figure 9.12). The precise mechanism

Figure 9.10 Microscopy of axonal injury. The immunohisto-
chemical staining of B-amyloid precursor protein (3-APP)
demonstrates axonal injury in white matter (corpus callosum).
Discrete axonal swellings and ‘axonal retraction bulbs’ can be
visualized following traumatic brain injury if the injured person
survived for some hours after sustaining their head injury.
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Scalp injury
(fracture)-
brain damage

(@)
May suffer
secondary fracture

Temporal and
frontal contusion

Scalp injury
(fracture)

(b)

Figure 9.11 Example of sclerotic representation of the
formation of coup and contrecoup brain injury. (a) Impact

to the non-moving head causing coup injuries, and (b) a fall
onto the back of the head — a ‘moving head injury’ — causing
contrecoup injuries.

by which they are caused remains controversial,
suggestions being that they represent the effects
of contact against the irregular surfaces of the
anterior and middle cranial fossae, or perhaps the
effect of differential pressures within the brain fol-
lowing deceleration.

A careful evaluation of the pattern of head/brain
injury is particularly important when a distinction is
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Figure 9.12 Contrecoup contusions on the under-surface of
the brain.

to be made between injuries in keeping with a fall
versus assault; a head that is struck, while in contact
with the ground and not moving, will not generally
be accompanied by contrecoup cerebral injuries.
For reasons that are not altogether clear, but
which may reflect the relative smoothness of the
inner surface of the posterior cranial fossae, falls
onto the front of the head are rarely accompanied by
contrecoup contusions of the occipital lobes or cer-
ebellar hemispheres. Therefore, a definitive opin-
ion regarding the nature of head/brain injuries in a
difficult case will require close clinicopathological
correlation, and an evaluation of witness evidence.

B Neck injuries

The neck s the site of many different types of injury,
some minor, some completely incapacitating. Its
relevance in forensic medicine results from the
presence of a large number of vital structures — the
upper respiratory and gastrointestinal tracts, major
blood vessels, major nerve trunks, the vertebral
column and the spinal cord. It is particularly prone
to injury as a consequence of assault or accidents
as it can be grasped easily and the weight of the




head means that rapid movement of the head on
the neck (e.g. sudden deceleration in a road traf-
fic collision) can result in substantial trauma.
Protection of the integrity of the neck in the living,
following traumatic insults likely to have injured
it, is imperative prior to clinical and radiological
assessment. Layered, dissection of the anterior
(and often posterior) neck structures is an integral
part of the forensic post-mortem examination.

Penetrating trauma — sharp force or ballistic
— to the neck has the potential to injure a vari-
ety of complex structures and requires careful
evaluation in the living as well as at post-mortem
examination. Of particular forensic significance in
incised wounds to the neck is the pattern of injury
(self-inflicted versus assault), the presence of arte-
rial injury capable of explaining ‘arterial spray’ in
blood-staining at the scene of a suspicious death
and venous injury raising the possibility of death
having been caused by cardiac air embolism.

The application of pressure to the neck, whether
it be manual or by means of a ligature, and the pat-
tern of injury seen in such a scenario, is consid-
ered in more detail in Chapter 15, p. 180.

B Spinal injuries

The spine is a complex structure with interlocking
but mobile components. It is designed to flex to a
great extent but lateral movement and extension
are much more limited. The spine is very com-
monly injured in major trauma such as road traffic
accidents or falls from a height, and severe injury
with discontinuity is easily identified. However,
sometimes the spinal injuries are more subtle and
it is only after careful dissection that damage to
the upper cervical spine and, in particular, disrup-
tion of the atlanto-occipital joint will be revealed.

For the survivors of trauma, spinal injuries may
have some of the most crucial long-term effects
because the spinal cord is contained within the
spinal canal and there is little, if any, room for
movement of the canal before the cord is dam-
aged. The sequelae of spinal damage will depend
upon the exact anatomical site and mechanism of
injury.

The type of injury to the spine will depend
upon the degree of force and the angle at which
the spine is struck. A column is extremely strong
in compression and, unless the force applied is so

severe that the base of the skull is fractured, verti-
cally applied forces will generally result in little
damage if the spine is straight. Angulation of the
spine will alter the transmission of force and will
make the spine much more susceptible to injury,
particularly at the site of the angulation.

Force applied to the spine may result in dam-
age to the discs or to the vertebral bodies. The
other major components of the vertebrae - the
neural arches and the transverse processes — are
more likely to be injured if the force of the trauma
is not aligned with the spine.

Whiplash injuries associated with road traffic
fatalities are very common and are caused by hyper-
extension of the neck; hyperflexion is less likely to
cause damage. Hyperflexion injuries can be caused
if heavy weights are dropped onto the back of a
crouching individual; this scenario may be seen
in roof falls in the mining industry. Hyperflexion
injuries are also seen in sports — particularly rugby
scrums and diving. Such injuries can cause fatalities
or substantial disability such as quadriplegia.

Forceful extension of the spine can be seen,
although rarely now, in the cervical injuries asso-
ciated with judicial hanging where there is a long
drop before the sudden arrest and forceful exten-
sion of the neck. Forceful flexion of the spine will
commonly lead to the ‘wedge’ fracture or com-
pression of the anterior aspect of a vertebral body
(Figure 9.13). Lateral forces will lead to fracture

Figure 9.13 Crushed vertebral body as a result of a
hyperflexion injury.
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9 Regional injuries

dislocations where one vertebral body passes
across its neighbour; this displacement will seri-
ously compromise the integrity of the vertebral
canal. Damage to the intervertebral discs can
occur as a solitary lesion or it may be part of a
more complex spinal injury.

B Chest injuries

The chest can be subject to all kinds of injury and
is particularly susceptible to both blunt and pen-
etrating injuries.

Adequate respiration requires freedom of
movement of the chest, functioning musculature
and integrity of the chest wall. Any injury that
impairs or prevents any of these activities will
result in a reduction in the ability to breathe, which
may result in asphyxiation. External pressure on
the chest may result in traumatic asphyxia by
restricting movement; this may occur during road
traffic collisions or following collapse of structures
such as mine tunnels, or buildings in earthquakes.
Pressure on the chest that restricts movement may
also occur if the individual simply gets into, or is
placed into, a position in which the free movement
of the chest is restricted. This positional asphyxia
occurs most commonly in individuals that are ren-
dered immobile through alcohol or drugs and
may be seen following restraint in custodial set-
tings; it may also be seen in the healthy, for exam-
ple, attempting to climb through a small window
to gain access to a property.

Blunt injury may result in fractures of the ribs.
The fracture of a few ribs is unlikely to have much
effect, other than causing pain, in a fit adult. In an
individual with respiratory disease (e.g. chronic
obstructive pulmonary disease) there are greater
risks for the development of respiratory compro-
mise or infection. If there are numerous rib frac-
tures, and particularly if they are in adjacent ribs,
the functional integrity of the chest wall may be
compromised, limiting respiratory capabilities
even in fit individuals. Multiple rib fractures may
result in the so-called ‘flail’ chest and, clinically,
the area of chest around the fractures may be seen
to move inwards on inspiration — paradoxical res-
piration (Figure 9.14). The clinical effects of such
injuries depend on their extent and on the respira-
tory reserve of the individual: an elderly man with
chronic lung disease may be tipped into terminal
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Figure 9.14 Multiple rib fractures (a) following a road traffic
collision. There were many ‘flail’ segments and fractured rib
ends pierced the underlying lung (b).

respiratory failure by injuries that would only be
a painful irritant to a fit young man. Trauma that
has fractured left sided 10th, 11th and 12th ribs
may be substantial enough to cause injury to the
underlying spleen.

Rib fractures may have other more serious
consequences. If the sharp ends of the fractured
bones are driven inwards, they may penetrate the
underlying pleural lining of the chest wall cavity,
or even the underlying lung itself, resulting in a
pneumothorax. If subcostal, or pulmonary, blood
vessels are also injured, the resulting haemor-
rhage associated with the leakage of air will pro-
duce a haemopneumothorax. Pneumothoraces
may also develop if fractured rib margins are
forced outwards through the skin.

Children are, in general, more resilient and
better able to cope with rib fractures. However,
rib fractures in children have a particular place
in forensic medicine, as they can be a marker for
non-accidental injury (see Chapter 7, p. 85 and
Chapter 13, p. 160).



Rib (and sternal) fractures in adults are fre-
quently identified at post-mortem examination
following cardiopulmonary resuscitation (CPR)
or cardiac massage. They are usually located
anteriorly, or laterally, and involve those ribs
underlying the regions that experience most
compression during CPR. They are frequently
symmetrical and, if there has been no survival
following CPR attempts, they lack associated
haemorrhage. Posterior rib fractures, or fractures
of the first rib, for example would be unusual as a
consequence of CPR. The nature of rib fractures,
thought to be related to CPR may become the
subject of argument in court and, in an individual
with a history of chest trauma, who subsequently
receives CPR attempts, microscopic examination
of rib fractures identified at post-mortem exami-
nation — for evidence of ‘healing changes’ — may
be of assistance.

Penetrating injuries of the chest, whether
caused by sharp-force trauma (stab wounds) or
gunshot wounds, may result in damage to any of
the organs or vessels within the thoracic cavities.
The effect of the penetration will depend mainly
upon which organ(s) or vessel(s) are injured.
Penetration of the chest wall can lead to the devel-
opment of pneumothorax, haemothorax or a com-
bination (haemo-pneumothorax).

Injury to the lungs will also result in the devel-
opment of pneumothoraces, and damage to the
blood vessels will result in haemorrhage, which
may be confined to the soft tissues of the mediasti-
num or enter the pleural cavities. Haemorrhage
from penetrating injuries to the chest may remain
concealed with little external evidence of bleed-
ing and it is not unusual to find several litres of
blood within the chest cavity at post-mortem
examination. Following penetrating chest injury,
and when an injured person is capable of pur-
poseful movements following infliction of such
an injury, external blood loss may not be appar-
ent at the locus of infliction of that injury, result-
ing in potential difficulties in the interpretation of
the scene of an alleged assault. It follows that the
lack of any evidence of external bleeding at such
a scene does not imply that infliction of the — sub-
sequently fatal — injury could not have occurred at
that locus. The answer to the question commonly
asked in court, ‘Would you not have expected
immediate bleeding from such a serious injury’,
must be ‘Not necessarily’.

B Abdomen

The anatomy of the abdominal cavity plays a
major role in determining the type of injuries that
are found. The vertebral column forms a strong,
midline, vertical structure posteriorly, and blunt
trauma, especially in the anterior/posterior direc-
tion, may result in compression of the organs lying
in the midline against the vertebral column. This
compressive injury may result in substantial blunt
force injury to intra-abdominal organs, including
bruising (or even transection) of the duodenum
or jejunum, rupture of the pancreas, rupture of the
liver, and disruption of omentum and mesentery
(Figures 9.15 and 9.16).

The forces required to cause these injuries in
an adult must be considered to be severe and
they are commonly encountered in road traffic
collisions. In an otherwise healthy adult, it would
be unusual for a simple punch to the abdomen

Figure 9.15 Mesenteric bruising and laceration following blunt
force trauma in a road traffic collision.

Figure 9.16 Multiple lacerations of the liver following blunt
force abdominal trauma in a road traffic collision.
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9 Regional injuries

to cause significant intra-abdominal injuries,
but kicks and stamps are commonly the cause
of major trauma. The kidneys and the spleen are
attached only by their hila and are susceptible not
only to direct trauma but also to rotational forces
that may result in avulsion from their vascular
pedicles. Blunt trauma to the spleen is sometimes
associated with delayed rupture leading to haem-
orrhage and possibly death some hours or even
days after the injury. Pancreatic trauma may lead
to the development of a pseudocyst, with little or
no short-term or long-term sequelae. Once diag-
nosed the successful treatment of these conditions
may be conservative or surgical.

Abdominal injuries in children may have the
same causes, but the forces required to cause
them will be considerably reduced, and the slower
compressive forces associated with squeezing
of the abdomen during abuse may also result in
the injuries described above. The possibility of
intraabdominal injuries being caused by CPR is
also one that is raised in court, but such instances
of injury to either solid or hollow intra-abdominal
organs in adults or children are very rare.

Penetrating injuries to the abdomen can be the
result of either gunshots or sharp-force trauma.
The effects of these injuries will depend almost
entirely on the organs and vessels involved in the
wound track. A penetrating injury to the aorta, or
inferior vena cava, can result in severe haemor-
rhage and may produce rapid death. Peritonitis
from a ruptured bowel or stomach may not be
recognized until too late, by which time over-
whelming septicaemia will have developed. The
presence of peritonitis and blood clots at post-
mortem are both factors which may give indica-
tions of how long before death intra-abdominal
trauma had occurred.
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B Introduction

The use of firearms as weapons of assault outside
conflict or police settings continues to increase.
Criminals can obtain firearms relatively eas-
ily, whether they are in jurisdictions where fire-
arm possession and use is permitted or not.
Additionally, legally held firearms by civilians
can also cause death and injury for example,
shotguns on farms can be, and have been, used
in suicides. Other legally held firearms have
been stolen and have subsequently been used
in criminal activities. In whichever jurisdiction
the forensic practitioner practices, he or she will
encounter injury and death caused by a wide
variety of firearms.

B Types of firearms

There are two main types of firearm: those with
smooth barrels, which fire groups of pellets or
shot, and those with grooved or rifled barrels,
which fire single projectiles or bullets. The main
types are discussed further in Chapter 23, p. 263.
Both of these types of weapon rely upon the deto-
nation of a solid propellant to produce the gases

Ballistic and
explosive
Injuries

that propel the projectile(s). Air guns and air rifles
form a separate group of weapons that rely upon
compressed gas to propel the projectiles, and
these weapons, together with the more unusual
forms of projectile or firearm, such as the rubber
bullet, nail guns and humane killers, are consid-
ered at the end of this section.

The term ‘Dum-Dum bullets’ relates to the .303
centrefire rifle cartridges with a hollow-point
style bullet that were made at the British arsenal
in Dum Dum, India, in the late nineteenth century.
The use of Dum-Dum and other expanding bullets
was forbidden in wars between signatories of the
Geneva Convention in 1864. This rule was reiter-
ated by subsequent declarations of the Hague
Conferences. It should be noted that the restric-
tions apply to war only and that no restriction
applies to the use of this type of bullet if war has
not been formally declared.

Modern propellants consist of nitrocellulose or
other synthetic compounds prepared as small col-
oured flakes, discs or balls. The process of firing a
bullet or shotgun cartridge is as follows. The firing
pin strikes the primer cup and the primer com-
pound explodes; small vents between the primer
cup and the base of the cartridge case allow the
flame of this detonation to spread to the propellant.
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10 Ballistic and explosive injuries

The propellant burns rapidly, producing large vol-
umes of gas, which are further expanded by the
very high temperatures of the ignition, and it is the
pressure of this gas that propels the shot or bullet
from the barrel.

The speed with which the projectile leaves
the end of the barrel (the muzzle velocity) var-
ies from a few hundred metres per second in a
shotgun to a thousand or more in a high-velocity
military weapon. The energy of the projectile is
proportional to the speed at which it travels and
is calculated from the kinetic energy (/2 MV2) of
the bullet, so higher muzzle velocities are consid-
erably more effective at delivering energy to the
target than larger bullets. The extent of injury, and
wound pattern, created by a firearm is directly
related to the muzzle velocity.

B Gunshot injuries

Discharging a firearm (with the exception of an air
gun) will result in the formation of smoke, flame
and gases of combustion. These exit the barrel,
together with portions of unburned, burning and
burnt propellant and other items such as wad-
ding and plastic containers for the pellets. These
‘contaminants’ will usually follow the projectile(s),
but in some guns they may also precede them.
The distance they will travel from the end of the
muzzle is extremely variable, depending mainly
on the type of weapon and the type of propellant.
They can also escape from small gaps around the
breech and will soil hands or clothing close to the
breech at the time of discharge. The presence,
location and distribution of such contaminants
may have great importance in the forensic investi-
gation of a shooting incident.

Injuries from smooth-
bore guns

Discharge from a cartridge forces pellets along
the barrel by the gases of detonation. The pellets
will leave the muzzle in a compact mass, the com-
ponents of which spread out as it travels away from
the gun. The shot pattern expands as a long, shal-
low cone with its apex close to the muzzle of the
shotgun.The further away from the gun that the vic-
tim is situated, the larger the pellet spread, and the
larger the area of potential damage (Figure 10.1).
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Figure 10.1 Variation in appearance of a shotgun wound at
increasing range of discharge: (a), split wound from contact
over bone; (b), usual round contact wound; 2, close but not
contact range up to approximately 30 cm (variable); 3, ‘rat hole’
(scalloped) wound from 20 cm to approximately 1 m (variable);
4, satellite pellet holes appearing over approximately 2 m;

5, spread of shot increases, central hole diminishes; 6, uniform
spread with no central hole over approximately 10 m. All these
ranges vary greatly with barrel choke, weapon and ammunition.

. 6 5 4 3 2

Figure 10.2 Suicidal twelve-bore shotgun entrance wound,
with soot soiling. The wound shows the outline of the non-fired
muzzle, indicating that the weapon was a double-barrelled
shotgun pressed against the skin at discharge.

Contact wounds are created when the gun
muzzle abuts the skin and usually results in a
circular entrance wound that approximates the
size of the muzzle (Figures 10.2 and 10.3). The
wound edge will be regular and often has a clean-
cut appearance with no individual pellet marks
apparent. There will commonly be smoke soil-
ing of at least some of the margin of the wound.
There may be a narrow, circular rim of abrasion
around some or all of the entrance wound, caused
when the gases of the discharge enter through the
wound and balloon the tissues upwards so that the
skin is pressed against the muzzle. If the discharge
was over an area supported by bone, the gases
cannot disperse as readily as they would in soft,
unsupported areas such as the abdomen, and the
greater ballooning of the skin results in splits of the
skin, which often have a radial pattern. In contact
wounds, any wadding or plastic shot containers



Figure 10.3 Firm contact entrance wound from a twelve-bore
shotgun. Clothing prevented soot soiling, but minor peripheral
abrasions were caused by impact of a belt. Gas expansion in
the distensible abdomen has prevented skin splitting at the
wound edges.

Figure 10.4 Suicidal close range discharge of a twelve-bore
shotgun wound to the chest. This wound has torn a large
ragged defect in the chest wall and there is soot discoloration
at the medial wound edge because of the tangential
orientation of the discharge.

may usually be recovered from the wound track.
The tissues along the wound track may be black-
ened and the surrounding tissues are said to be
pinker than normal as a result of the carbon mon-
oxide contained within the discharge gases.

A close discharge, within a few centimetres
of the surface, will also produce a wound with a
similar appearance, but as there is now room for
muzzle gases to escape, there will be no muzzle
mark. More smoke soiling can occur, and burn-
ing of skin, with singeing and clubbing of melted
hairs, can be seen around the wound (Figure 10.4).
There is also, very commonly, powder ‘tattooing’

Figure 10.5 Abraded bruise surrounding an intermediate-
range homicidal shotgun entrance wound, caused by impact
against the skin from the opening up of the plastic pellet
container. Note the scalloping of the wound edges.

of the skin around the entry wound. This tattooing
results from burnt and burning flakes of propel-
lant causing tiny burns on the skin and cannot be
washed off. As with contact discharges, wads will
generally be found in the wound track.

At intermediate ranges, between 20 cm and
1 m, there will be diminishing smoke soiling and
burning of the skin, but powder tattooing may
persist. The spread of shot will begin, first causing
anirregular rim to the wound. This is often called a
‘rat-hole’ because of the appearance of the wound
edge; the term ‘scalloping’ may also be used.
Separate injuries caused by the wads or plastic
shot containers may be seen (Figure 10.5).

At a range of over 1 m, smoke damage and tat-
tooing generally do not occur and injuries caused
atlonger ranges will depend upon the spread of the
shot, which in turn is dependent upon the construc-
tion of the barrel. With a normal shotgun, satellite
pellet holes begin to be seen around the main cen-
tral wound at a range of about 2-3 m (Figure 10.6).

It is important to measure the spread of the
shot so that if the weapon is recovered, test firings
using identical ammunition can be performed to
establish the range at which a particular spread
of shot will occur. Estimates based on generaliza-
tions about the ratio of the diameter of this spread
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10 Ballistic and explosive injuries

Figure 10.6 (a) Distant-range shotgun entrance wound, with

a central hole surrounded by peripheral satellite pellet holes.

This wound was caused by discharge from approximately 4 m;
measurement of shot-spread can be compared with that created
from test-firing the suspect weapon and ammunition to provide
a more accurate assessment of range of fire. (b) Shotgun pellet
injury to skin from discharge about 12 m away.

to the range are unreliable. When examining this
type of wound, it is appropriate to consult a bal-
listics expert who could assist in determining the
different physical characteristics observed regard-
ing the calibre, type and condition of ammunition
and of the firearm itself (i.e. a full-length or sawn-off
shotgun).
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Figure 10.7 Suicidal twelve-bore shotgun entrance wound in a
‘site of election’” under the chin. The circular soot discoloration
on the skin surface indicates a very close (or even ‘loose’
contact) discharge. Note the extensive destruction reflecting the
explosive effect of shotgun discharges to the head.

At long ranges, such as 20-50 m, there is a uni-
form peppering of shot, and this is rarely fatal
(Figure 10.6b).

Shotguns rarely produce an exit wound when
fired into the chest or abdomen, although single
pellet exit wounds can occasionally be seen. Exit
wounds can be seen when a shotgun is fired into
the head, neck or mouth. The exit wound in these
cases may be a huge ragged aperture, especially
in the head, where the skull may virtually explode
with the gas pressure from a contact wound, eject-
ing part or even all of the brain from the cranial
cavity (Figure 10.7).

Wounds from rifled weapons

Bullets fired from rifled weapons, generally at a
higher velocity than pellets from a smooth-bore
weapon, will commonly cause both an entry and
an exit wound. However, many bullets are retained
within the body because they did not possess
enough energy to complete the passage through
it, or energy was expended on contact with other
structures (e.g. bone).

Entrance and exit wounds

Contact wounds from a rifled weapon are gener-
ally circular, unless over a bony area such as the
head, where splitting caused by the propellant
gas is common. There may be a muzzle mark on



the skin surface if the gun is pressed hard against
the skin, and a pattern may be imprinted from a
fore-sight or self-loading mechanism. There may
be slight escape of smoke, with some local burn-
ing of skin and hair, if the gun is not pressed tightly.
Bruising around the entry wound is not uncommon
(Figures 10.8 and 10.9).

At close range, up to about 20 cm, there will
be some smoke soiling and powder burns, and
skin and hair may be burnt, although this is very
variable and depends upon both the gun and the
ammunition used. The shape of the entry wound

Figure 10.8 Close-range gunshot entrance wound from a
pistol, with powder tattooing on the adjacent skin. The eye
is blackened as a result of bleeding ‘tracking’ down from
fracturing of the anterior cranial fossa in the skull base.

Figure 10.9 Suicidal contact gunshot entrance wound to the
temple. The skin is burnt and split because of the effects of the
discharge products.

gives a guide to the angle that the gun made with
that area of skin: a circular hole indicates that the
discharge was at right angles to the skin, whereas
an oval hole, perhaps with visible undercutting,
indicates a more acute angle.

Examination of the entry wound will show that
the skinisinverted;the defectis commonly slightly
smaller than the diameter of the missile because
of the elasticity of the skin. Very commonly, there
is an ‘abrasion collar’ or ‘abrasion rim’ around the
hole, which is caused by the friction, heating and
dirt effect of the missile when it indents the skin
during penetration. Bruising may or may not be
associated with the wound.

Over 1 m or so, there can be no smoke soiling,
burning or powder tattooing. At longer ranges
(which may be up to several kilometres with a
highpowered rifle), the entrance hole will have
the same features of a round or oval defect with an
abrasion collar (Figure 10.10). At extreme ranges,
or following a ricochet, the gyroscopic stability of
the bullet may be lost and the missile begins to
wobble and even tumble, and this instability may
well result in larger, more irregular wounds.

The exit wound of a bullet is usually everted
with split flaps, often resulting in a stellate appear-
ance (Figure 10.11).No burning, smoke or powder
soiling will be evident. If the bullet has been dis-
torted or fragmented, or if it has fractured bone,
the exit wound may be considerably larger and
more irregular, and those fragments of bullet or
bone may cause multiple exit wounds, potentially
leading to difficulties in interpretation.

Figure 10.10 Circular distant gunshot entrance wound from
a rifle bullet. There is no associated soot soiling or burning of
the wound edges, with only minimal marginal abrasion and
bruising.
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10 Ballistic and explosive injuries

Figure 10.11 Typical exit wound with everted, split edges, with
no soiling of the surrounding skin.

Where skin is firmly supported, as by a belt,
tight clothing or even a person leaning against
a partition wall, the exit wound may be as small
as the entrance and may fail to show the typical
eversion. To increase the confusion, it may also
show a rim of abrasion, although this is commonly
broader than that of an entry wound.

The internal effects of bullets depend upon
their kinetic energy. Low-velocity, low-energy
missiles, such as shotgun pellets and some
revolver bullets, cause simple mechanical dis-
ruption of the tissues in their path. High-velocity
bullets, however, cause far more damage to the
tissues as they transfer large amounts of energy,
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which results in the formation of a temporary
cavity in the tissues. This cavitation effect is
especially pronounced in dense organs, such
as liver and brain, but occurs in all tissues if the
energy transfer is large enough and can result
in extensive tissue destruction away from the
wound track itself. With all bullet wounds, it is
important that the pathologist records the wound
path through the body so as to assist in the bullet
trajectory analysis and the reconstruction of the
shooting incident.

M Air weapons,
unusual projectiles
and other weapons

Air guns and rifles

Air weapons rely upon the force of compressed
air to propel the projectile, usually a lead or
steel pellet although darts and other projectiles
may be used. There are three common ways
in which the gas is compressed. The simplest
method employs the compression of a spring
which, when released, moves a piston along a
cylinder; more powerful weapons use repeated
movements of a lever to pressurize an internal
cylinder. The third type has an internal cylinder
which is ‘charged’ by connecting it to a pressur-
ized external source. The barrel of an air weapon
may or may not be rifled; the more powerful
examples have similar rifling to ordinary hand-
guns and rifles.

The energy of the projectile will depend
mainly on the way in which the gas is compressed,
the simple spring-driven weapon is low powered,
while the more complex systems can propel
projectiles with the same energy, and hence at
approximately the same speed, as many ordinary
handguns.

The injuries caused by the projectiles from air
weapons will depend upon their design, but entry
wounds from standard pellets are often indistin-
guishable from those caused by standard bullets
in that they have a defect with an abrasion rim.
The relatively low power of these weapons means
that the pellet will seldom exit, but if it does do
so, a typical exit wound with everted margins will
result.



Miscellaneous firearms

and weapons

A number of other implements may fulfil the cri-
teria for firearms while others may mimic their
effects. It is appropriate to have a knowledge of
such implements to take their possible effects
into consideration when determining injury
causation.

In public disorder situations, where law
enforcement or security forces are involved, plas-
tic rounds (also known as rubber bullets, baton
rounds and attenuating energy projectiles) may
be fired from specially adapted guns, for crowd
control purposes. The purpose of these weapons is
to disable and discourage rioters but not to kill or
seriously injure them (see also Chapter 11, p. 141).
The plastic rounds are about 10 cm long, 3.5 cm
in diameter and weigh about 130 g. They should
not be fired at ranges less than about 20 m and
should only be fired at the lower part of the body.
Some deaths, and many serious injuries, including
fractures of skull, ribs and limbs, eye damage and
internal injuries have occurred, and these are usu-
ally associated with improper use. The mark left
on the skin surface by a plastic round is usually
distinctive.

Injuries and deaths from nail guns are well
recorded. Nail guns are devices used in the build-
ing industry to fire steel pins into masonry or tim-
ber by means of a small explosive charge. They
have been used for suicide and even homicide,
but accidental injuries are more common. The skin
injury often appears similar to many small-calibre
entry wounds, although the finding of a nail will
usually solve the diagnostic problem.

Humane killers are devices used in abattoirs,
and by veterinary surgeons, to kill animals for
slaughter. They may fire either a small-calibre bul-
let or a ‘captive bolt’, where a sliding steel pin is
fired out for about 5 cm by an explosive charge.
The skin injury will depend on the type of weapon
used. These weapons have been used for both
homicide and suicide, but accidental discharges
are also recorded and may cause serious injury
or death.

Bows and crossbows are used recreationally
but may also be used as weapons of assault. These
weapons fire arrows or bolts, which are shafts of
wood or metal with a set of flights at the rear to
maintain the trajectory of the projectile. The tips of

these projectiles may have many shapes from the
simple point to complex, often triangular, forms.
The energy produced is extremely variable,
depending on the construction of the weapon.The
injuries caused depend on the energy of the pro-
jectile as well as on its construction. However, if
the projectile has a simple pointed tip, and if it has
been removed from the body, the entry wounds
can appear very similar to those caused by stand-
ard bullets, with a central defect and surrounding
abrasion rim.

B Determination of
accident, suicide
or murder

The determination of the circumstancesinwhichan
individual has died from a firearm injury is crucial.
Death investigators, including pathologists, must
be aware of the potential for ‘staging’ of homicide
in order to give the appearance of death having
occurred as a result of accident or suicide. Visiting
the scene can assist in putting the injuries in the
correct context. Those who have killed themselves
must generally have wounds the site and range of
which are within the reach of the deceased’s arm,
unless some device has been used to reach and
depress the trigger. The weapon must be present
at the scene, although it may be at a distance from
the body because it may have been thrown away
from the body by recoil, or by movement of the
individual if death was not immediate. It may be
expected that the deceased’s DNA or fingerprints
will be present on the weapon (unless gloves were
worn). Suicidal gunshot injuries are most com-
monly in the ‘sites of election’, which vary with the
length of the weapon used.

Both long-barrelled and short-barrelled weap-
ons can be used in the mouth, below the chin, on
the front of the neck, the centre of the forehead or,
more rarely, the front of the chest over the heart.
Discharges into the temples are almost unique to
handguns and are usually on the side of the domi-
nant hand, but this is not an absolute rule. People
almost never shoot themselves in the eye or abdo-
men or in inaccessible sites such as the back. It
is unusual for females to commit suicide with
guns and females are rarely involved in firearms
accidents.
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10 Ballistic and explosive injuries

If suicide can be ruled out by the range of
discharge, by absence of a weapon or by other
features of the injury or the scene, a single gun-
shot injury could be either accident or homi-
cide. Multiple firearm wounds strongly suggest
homicide. However, there have been a number
of published reports of suicidal individuals who
have fired repeatedly into themselves even when
each wound is potentially fatal. The distinction
between homicide, suicide and accident can
sometimes be extremely difficult and a final con-
clusion can only be reached after a full medico-
legal investigation.

It is as unwise to state that a gunshot wound,
as with any other sort of injury, must have been
immediately fatal. It is most likely that severe
damage to the brain, heart, aorta and any num-
ber of other vital internal organs will lead to rapid
collapse and death; however, many forensic prac-
titioners will have seen cases of survival (some-
times long-term) following a contact discharge of
a firearm into the head.

B Evidence recovery

In the living, all efforts must be directed to sav-
ing life but, if at all possible, the emergency medi-
cine specialist, and surgeon, should make good
notes of the original appearances of the injuries
and preferably take good-quality images before
any surgical cleaning or operative procedures are
performed. Any foreign objects such as wads, bul-
lets or shot, and any skin removed from the mar-
gin of a firearm wound during treatment, should
be carefully preserved for the Gardai. Ideally, the
Gardai should be contacted (with the individual’s
consent) should surgical intervention be required
so that a ‘chain of custody’ for evidence can be
established.

Those arrested for possible involvement in fire-
arms offences will need detailed examination
and taking of samples, including skin and hand
swabs, and nasal samples, to identify any firearms
residue.

The same general rules apply to the post-
mortem recovery of exhibits. The skin around the
wounds may be swabbed for powder residue if
this is considered to be necessary, but the reten-
tion of wounds themselves is no longer consid-
ered to be essential. Swabs of the hands of the
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victim should be taken. The pathologist must
ensure that accurate drawings and measurements
of the site, size and appearance of the wound are
obtained and that distant and close-up photo-
graphs are taken of each injury with an appropri-
ate scale in view.

In many countries, all firearm wounds, whether
or not they are fatal, must be reported to the
police, irrespective of the consent of the injured
individual.

B Explosives

Armed conflict,and terrorist activity, leads to many
deaths from explosive devices. Terrorist activity is
now present in many countries and therefore there
has been an increase in the experience of medi-
cal personnel in the assessment and treatment of
explosive injuries.

In an explosion, the release of energy may
be so great that death and disruption from blast
effects occur over a wide area. However, the
energy generated by an explosion decreases
rapidly as the distance from the epicentre
increases. For example, due to confusion over
bomb warnings, people were not evacuated away
from the danger area in Omagh, Northern Ireland
in 1998. Instead, people were moved towards the
area where the 500-pound car bomb was. When
it detonated, it resulted in the deaths of 29 peo-
ple (including a woman pregnant with twins). The
IRA’s 1996 Manchester bomb was 3,300 pounds
and was contained in a lorry. The emergency ser-
vices had enough time to evacuate the area up to
about a quarter of a mile away from the danger
area. When the bomb detonated, there were no
fatalities but it resulted in injuries to 212 people
as they were showered with glass and debris,
even though they were quite some distance away.
It also caused £700 million worth of damage,
destroyed a number of buildings and created a
mushroom cloud that rose approximately 300
meters into the air.

When an explosion occurs, a chemical inter-
action results in the generation of huge volumes
of gas, which are further expanded by the great
heat that is also generated. This sudden genera-
tion of gas causes a compression wave to sweep
outwards; at the origin, this is at many times the
speed of sound.




The pure blast effects can cause either physi-
cal fragmentation or disruption of the victim or
bomber solely from the effects of the wave of high
pressure and hot gases striking the body. A mini-
mum pressure of about 700 kPa (100 lb/inch?) is
needed for tissue damage in humans. There will
also be pressure effects upon the viscera and
these effects are far more damaging where there
is an air—fluid interface, such as in the air passages,
the lungs and the gut. Rupture and haemorrhage
of these areas represent the classical blast lesion.

Although the primary effect of blast is large, in
most cases many more casualties, fatal and other-
wise, are caused by secondary effects of explosive
devices, especially in the lower-powered terrorist
bombs. These secondary effects include:

B burns - directly from the near effects of the
explosion and secondarily from fires started
by the bomb;

B missile injuries from parts of the bomb casing,
contents or shrapnel or from adjacent objects;

B peppering by small fragments of debris and
dust propelled by the explosion;

B various types of injury owing to collapse of
structures as a result of the explosion;

B injuries and death from vehicular damage or
destruction, such as decompression, intrusion
of occupant space, fire and ground impact of
bombed aircraft and crash damage to cars,
trucks, buses, etc.

The investigation of bombing is a huge, and tech-
nically complex exercise with a number of factors
to be considered, including preservation of life
and evacuating casualties, frequently confound-
ing the required process of establishing a crime
scene (or scenes) for the identification, sampling
and preservation of evidence.

Examination of either the living or the dead
following an explosion is essential, with careful
documentation of the sites and sizes of all inju-
ries. Post-mortem radiology is essential, in order
to identify unexploded ordinance, and items
comprising components of the explosive device.
Identification of deceased individuals is impor-
tant, not only ethically, but also to enable the rel-
evant medico-legal authority to discharge their
responsibilities. The identity of suicide bomb-
ers, whose bodies are frequently extensively dis-
rupted following the explosion, may be extremely
challenging (Figures 10.12 and 10.13).

Figure 10.12 Multiple abrasions and lacerations caused by
flying debris projected in a bomb blast.
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Figure 10.13 Massive disruption of the body of an individual
who had constructed an explosive device.
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B Use of force

The need at certain times for restraint techniques
to control groups of individuals or others who are
violent or suffering from acute behavioural dis-
turbance is one that requires a sensitive balance
between duty of care and safety and security
of those being restrained, and the type or means
of restraint to secure that control. The term ‘use of
force continuum’ refers to standards that provide
law enforcement or security personnel (e.g. police
or prison officers) with clear guidelines as to how
much force may be used against a non-compli-
ant subject in a given situation. The purpose of
a defined ‘use of force continuum’ is to clarify for
those restraining, those restrained and the public
in general, the means by which control may be
properly and appropriately achieved. Most police
or law enforcement agencies will have a published
policy which will vary in nature. Such policies will
define appropriate actions in response to actual or
perceived threat (e.g. verbal or physical violence)
and other factors (e.g. safety of others, presence of
weapons). Hand in hand with this recognition of the

Use of force
and restraint

need for appropriate response is the development
of less-lethal weapons that can incapacitate or con-
trol with less likelihood of a fatal outcome, such as
baton rounds and conducted electrical weapons.

In Ireland, An Garda Siochana may be required
to use force to achieve a lawful objective. For
example, they can use force to make an arrest, to
act in self-defence or to protect others. The defi-
nitions and legal basis for the use of force are
found in sections 18 — 20 of the Non Fatal Offences
Against the Person Act, 1997. It is important to
note that all force used must be “reasonable in
the circumstances” as the Gardai believes them to
be. The use of force must be proportionate to the
objective that is sought. Factors that may assist in
establishing whether or not the use of force was
reasonable can include:

B Was the use of force in accordance with sec-
tion 18 or 19 of the Non Fatal Offences Against
the Person Act, 19977

B Was the degree of force used proportionate in
the circumstances?

B What other options were considered?
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B If other options were available, why were they
discounted?

B Was the method of applying force in accor-
dance with training instructions?

If it is judged that force used was not reasonable,
the Gardai involved would be open to criminal
or disciplinary proceedings, or both. Excessive
use of force by Gardai can engage Article 3 of the
European Convention of Human Rights. Such an
excessive use of force could constitute a violation
of the human rights of the person against whom
the force was used and the State would have to
provide a detailed explanation as to what had
occurred. For example, in Timurtas v Turkey the
European Court of Human Rights stated;

Where an individual is taken into custody in
good health but is found to be injured at the
time of release, it is incumbent on the State to
provide a plausible explanation of how those
injuries were caused, failing which an issue
arises under Article 3 of the Convention.

Similarly, in Ribitsch v Austria the Court stated
that:

In respect of a person deprived of his liberty,
any recourse to physical force which has not
been made strictly necessary by his own con-
duct diminishes human dignity and is in prin-
ciple an infringement of the right set forth in
Article 3 of the Convention.

B Conflict resolution

Any law enforcement officer involved in restraint
control or public order setting should have an
understanding of conflict resolution and the fac-
tors that will affect how individuals respond to
certain threats or actions. It is important that all
progression or escalation of force is seen to be
reasonable in order that any adverse outcome
may be justified at a later date. The offender
behaviour is characterized in a number of ways
from that of compliance, to verbal and gestured
responses, passive resistance, active resistance,
assault and aggression to the most serious cate-
gory, aggravated aggression (which may involve
the use of weapons). Many factors may affect the
subsequent behaviour of an individual and how an
officer responds (Box 11.1).
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Box 11.1 Conflict resolution: some

factors affecting the behaviour of an
individual and how an officer responds

Presence of an imminent danger
Comparative ages

Sex and size

Strength

Skills

Specialist knowledge

Presence of drugs or alcohol
Mental state

Relative position of disadvantage
Injury

Number of individuals involved
Whether weapons are present
Officer’s overall perception of the situation

A wide variety of techniques, implements and
weapons may be used for control and restraint.
Some may cause injury and some, either through
inappropriate use, or some other circumstance,
may result in complications. Doctors, particularly
forensic physicians and emergency medicine
specialists may become involved in the assess-
ment of the medical consequences of controlling
or restraining people. This may be with respect
to medical management and documentation of
injuries. In some situations there is the potential
for serious injury or even death. The principles
involved in the documentation of any injury (see
Chapter 8) should apply as the techniques used
may become the focus of attention in criminal
or coroner’s inquest, civil claims or disciplinary
hearings. The history from the injured person may
need further clarification by direct communica-
tion with the restraining personnel concerned.
Review of available CCTV or video recordings
may be relevant.

B ‘Empty hands’ -
unarmed restraint

A variety of arm locks and holds, pressure-point
control and knee and elbow strikes may be used.
If excessive force is used, either directly by the
officer or as a result of the restrained person mov-
ing, joints such as the wrist, elbow or shoulder can
be strained to varying degrees. Other soft tissue
injuries may be found.




Neck hold and neck restraints are discouraged
by the Gardai, as there is believed to be a clear
risk of serious injury or fatality from neck com-
pression. This approach is not world-wide and a
number of agencies train in specific types of neck
hold. If an individual is restrained in such a hold
the neck and head should be examined care-
fully for signs of injury. Examination for petechial
bruising is mandatory in the skin of the head, neck,
face, ears and scalp, the intraoral mucosa and the
eyes (Figure 11.1; see also Chapter 15, p. 181).
Clothing can be grabbed in a scuffle and the tight-
ening, mock-ligature effect of this can cause linear
or patchy type bruising around the neck.

Restraint asphyxia occurs as a result of the
individual being held down and being unable to
maintain adequate respiratory movement either
because of the chest and/or the diaphragm being
splinted. Risk factors include lying prone, inability
to change position, obesity.

B Handcuffs

Three main means of handcuffing individuals
exist: traditional handcuffs with two wrist pieces
connected by a short chain; rigid cuffs whereby
the two wrist pieces are connected by a bar and
cannot move in relation to each other; and plas-
ticuffs — in effect larger size cable ties which are
easy to store and easy to apply but less secure
than the first two types. The fixed connecting bar
of the rigid handcuffs allows controlled applica-
tion of force across the wrist to gain control. Once
applied, simple pressure against the wrist allows
the single bar of the cuffs to release over the top of

Figure 11.1 Scleral haemorrhage 2 hours after neck
compression in a restraint setting.

the wrist and close with a ratchet mechanism. If the
individual is non-compliant and continues moving
the handcuffs can progressively tighten causing
increasing pain and potentially increasing the
risk of neurological and skin damage. A number
of injuries may be caused by handcuff application.
Soft tissue injuries may be produced by move-
ment of the wrist within the handcuff, movement of
the handcuff on the wrist or by the handcuff being
too tight. The commonest injuries are blunt force
injuries of reddening, abrasions and bruising,
particularly to the radial and ulnar borders of the
wrists. Superficial cuts, from the edge of the cuff,
may be present in the same locations. Numbness
or hyperaesthesia in the distribution of the cuta-
neous nerves distal to the applied cuff are not
uncommon. Specific handcuff neuropathies may
be caused and single or multiple nerves may be
affected, the extent being determined by a num-
ber of factors including the tightness of compres-
sion, the length of time compression has occurred
and the degree of resistance by the detainee.

In most cases the damaged nerves fully recover
within a few weeks. Persistence of symptoms may
require nerve conduction studies.

It is rare for handcuffs to cause fractures of the
wrists secondary to the use of handcuffs. However,
they should be considered when there is marked
tenderness, loss of movement or extensive bruis-
ing. The most vulnerable parts of the wrist are
the styloid processes, particularly on the ulna
(Figure 11.2).

B Batons

Law enforcement and security agencies com-
monly use batons to gain control. In Ireland, there
is one type of baton generally used by Gardai: the
three-part gravity frictionlock baton made of steel.
The baton is an expandable baton with two tel-
escopic tubes that extend to a locked format with
the flick of the user’s wrists (e.g. the Armament
Systems and Procedures type called the ASP see
Figure 11.3). Batons can be used for defensive
and offensive activities: the long portion can be
used for a direct strike, the baton can be held at
both grip and long end and used to push back an
individual and both ends can be used to the front
and back to jab against someone else. The poten-
tial for injury will vary with the amount of energy
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(b)

Figure 11.2 Handcuff injuries. (a) Imprint of handcuff following
tight, prolonged application; (b) bruise, abrasion, laceration
and underlying ulnar fracture following struggle after handcuff
applied.

transferred in a baton strike. Batons used in crowd
control situations are heavier still and even more
likely to cause significant injury.

When batons are deployed there are certain
body targets that are classified into low, medium
and high risk of injury areas. Areas of low injury
potential (and thus primary targets) are legs (in
the areas of the common peroneal, femoral and
tibial nerves) and arms (in the areas of the radial
and median nerves). Anticipated possible medi-
cal complications of strikes in these areas include
transitory bruising of the target area and transitory
motor dysfunction of the affected limb.The medium
injury potential areas (and therefore not primary
targets) are knees and ankles, wrist, elbow, hands,
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Figure 11.3 ASP baton. (a) Fully extended and extended and
(b) non-extended expandable.

upper arms and the clavicles. Anticipated possi-
ble medical complications include bone fractures,
dislocation and soft tissue damage. Higher injury
potential areas (and which should not be targeted)
are the head, neck/throat, spine, loins (kidneys)
and abdomen (small bowel, stomach, liver, pan-
creas). Anticipated complications include damage
to vital organs, which could lead to serious injury or
fatalities. Injuries from a baton strike will embrace
the range of blunt force injury including bruis-
ing, in particular tramline bruising. Circular pat-
terned bruising can occur as a result of someone
being struck by the end of the baton (Figure 11.4).
Lacerations may be caused by baton blows over
bony surfaces. Fractures are rare but can occur, for
example from direct impact to the ulna.

B Irritant sprays

Irritant sprays use a variety of agents to render
individuals or groups of individuals temporar-
ily incapable of purposeful action. In Ireland, the




Figure 11.4 Baton imprint.

Gardai use OC (from ‘“Oleoresin Capsicum”)
incapacitant spray, commonly referred to as pep-
per spray. It is intended to be directed towards
the eyes where it causes extreme discomfort and
closure. Effects on eyes, respiratory system, mouth
or skin that last for >6 hours should generally
be referred for specialist assessment. The most
important action is to stop continued exposure by
removal of the affected individual from the con-
taminated environment to a well-ventilated area,
preferably with a free flow of air and removal of
contaminated clothing. Each exposed individual
should be fully examined with particular refer-
ence to eyes, oral and nasal cavity, respiratory
system and skin.

CS irritant spray is another spray that police
forces commonly use, including the Police Service of
Northern Ireland). CS spray, o-chlorobenzylidine
malonitrile, is a solid at room temperature but is
dissolved in an organic solvent — methyl iso-butyl
ketone (MIBK) — to be used as a liquid aerosol.
This is used to spray the face of a person from up
to 3-4 m away, delivering CS to the eyes, nose and
mouth causing immediate irritation to the eyes,
upper respiratory tract and skin (Figure 11.5). The
main symptoms are lacrimation, eye pain, blepha-
rospasm, conjunctival reddening and photophobia;
stinging or burning in the mouth; pain in the nose,
sneezing, coughing, and rarely other respiratory
symptoms similar to asthma attacks. The skin will
experience a burning sensation and reddening.
In some cases the symptoms and signs are short-
lived, resolving over two hours although for many
others, the effects may be prolonged. About 10% of

Figure 11.5 Example of CS spray containers.

Figure 11.6 Examples of baton rounds.

people sprayed are not incapacitated by exposure.
It is not possible to predict who will respond and
who will not.

B Baton rounds and
rubber bullets

Baton rounds/rubber bullets/plastic bullets/atten-
uating energy projectiles (AEP) (the namesare used
interchangeably) refer to assorted devices that are
intended to incapacitate but not kill (Figure 11.6).
Baton rounds have two roles: public order and as
another option to the use of conventional firearms
against individuals armed with bladed weapons.
For use in public order role, the normal operating
range is 20-40 m (See also Chapter 10, p. 133). For
use as a less lethal alternative to firearms, it may
be used at 1 m range. Because of their size and
profile they are only accurate at short distances
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and the projectiles are prone to tumble after dis-
charge, decreasing their accuracy. Deaths from
baton rounds are uncommon and principally result
from head and chest trauma. Impact to the lower
torso and limbs results in bruising, abrasions and
occasionally skin lacerations. There is a very low
reported frequency of intra-abdominal trauma.
Fractures to limbs do occur occasionally. The chest
is regarded as a vulnerable area and although
the system has been designed to avoid impact
to this region, these may occasionally occur in
operational practice; rib fracture and pulmonary
contusion may occur. In order to minimize seri-
ous complications guidelines on firing must be
adhered to. During 35 years of conflict in Northern
Ireland (1970-2005) baton rounds were frequently
used (approximately 125,000 were fired), resulting
in 17 deaths, the last being in 1989. Bean bag (flex-
ible baton) projectiles have also been deployed
(Figure 11.7) but they are rarely used.

B Dogs

Trained dogs from law enforcement agencies are
capable of restraining and detaining individuals
who need to be controlled. In some cases dogs
can bite. These all require medical assessment as
there may be, dependent on the site and degree
of injury, risk of infection, neurological or vascular
injury. In some circumstances bites may of such a
degree that soft tissue defects requiring surgical
intervention may be created. On occasions, there
may be dispute about the source of bite injury

and a forensic odontologist may be required to
provide a definitive opinion.

B Conducted
energy weapons

Conducted energy weapons (or conducted
energy devices) have been developed and are
part of the use of force continuum with a specific
aim of providing a less lethal option of incapaci-
tation. The most widely used by law enforce-
ment agencies is the Taser® (Thomas A Swift’s
Electrical Rifle) developed around three decades
ago. In Ireland, ordinary members of the Gardai
are not equipped with Tasers but the Garda
Emergency Response Unit is equipped with the
Taser X26 since 2008. The Taser® X26™ (Taser
International, Inc., Scottsdale, AZ, USA) generates
a 19 Hz, 5-second train of 100-u second electrical
pulses (Figure 11.8). These pulses are delivered

Figure 11.7 Bean bag round.
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Figure 11.8 (a) Taser® X26™ and (b) barbs.



to the body either by two propelled barbs (which
embed in clothing or skin but remain connected
to the handset by conductive wire) or by direct
contact of the handset’s electrodes (drivestun).
The effect of the discharge depends on the
mode of use. Because of the small separation of
the electrodes in drive-stun mode, the principal
action of the Taser® is to induce pain. When the
barbs are propelled, the greater barb separation
allows the discharge to induce involuntary (and
painful) contraction of skeletal muscle that results
in temporary immobilization. Such effects are
almost instantaneous with only a slightly slower
recovery.

The neuromuscular stimulation caused by the
electrical current is painful and fatiguing. The
barbs can penetrate bare skin to a maximum depth
of 0.6 cm and are easily removed by supporting
the skin around the barb and applying gentle trac-
tion. A case has been reported which shows that a
Taser® barb can penetrate the skull and injure the
meninges and underlying brain. A Taser® injury
around the orbits should raise the suspicion of a
penetrating ocular injury. Any suspicion of such an
injury requires referral to an ophthalmic surgeon
as a matter of urgency. In such cases, removal of
the Taser® barb may be required in an operat-
ing theatre under general anaesthesia. ‘Electrical’
cataract has been documented following use of
Tasers. Secondary injury may result if a Tasered
individual falls in a semi-controlled fashion as a
result of their generalized involuntary muscular
contractions. This can lead to soft tissue injuries,
such as bruising or abrasions, but an uncontrolled
fall from other situations or onto other objects
has caused more serious injuries, including fatal
head injuries. Rhabdomyolysis has been reported.
Vertebral compression fractures have been docu-
mented following Taser® discharge, caused by
either muscle contraction or fall. There is a poten-
tial risk of damage or disturbance to implanted
electrical devices such as a pacemaker which may
misinterpret electrical signals. A newer extended
range device is now available — the Taser® XREP™
cartridge which is a self-contained, wireless elec-
tronic control device (ECD) that deploys from a
12-gauge pumpaction shotgun. It is supposed to
deliver a similar neuromuscular bioeffect as the
Taser® X26™ but can be delivered to a maximum
effective range of 100 feet (30.48 m), combining
blunt impact force (Figure 11.9).

Figure 11.9 (a) Taser® XREPTM contact device and
(b) projectile.

Such devices can assist in the safe and proper
enforcement of law. However, it is important that
any current and new technologies being intro-
duced as less lethal options are appropriately
and robustly tested and scrutinized in a scientifi-
cally credible manner to reassure a sometimes
appropriately cynical and sceptical general
public.
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B Introduction

Adults and children, males and females may all be
victims of sexual assault. Most victims are female
but alarge minority, perhaps 10%, are male. Sexual
assault occurs within families or may be by stran-
gers and may be associated with crimes against
humanity, war crimes and genocide. The Gardai
recorded 2,052 sexual offences in Ireland for 2011.
These figures almost certainly underestimate the
true incidence of such events as not all incidences
of sexual assault are reported to Gardai. It is esti-
mated that 6% of adult women and 1% of adult
men in Ireland are raped as adults with an addi-
tional 13% of women and 9% of men experiencing
other forms of contact sexual abuse.

B Examination
requirements

It is important the complainants of sexual assault
are examined by competent, sympathetic sexual
offence examiners; these are generally physi-
cians with a special interest in forensic aspects of
medicine. Complainants (and suspects of sexual
assault) should be offered the choice of a doctor of

Sexual assault

their own gender. Sexual Assault Referral Centres
(SARCs) or Sexual Assault Treatment Unit (SATUs)
in Ireland are specialist centres for assessment
of complainants of rape and other forms of sex-
ual assault. SATUs are, or have been, created in
most countries. They provide appropriate assess-
ment and sampling following the initial assault,
and post-assault care with regard to issues such
as genitourinary health, contraception and coun-
selling. Emergency contraception may involve
use of the oral contraceptive or insertion of an
intrauterine device. Prevention of sexually trans-
mitted infection, for which there is a huge range
of potential risk, will require appropriate pre-
scribed medication for which standard prophy-
lactic/therapeutic regimens will apply. Infection
by the human immunodeficiency virus (HIV) is of
great concern and specialist advice may need to
be sought regarding post-exposure prophylaxis.
Hepatitis B is a significant risk following male
rape and that risk increases with additional fac-
tors such as multiple assailants, intravenous (IV)
drug use, or high prevalence area. Some 516 men
and women attended Sexual Assault Treatment
Units for care in Ireland in 2009.

Many SATUs also allow complainants who do not
wish to involve the authorities. However, in Ireland,
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while such cases will be seen at the SATU for reas-
surance and provision of appropriate care, there
is no facility to take and store forensic specimens
should the patient subsequently decide to involve
the Gardai. For this reason, patients are advised
to report to the Gardai in the first instance, before
the forensic evidence deteriorates. In some other
countries, patients can attend the SATU where the
anonymized assessment and collection of samples
will be held, so that a complainant may later pro-
ceed with police investigation if they change their
mind.

B Definitions and the law

Each jurisdiction had its own laws or statutes relat-
ing to sexual assault. In Ireland the relevant leg-
islation is the Criminal Law (Rape) Act 1981 and
the Criminal Law (Rape) (Amendment) Act 1990.
The circumstances of the case, age of the victim
and the evidence will decide which legislation
applies. Key definitions and offences from this Act
are listed in Box 12.1.

B Medical assessment

Medical assessments of sexual assault complain-
ants and suspects are to identify and treat injury
or other risk issues (e.g. infection), and to identify
and collect evidence that may assist the courts to
establish the facts of the case.The medical and sci-
entific evidence may help confirm, or corroborate,
the account of either the complainant or suspect.
In many cases the medical evidence is neutral and
the issue of consent is the determination the court
has to make.

In some cases the need for urgent medical
care because of injury overrides the immediate
need for a sexual assault examination. Healthcare
aspects have priority. Wherever possible, exami-
nations should be undertaken at the earliest
opportunity in order to ensure best opportunities
for evidential sampling.

It is essential that the examining doctor explains
the nature, purpose and process of the assess-
ment in order that consent is fully informed and
that chaperones are used when appropriate.
An assessment requires a detailed history and
examination. The history of the alleged assault
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Box 12.1 Key definitions of offences

under the Criminal Law Acts

Definition of the act of ‘rape’

Act: Criminal Law (Rape) Act, 1981
S 2(1). A man commits rape if:

@ he has sexual intercourse with a woman who at the time of the inter-
course does not consent to it,

@ atthat time he knows that she does not consent to the intercourse or he
is reckless as to whether she does or does not consent to it.

Maximum Penalty: Imprisonment for life.

Act: Criminal Law (Rape) (Amendment) Act 1990
S.4. Rape under section 4 means a sexual assault that includes:—
@ penetration (however slight) of the anus or mouth by the penis or

@ penetration (however slight) of the vagina by any object held or manipu-
lated by another person.

Act: Criminal Law (Rape) (Amendment) Act 1990
S.5. Any rule of law by virtue of which a husbhand cannot
be guilty of the rape of his wife is hereby abolished.

Maximum sentence is life imprisonment.

Definition of the offence of ‘sexual assault’

Act: Criminal Law (Rape) (Amendment) Act 1990

S.2 The offence of indecent assault upon any male
person and the offence of indecent assault upon any
female person shall be known as sexual assault.

Maximum sentence, where complainant is a child, is imprisonment not
exceeding 14 years. In any other case, the maximum sentence is a period
not exceeding 10 years.

Act: Criminal Law (Rape) (Amendment) Act 1990

S.3. Aggravated sexual assault means a sexual assault
that involves serious violence or the threat of serious
violence or is such as to cause injury, humiliation or
degradation of a grave nature to the person assaulted.

Maximum sentence is life imprisonment.

from the complainant is an extremely important
part of the assessment. The doctor should ensure
that they record the briefing details from the refer-
ring police team, and then record verbatim the
account of the complainant themselves, as discrep-
ancies may become very significant at a later stage
of any legal proceedings. Apart from a general
medical history, detail of the full history of events
and any specific physical contacts must be identi-
fied (e.g. penis to mouth, mouth to genitalia, penis
to anus, penis to vulva/vagina, ejaculation, object/
implement penetration of mouth/vulva/vagina/
anus, kissing/licking/biting/sucking/spitting).



Recent drug and alcohol intake must be
recorded in as much detail as possible and this
may be relevant in terms of ability to recall events
appropriately or if there is a possibility of drugs
or alcohol having been administered in possible
cases of drug-facilitated sexual assault.

Specific questions are also asked about events
after the assault as these may affect subsequent
findings or recovery of evidence. Such ques-
tions include ‘Since the assault have you... noted
pain... noted bleeding... brushed teeth... passed
urine... defaecated... douched?’ A full medical
history must include past medical history, past
surgical history, past gynaecological history, men-
strual history and past psychiatric history so that,
if necessary, any influence of these on examina-
tion findings can be considered. Previous sexual
history should not generally be relevant, but it
is important to enquire sensitively about recent
sexual activity before the alleged assault and sex-
ual activity after the assault. The appropriateness
of the need for this information is still subject to
some debate. Based on this history, an appropriate
examination can be undertaken to collect appro-
priate evidential samples.

The nature of the examination of the adult in
sexual assault cases is determined in part by the
history elicited, in that certain points may direct
an examiner to areas of particular interest. The
following should always be documented: weight,
height, general appearance, skin abnormalities of
changes (e.g. scars, tattoos, piercing) and appear-
ance of the hair (e.g. dyed, shaved).

A standard general physical examination will
be done and a detailed physical, external exam-
ination identifying injury or abnormality and
recording absence of injury and abnormality.
This examination will be documented on body
diagrams and images of abnormalities should
be taken. The external examination will focus on
those areas that the history indicated as having
been in general or particular physical contact, as
these are particular areas where trace evidential
materials that may provide DNA or other links
may be found.

The genito-anal examination may be under-
taken by naked eye, or with the assistance of
specialist lighting, magnification or colposcopes.
Examination of a female complainant (dependent
in part on the history) will record the presence of
any abnormalities or the absence of any findings

in the following anatomical sites: thighs, buttocks
and perineum; pubic area; pubic hair; labia
majora; labia minora; clitoris; posterior fourchette;
fossa navicularis; vestibule; hymen; urethral open-
ing; vagina and cervix. For the male (suspect or
complainant) the buttocks, thighs, perineum, anus,
perianal area, testes, scrotum and penis (including
shaft, glans and coronal sulcus) will be examined.

B Evidential samples and
documentation of findings

Appropriate samples in sexual assault will assist
in determining the nature of sexual contact, the
gender and possibly identity of the assailant and
possible links with other offences. Samples that
may be required include blood (for DNA and
drugs and alcohol), urine; hair (head and pubic),
nails and swab samples from body orifices, mouth,
ears, nose and genitalia, including vulva, vagina,
cervix, penis, anal canal and rectum. Appropriate
sample kits, assembled with appropriate qual-
ity control, for particular areas of the body
should be used wherever possible (Figure 12.1).
Sampling must conform to agreed protocols and
a clear chain of custody (see Chapter 23, p. 248)
established.

Table 12.1 summarizes the type of sample and
what may be achieved from analysis of such a sam-
ple. In all cases if uncertain, confirm with foren-
sic science laboratories (1) the type of specimen
required and (2) how it should be stored to ensure
optimum preservation. Samples should be taken
in the light of the known history and accounts of
events. If there is any doubt whether a particular

Figure 12.1 Example of pre-packed quality controlled sample kit.
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Table 12.1 Type of sample taken and what may identified by analysis

Sample type What may be identified by analysis

Blood

Presence and amount of alcohol and drugs; identify DNA

Urine

Presence and amount of alcohol and drugs

Hair (head), cut and combed

Identify biological fluids (wet and dry); foreign material (e.g. vegetation, glass, paint, fibres);
comparison with other hairs found on body; past history of drug use

Hair (pubic), cut and combed

Identify biological fluids (wet and dry); foreign material (e.g. vegetation, glass, fibres); comparison
with other hairs found on body; past history of drug use (prescribed; licit and illicit)

Buccal scrape DNA profiling

Skin swabs (at sites of contact)

Identify biological fluids (e.g. semen, saliva — wet and dry); cellular material; lubricant (e.g. KY, Vaseline)

Mouth swabs Identify semen
Mouth rinse Identify semen
Vulval swab Identify biological fluids (e.g. semen, saliva); foreign material (e.g. hairs, vegetation, fibres)

Low vaginal swab

Identify body fluids (e.g. semen, saliva); foreign material (e.g. hairs, vegetation, fibres); identify
biological fluids (e.g. semen, saliva); foreign material (e.g. hairs, vegetation, fibres)

High vaginal swab

Body fluids (e.g. semen, saliva); foreign material (e.g. hairs, vegetation, glass, fibres); identify
biological fluids (e.g. semen, saliva); foreign material (e.g. hairs, vegetation, fibres)

Endocervical swab

Identify biological fluids (e.g. semen

Penile swabs (shaft, glans, coronal sulcus)

Identify biological fluids (e.g. semen

Perianal swabs

Identify biological fluids (e.g. semen,

Anal swabs

Identify biological fluids (e.g. semen

)
)
)
)

Rectal swabs

Identify biological fluids (e.g. semen)

Fingernail swabs, cuttings or scraping

Identify foreign material (e.g. skin cells), matching of broken nails

sample may be relevant it is better to take a sam-
ple and retain it for later analysis. In the case of a
suspect the doctor should advise the police inves-
tigators regarding samples as legal requirements
will need to be observed in order to appropriately
request samples. Control swabs may be required,
depending on local laboratory protocols and
standard operating procedures.

The persistence of evidentially relevant materi-
als is variable and advice should be sought from
a forensic scientist or forensic toxicologist when
considering whether a sample is relevant to take.
In general, foreign biological fluids (e.g. semen)
can be detected in the mouth up to about 48 hours
after contact, in the anus or rectum up to about
three days and in the vagina or endocervix up to
about seven days.

As with all forensic assessments, documenta-
tion should be thorough, legible and meticulous,
recording relevant positive and negative find-
ings. Documentation of finding should be in writ-
ten form (ideally using standardized proforma),
with body diagrams accompanying all written
notes. Wherever possible, photographic images
should be taken of all abnormalities, under the
direction of the doctor, with colour bars and rules
in all images. If colposcopy has been used for
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genito-anal assessment, photographic or video
recordings (e.g. DVD) may be used. Most jurisdic-
tions will have guidelines for the safe custody and
viewing of such sensitive images.

B Medical findings
after sexual contact

Interpretation of findings, unlike the assessment
and documentation of findings, should only be
undertaken by a doctor experienced in such
assessments and fully aware of current research
concerning physical findings after sexual assault.
It is incorrectly assumed by many that sexual
assaults will result in injury to the victim whether
adult or child. This is incorrect and in the majority
of cases medical abnormalities (in both adults and
children) will be absent. Conversely, consensual
sexual activity can result in injury to the body and
genitalia. The presence or absence of injuries in
association with allegations of sexual assault do
not by themselves indicate whether the particular
activity was consensual or non-consensual, and it
is essential that these facts are understood when
reporting and interpreting findings.




Many factors may affect the severity of injury
in the female. Similar injuries may be seen in both
consensual and non-consensual sexual contact.
Some of the factors that may influence the pos-
sibility of genital injury are age of the complain-
ant, type of sexual activity, relative positions of the
participants and degree of intoxication of either or
both of the participants. Consensual insertion or
attempts at insertion of a finger or fingers, penis
or any other object into the vagina may result in
bruises, abrasions and lacerations of the labia
majora, labia minora, hymen and posterior four-
chette. Consensual digital vaginal penetration
may result in accidental fingernail damage or
injury to parts of the female genital tract that may
not be noticed at the time.

Non-genital injury of even a minor nature can
often be very significant evidentially and corrob-
orate accounts of assault. Marks of blunt contact
(e.g. punches, kicks), restraint (e.g. ties around
wrists or ankles, grip marks) and bite marks are
all examples of non-genital injuries seen in sexual
assault complainants (Figure 12.2). Occasionally,
false allegations do occur and analysis of the char-
acter and nature of the injury in the light of the
accounts given is crucial in determining whether
there may be any suggestion of deliberate self-
harm (see Chapter 8, p. 108).

Anal intercourse is part of the normal sexual
repertoire of many heterosexual and homosexual
couples. Consensual anal intercourse can (in the
same way as vaginal sex) be pain and discomfort
free and would not normally leave any residual
injury. Non-consensual anal intercourse if done
without force, with or without lubrication and with-
out physical resistance on the part of the person
being penetrated may leave no residual injury

Figure 12.2 Example of non-genital injury: bruising caused by
hand applied to force thighs apart.

and may be pain free. The effects of drugs and
alcohol may make penetration easier. The like-
lihood of pain or injury in non-consensual anal
intercourse may be increased:

B in someone who has not experienced anal
intercourse

B in the absence of lubrication

B if force is used

B if there is great disparity between the size of
the anus (which varies little in the adult) and
the penis (which may vary a lot).

The types of injury include bruises, fissures or
tears. In the absence of repeated trauma, any fis-
sures, tears or lacerations would be expected to
heal within 2 weeks or so and leave no residual
marks. It is important for any examining doctor to
be aware of, or to be able to distinguish, abnor-
malities caused by medical conditions that may
mimic, or be mimicked by injury after sexual
contact.

B Care after sexual assault

Care of those who have been sexually assaulted
is most appropriately managed by those with
specialist skills such as genitourinary medicine
specialists who can provide the most appropriate
and up to date post-assault treatment and advice.
It should be the responsibility of the examin-
ing doctor or healthcare professional to ensure
that appropriate post-assault prophylaxis against
pregnancy, or HIV or other genitourinary con-
ditions are anticipated. Counselling or psycho-
logical support may also be required to support
victims. Proactive support should be offered and
follow-up should be provided so that vulnerable
individuals do not have the problems associated
with the initial assault compounded by poor or
absent care later.
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B Introduction

Vulnerabilities of children are now recognized on
a worldwide basis. Despite — or perhaps because
of — the increased awareness of the extent of prob-
lems governments and other agencies seek to pro-
tect children. Roles and responsibilities of those in
contact with or treating children and their duties
of care are much better defined in many countries
now, with a more proactive approach to intervening
at early stages when concerns about a child’s well-
being are raised. Recognition of child abuse is not
a new problem, and can occur in many forms, and
be interpreted in different ways in different cul-
tures. Child sexual abuse may be universally con-
demned, but use of children as cheap labour may
not be seen as abuse by every society or culture.
Child abuse can cause adverse physical out-
comes (death, injury), psychiatric, psychological
and behavioural disorders (persisting into adult-
hood) may ensue, together with developmental
delay, growth retardation and failure to thrive.
Increased drug and alcohol misuse and self-
injurious behaviour are also observed. There is

also a clear increased risk of children who have
been abused, becoming abusers themselves as
adults. The risk factors for abuse can be classi-
fied according to the children themselves (e.g.
behavioural issues, being adopted), parents (e.g.
drug, alcohol or mental health issues, domestic
violence) and environmental and social factors
(e.g. poverty, unemployment, single parent). For
many children, multiple predisposing factors for
increased risks of abuse are present.

B Definitions and law

Article 1 of the United Nations Convention on the
Rights of the Child (UNCRC) defined children as
persons under 18 years of age. This age limit may
be applied variably in different cultures and juris-
dictions may vary in how that age limit is applied.
The UNCRC places a duty on the state to promote
the well-being of all children in its jurisdiction.
Article 3 of the Convention states that any decision
or action affecting children, either as individuals or
as a group should be focused on their best interests.

155



13 Child assault and protection

Child abuse can be defined in a number of ways
and many governments have systems in place to
ensure that health professionals recognize that
they have an overriding duty to report concerns if
they believe that the child may be at risk of harm.
Physical abuse of a child is defined by the World
Health Organization as ‘that which results in actual
or potential physical harm from an interaction or
lack of interaction which is reasonable within the
control of a parent or personin a position of respon-
sibility, power or trust’. In 1962 Henry Kempe
identified ‘the battered child syndrome’. The term
‘Non-Accidental Injury’ (NAI) describes injury that
was considered to be inflicted by another and by
inference as a deliberate assault.

Within Ireland child abuse is classified as phys-
ical abuse, emotional abuse; sexual abuse; and
neglect. All can occur concurrently.

B Physical abuse can include hitting, shak-
ing, throwing, terrorising with threats, poi-
soning, burning or scalding and drowning. It
can also occur when a parent/carer feigns the
symptoms of, or deliberately causes ill health
to a child whom they are looking after (see
Factitious Disorder by Proxy, p. 156). There
may be single or repeated instances of this
behaviour.

B Emotional abuse is the persistent emotional
ill-treatment or neglect of a child such as to
cause severe persistent adverse effects on
the child’s emotional development. Emotional
abuse is usually found in the relationship
between a parent/carer and a child rather
than in a specific event or pattern of events.
For example, it may involve the imposition
of negative attributes on a child, expressed
by persistent criticism or sarcasm. It may
involve seeing or hearing the ill-treatment
of another such as serious bullying. Another
form of this type of abuse is causing children
to frequently feel frightened or in danger,
or the exploitation or corruption of children.
Emotional abuse to a greater or lesser degree
is involved in all types of ill-treatment of a
child, although it may occur alone. It can man-
ifest in the child’s behavioural, cognitive or
physical functioning. For example, this abuse
can cause insecure attachment, unhappiness,
low self-esteem and oppositional behaviour in
a child.
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B Sexual abuse involves a person forcing or
enticing a child or young person to take part
in sexual activities for his or her gratification
or sexual arousal. Such activities may include
physical contact, including penetrative or non-
penetrative sexual acts; non-contact activities,
such as involving children in looking at, or
being involved in the production of, porno-
graphic material or watching sexual activities,
or encouraging children to behave in sexually
inappropriate ways. In relation to child sexual
abuse and criminal law, the age of consent to
sexual intercourse for both boys and girls, is
17 years. However, a girl aged under 17 years
but over 15, who has sexual intercourse, may
not be convicted of an offence on that ground
alone. It is a criminal offence to engage, or
attempt to engage, in a sexual act with a child
under the age of 15 years and this carries a
maximum sentence of life imprisonment.

B Neglectisthe persistent failure to meetachild’s
basic physical or psychological needs, likely to
result in the serious impairment of the child’s
health or development. It may involve a par-
ent or carer failing to provide adequate food,
shelter and clothing, failing to protect a child
from physical harm or danger, or the failure to
ensure access to appropriate medical care or
treatment. In short, neglect can be defined in
terms of an omission, where the child suffers
significant harm or impairment of development
by being deprived of a basic need. Neglect
typically becomes apparent in different ways
over a period of time rather than at one specific
point. For example, a child whose height or
weight is significantly below average may be
being deprived of adequate nutrition.

Most jurisdictions now have laws, statutes or codes
in place aimed at protecting children and identi-
fying those children at risk. In Ireland, in the first
instance, there are Constitutional protections for
the family and of the privacy of citizens. Therefore,
any decision made that takes a child away from
the family setting, can be legally fraught in addi-
tion to the emotional upheaval that such a deci-
sion will cause. Furthermore, a Constitutional
Referendum was held in November 2012, to
amend a section in the Constitution that con-
cerned children’s rights. The amendment was
approved by voters and included a section where



“the views of the child shall be ascertained”
where the State takes an action on the child’s
behalf. However, the Referendum was subjected
to a Supreme Court challenge and judgement
is still pending on the issue. Also in Ireland, the
Child Protection Guidelines from the Department
of Children and Youth Affairs were issued in July
2011. These guidelines, entitled Children First:
National Guidance for the Protection and Welfare
of Children promote the safety and well-being of
children. Currently, there is a Bill under discus-
sion to put these guidelines on a statutory basis,
although it may take some time before they are
enacted (if ever). Finally, there is primary legis-
lation that deals with children in care, and this is
summarised and set out below.

B The Child Care Acts
and the Children Acts

There is no single Act that deals with the care of
childreninIreland.Instead (and rather confusingly)
there are a number of overlapping pieces of pri-
mary legislation: the Child Care Acts 1991 to 2007
and the Children Acts, 2001 to 2011. Combined,
these Acts serve as the primary legislation that
regulates child care policy in Ireland. Under these
Acts, the Health Service Executive (HSE) has a stat-
utory duty to promote the welfare of children who
are not receiving adequate care and protection. For
the purposes of these Acts, the definition of a child
is a person under 18 years of age who is not, or has
not, been married. The legislation gives the power
to the HSE, sometimes with the assistance of the
Gardai, to take children into care who are in need
of care or who are at risk. The HSE can apply to the
courts for a number of different orders and these
orders give the courts a range of powers (includ-
ing decisions-making), about the type of care nec-
essary and also about determining access to the
children. These orders are summarised as follows:

B Emergency Care Order - issued for a max-
imum of eight days in care. Once a judge
has issued the Order, Gardai are allowed to
enter any dwelling (by force if necessary)
where the child is, or where there are rea-
sonable grounds for believing that he or she
is. Once the child is secure, then the Gardai
deliver the child into the custody of the HSE.

B Interim Care Order - issued for a maximum
of eight days in care but may be extended if
the HSE and the parent having custody of the
child, or person acting in loco parentis, gives
their consent.

B Care Order - once issued, it can continue to
apply to a child up to age 18. Care Orders are
issued where the court is satisfied that:

(@) the child has been or is being assaulted, ill-
treated, neglected or sexually abused, or
the child’s health, development or wel-
fare has been or is being avoidably
impaired or neglected, or

(c) the child’s health, development or wel-

fare is likely to be avoidably impaired or
neglected

B Supervision Order - issued usually for a
maximum of 12 months (may be renewed) but
will expire when the child in question turns
18. Supervision Orders are issued under the
same conditions as the above and when the
court is satisfied that there are reasonable
grounds for believing same. The child must
be visited periodically by, or on behalf of,
the HSE.

®)

The following two care orders relate a type of
care that is given to children who are in need of
special care and protection and who would be
placed in Special Care Units (SCUs). There are
currently three SCUs in Ireland (with a combined
total of only 20 beds) and all three units are man-
aged by the HSE. SCUs are purpose built secure
facilities where the children cannot leave of their
own accord. Only children between the ages of 11
and 17 are eligible for special care in certain cir-
cumstances. An example of these circumstances
would be a child who is self harming/suicidal,
abusing drugs and/or alcohol, and where all other
attempts by the HSE were not successful in resolv-
ing a serious situation. Additionally, only children
with serious emotional and behavioural difficul-
ties can be placed in SCUs. In addition to the pri-
mary legislation, these cases are supported by
the statutory instrument, the Child Care (Special
Care) Regulations, 2004.

B Interim special care order — issued for a
maximum of 28 days but may be extended.

B Special care order —issued for a period of not
less than three months to a maximum of six
months (may also be extended).
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B Children First: National
Guidance for the Protection
and Welfare of Children

These guidelines state what organisations need to
do to keep children safe and what different bodies
and the general public should do if they are con-
cerned about a child’s welfare. They detail spe-
cific protocols for HSE social workers, Gardai and
other front line staff that deal with suspected cases
of abuse and neglect. The guidelines emphasize
that the needs of children and families must be at
the centre of child protection and welfare services,
and that the welfare of children is of paramount
importance. One of the key strategies of the guide-
lines is to ensure that some “joined-up” thinking
and sharing of information between all relevant
agencies takes place as the need for full co-oper-
ation is necessary to ensure better outcomes. The
guidelines were also refined from older editions
to ensure that there is no confusion within agen-
cies regarding individual roles and/or steps to
be taken in the identification and management of
concerns. There is also oversight to ensure that
all health (including social care) funded services
are in compliance with the guideline. The Health
Information and Quality Authority carry out this
function. The main principles identified in the
guidelines include:

B The welfare of children is of paramount
importance.

B Aproper balance must be struck between pro-
tecting children and respecting the rights and
needs of parents/carers and families. Where
there is conflict, the child’s welfare must come
first.

B Children have a right to be heard, listened to
and taken seriously. Taking account of their
age and understanding, they should be con-
sulted and involved in all matters and deci-
sions that may affect their lives.

B Parents/carers have a right to respect and
should be consulted and involved in matters
that concern their family.

B The criminal dimension of any action must not
be ignored.

B Children should only be separated from par-
ents/carers when alternative means of pro-
tecting them have been exhausted.
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B The prevention, detection and treatment of child
abuse or neglect requires a coordinated multi-
disciplinary approach, effective management,
clarity of responsibility and training of person-
nel in organisations working with children.

Overall, the Children First guidelines are very
detailed and cover all aspects of agency respon-
sibility in relation to reporting child abuse and
protecting children from such abuse. However, the
HSE must have regard to the understanding that
it is generally in the best interests of the child to
be brought up in his/her own family (remember-
ing the Constitutional protections). Nevertheless,
having due regard to the rights and duties of the
parents, the welfare of the child is the first and par-
amount consideration. When the HSE has to place
a child in care, then, as far as is practicable, the
wishes of the child should also be considered.

B Physical abuse detail

Physical abuse takes many forms. Children are
prone to injury as a result of accident and play and
sports, and the type and site of injury will relate
to those factors as well as their age and mobility.
The prevalence, number and location of bruis-
ing relates to motor development. Non-abusive
bruises tend to be small, sustained over bony
prominences, and found on the front of the body
(Figure 13.1). In children alleged to have been
subject to abuse, bruising is common. Any part
of the body is vulnerable. Bruises are away from
bony prominences; the commonest site is head
and neck (particularly face) followed by the but-
tocks, trunk, and arms (Figure 13.2). Bruises are
large, commonly multiple and occur in clusters.
However bruising, as with other findings in sus-
pected child abuse, must be assessed in the con-
text of medical, social and developmental history,
the explanation given and the patterns of non-
abusive bruising. Examples of patterns of injury
that should raise the possibility of physical abuse
include multiple facial bruising, bruises to the
ears, neck or abdomen, multiple old scars, ciga-
rette burns, bite marks or torn frenulum.

Bruises in non-mobile infants, bruises over
areas of soft tissues, patterned bruises and mul-
tiple similar shape bruises should raise con-
cerns. Intentional scalds (Figure 13.3) are often




Figure 13.1 Non-abusive bruising.

Figure 13.2 Inflicted injury-finger marks to neck from slap with
hand by non-accidental injury (NAI).

Figure 13.3 Scar caused by application of heated cutlery
handle to lower limb.

Figure 13.4 Accidental scald.

immersioninjuries with symmetrical, well-defined
clear upper margins (tide marks). Unintentional
scald injuries more commonly result from spill
injuries of other hot liquids; they usually affect
the upper body with irregular margins and vari-
able depth of burn (Figure 13.4).In infants (under
18 months) physical abuse must be considered in
the differential diagnosis when they present with
a fracture in the absence of clear history of trauma.
Multiple fractures are more common after physi-
cal abuse than after accidental injury. The his-
tory is a crucial part of the assessment. Examples
of features that may support abuse include
discrepancies in the history, a changing account,
different accounts by different carers and delays
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in presentation. Specific enquiry should be made
regarding pre-existing conditions, which may
cause excessive or easy bruising (e.g. haemo-
philia), or known skin disease, which may mimic
or be mimicked by physical abuse. Other aspects
that are essential are the emotional, behavioural
and developmental history, the nutritional his-
tory, family history (e.g. genetic or inherited dis-
orders), social history and environmental history.
Physical examination requires a comprehensive
head to toe examination with appropriate con-
sent. In addition to a full general examination all
scars, healing injuries and new injuries must be
noted. Each injury, scar or mark must be exam-
ined and documented in appropriate detail (pref-
erably in written form, on body diagrams, and
photodocumented) so that they are capable of
proper external review and interpretation (see
Chapter 8, p. 110).If injury is noted, consideration
should be given to repeat examination and serial
photography to note the evolution of injury or
scars. If physical abuse is suspected then consid-
eration must be given to a full radiographic skele-
tal survey, which must subsequently be reviewed
by a paediatric radiologist, and perhaps bone
scintigraphy. In addition, laboratory-based inves-
tigations may also be required and include blood
count, urinalysis, liver function, amylase, calcium,
phosphorus, vitamin D, screen for metabolic bone
disease; coagulation studies.

Interpretation of physical findings in physi-
cal abuse cases requires a full understanding
of mechanisms of injury and how those mecha-
nisms apply with respect to the accounts of cau-
sation (of which there may be several) given
(Box 13.1).

Box 13.1 Types of injury in physical abuse

@ Head injury — of all types; the ‘shaken-baby’ syndrome is an extremely
complex area requiring multi-professional input and assessment to
determine the relevance of clinical and radiological findings

@ Skin injury — in particular it is important to recognize possible slap
marks, punch marks, grip marks, pinching and poking marks; certain
injuries (e.g. cigarette burns) are readily identifiable

@ Abdominal injury — all intra-abdominal organs can be damaged by
direct impact (e.g. punches or stamps)

® Chest injury — squeezing or crushing can result in substantial injury
including rib fractures, ruptured great vessels and cardiac bruising

o Skeletal injury — a range of injuries may be seen, from frank fractures,
via metaphyseal fracture to subperiosteal new bone formation
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B Sexual abuse detail

There are many ways in which a child may disclose
abuse; for example, it may be to a teacher, a friend
or a sibling. The sexual abuse may be chronic and
long term or it may be an acute or single episode.
Disclosure may be delayed for many years in
chronic cases, or for a few days in acute episodes,
which may result in loss of forensically support-
ive evidence. Pubertal and pre-pubertal girls are
more likely to have significant genital signs if they
are examined within 7 days of the last episode of
sexual abuse. Anal signs in particular are more
likely to be present in the acute phase (within
the first 72 hours). Delays in proper examina-
tion should be avoided when disclosure of recent
sexual contact is made. Symptoms of longer-
term abuse may be general and nonspecific and
include sleep disturbance, enuresis and encopre-
sis. Injuries may be acute or old and include abra-
sion and bruising of the genitalia, acute or healed
tear of the hymen, anal bruising or lacerations.

The principles of examination and documen-
tation of the sexually abused child are in many
respects similar to those of an adult (see Chapter 12,
p. 148), but with complexities added by virtue of
consent issues and authority for documentation,
recording and storing notes, images and other evi-
dence such as colposcope recordings. Most juris-
dictions will have specific guidelines and protocols.

For example, in the UK, the Royal College of
Paediatrics and Child Health and the Faculty of
Forensic and Legal Medicine have produced
guidelines related to child sexual abuse. The
assessment may be undertaken by a single doctor
if that doctor has the necessary knowledge, skills
and experience for the case. Two doctors with
complementary skills (e.g. a paediatrician and a
forensic physician) will be appropriate.

It is considered essential for a permanent
record of the genital or anal findings to be obtained
whenever a child is examined for possible sexual
abuse. A colposcope or camera may be used. The
images must be of adequate quality to demon-
strate the clinical findings. Further examinations
may be required after initial assessments to deter-
mine whether abnormalities or features evolve
or change. Examinations for acute or recent child
sexual abuse are similar to those for adult sex-
ual assault. Emphasis must be on as much detail
of alleged events as possible to ensure proper




consideration of body sites to be examined and
forensic samples to be taken. Genito-anal exami-
nation may be particularly stressful for a child and
is done at the end of the general assessment and
examination. Genital examination can be done in
the supine ‘frog-leg’ position with hips flexed and
the soles of the feet touching, and if, for example,
a hymenal abnormality is seen, the prone knee—
chest position can additionally be used. A lateral
position may be appropriate for some children,
while others may be comfortable held on a carer’s
lap. Examiners must be aware of a potential risk
that an examination may further traumatize an
already traumatized child. Therapeutic needs (e.g.
for genital injury) may have priority over foren-
sic examination, but if treatment is required under
general anaesthesia, thought should be given to
forensic assessment, with appropriate consent at
the time of therapeutic intervention.

The need for examination following disclo-
sure of chronic or historic sexual abuse will need
to take into account its relevance. Examination
of a female alleging penetrative sexual assault
pre-pubertally but disclosing in her thirties after
vaginal delivery of children will provide no infor-
mation. Examination of a pre-pubertal girl alleg-
ing vaginal penetration some months earlier may
have value. A male alleging historic anal penetra-
tion with immediate pain and bleeding at the time
may have persistent scarring.

The interpretation of physical signs found after
genito-anal assessment is a very difficult and com-
plex area. Most complainants of child sexual abuse
have no genito-anal abnormalities when exam-
ined after alleged sexual abuse. It is essential that
precise terminology is used in the description
of abnormality and injury so that abnormal find-
ings are clearly understood (Box 13.2). The pres-
ence of certain infections may have relevance in
sexual abuse enquiries. The implications of these
findings must be determined with an understand-
ing of the context of presentation and a detailed
awareness of current research findings.

B Neglect and emotional
abuse detail

A number of behavioural characteristics may
indicate both neglect and emotional abuse, for

Box 13.2 Types of injury that may

be seen in sexual abuse

Findings that may be noted in females:
Genital erythema/redness/inflammation
Oedema

Genital bruising

Genital abrasions

Hymenal transections

Hymenal clefts and notches

Labial fusion

Vaginal discharge in pre-pubertal girls

Anal findings in males and females may include:
Anal/perianal erythema

Perianal venous congestion

Anal/perianal bruising

Anal fissures, lacerations, scars and tags
Reflex anal dilatation

example age-inappropriate social skills (e.g.
inability to use knife and fork), bedwetting and
soiling, inability to self-dress, smoking, drug and
alcohol misuse, sexual precocity and absenting
from school. Certain features associated with pos-
sible neglect may be evident during assessment
and physical examination and include unkempt
child, ill-fitting or absent items of clothes, dirty or
uncut nails, local skin infections/excoriations and
low percentiles for weight and height. However,
some of these features may be seen in normal, non-
abused children. There may be a failure to thrive.

Certain groups of children are at particular
risk of emotional abuse such as unplanned or
unwanted children, children of the ‘wrong’ gender,
children with behavioural issues and children in
unstable or chaotic family setting. Typically, emo-
tional abuse is most prevalent in 5 to 15 year olds,
although overall ‘neglect’ is the most common rea-
son for children to be on the register.

B Factitious disorder
by proxy

Factitious Disorder by Proxy (also known as
Munchausen Syndrome by Proxy or fictitious or
factitious illness by proxy, fabricated illness by
proxy orinducedillness) is a term used to describe
a setting in which a parent or carer presents a false
history or appearance of illness for their child to
healthcare professionals. Examples of how illness
can be claimed, fabricated or induced include
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manipulation of required drug regimens (e.g. in
diabetics), suffocation and administration of nox-
ious substances (e.g. salt). Such approaches may
result in the child presenting, or being presented
repeatedly to healthcare professionals with a
range of often inexplicable or puzzling symptoms.
The motives behind such behaviour are unclear,
but psychiatric, mental health or attention-seeking
problems may be associated with such behaviour.

B Management
of child abuse

The management of child abuse will depend on
the type of abuse or abuses experienced and
many other factors such as their health, and where
they are living. Every jurisdiction will have its own
legal requirements, policies, protocols and proce-
dures but it must be remembered that every epi-
sode of child abuse that is missed has the potential
for a fatal outcome.
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B Introduction

All forms of transport (air, water or land) are asso-
ciated with a risk of harm or injury. Particular
environments render individuals at risk of spe-
cific types of injury. The incidence of those risks
may be well established but can be increased
when other factors are taken into account, includ-
ing lack of experience, fatigue and the effects of
drugs and alcohol.

B Transportation law

Virtually every jurisdiction has laws that con-
trol the speed at which vehicles can move and
the amount of alcohol and/or drugs under which
an individual is lawfully deemed to be capable
of controlling, or being in charge of, a means of
transportation.

The basis of such laws is quite simple: the faster
you are travelling, the greater the risk of loss of
control and collision, and the greater the level of
injury. If you are intoxicated from some substance,
the more intoxicated you are, the greater the
chance of collision. Legal limits are established
for acceptable levels of alcohol in blood, breath

Transportation
medicine

or urine. Currently in Ireland, the primary legis-
lation for dealing with all road traffic offences is
the Road Traffic Acts 1968-2011 (and supporting
statutory instruments). The legislation details the
maximum legal limits, which are:

B Limits for experienced drivers
* 50 milligrammes (mg) of alcohol per 100
millilitres (ml) of blood
67mg of alcohol per 100ml of urine
22 microgrammes (mcg) of alcohol per
100ml of breath
B Limits for professional drivers (bus/taxi/
haulage etc), learner drivers and inexperi-
enced drivers who have been driving on a full
licence for two years or less
* 20mg of alcohol per 100ml of blood
* 27mg of alcohol per 100ml of urine
* 9mcg of alcohol per 100ml of breath

The assessment of the effects of drugs and alcohol
on ability to drive (in addition to a simple legal
limit) is very important because of the variable
individual response to the effects of alcohol and
other substances. In many cases, ‘driving under
the influence’ may be confirmed by the ability, or
failure, to pass standardized tests of sobriety, or
by medical examination to determine whether the
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ability to drive may be impaired, following pre-
liminary impairment tests undertaken by Gardai.

Such laws apply at the personal level (e.g. the
individual driving a car or a bicycle), at a man-
agement level (e.g. the individual in charge of a
subway station) and at a corporate level (e.g. the
senior officers in transport companies such as
sea ferries). In all cases it is perceived that such
individuals, or bodies, may have a duty of care to
those around them, whether as private individu-
als (e.g. friends being given a ride to a party) or
as paying clients (e.g. customers paying for trans-
port across the sea).

In Ireland, the Road Traffic Acts, 1961-2011
define the specific offences related to the use
of alcohol and drugs in transport systems, and
define the powers that Gardai have to investi-
gate such matters, including the power to take
evidential breath, blood and urine tests with the
person’s consent. Gardai do not have the power
to take samples from unconscious drivers or those
drivers who do not have the capacity to consent
to such a sample being taken. This may change in
the future, as there is a Road Traffic Bill that is cur-
rently being drafted which will address this issue.

When a person is admitted to casualty follow-
ing a road traffic collision, the treating doctor must
remember that alcohol consumption may make
the assessment of a patient more difficult, particu-
larly if there is a head injury. Alcohol is absorbed
slowly from the stomach and rapidly from the small
intestine and the rate of its absorption depends on
the rate of gastric emptying (see chapter 19).

B Transportation
‘under the influence’

Ingeneral,two types of offence are committed when
‘under the influence’ of alcohol or drugs. Relevant
maximum permissible alcohol concentrations can
be prescribed and quantified in an individual, but
in many jurisdictions the effect that alcohol (or
drugs) has on the ability to drive properly must
also be assessed. Gardai will do initial screening at
the scene of an alleged offence or accident, using
‘field impairment tests’. In 2013, roadside testing of
drivers who may be impaired due to the influence
of drugs is due to commence. Gardai will measure
the driver’s co-ordination abilities by, for example,
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walking in a straight line or balancing on one leg.
Any driver who fails the roadside impairment
test, or who appears to be under the influence of
drugs (according to the Gardai at the scene), will
be arrested. As mentioned previously, new legis-
lation is currently being drafted to allow for this
and the Medical Bureau of Road Safety (MBRS) and
University College Dublin have already trained
Gardai in the new procedures. Until these new
measures are in place, the Gardai will continue to
do the mandatory alcohol testing at the roadside
using breath tests.

The MBRS is also responsible for the chemical
testing of intoxicants (alcohol and other drugs) in
all “driving under the influence of an intoxicant”
cases. It approves supplies and tests of instru-
ments and devices for determining the presence
and concentration of intoxicants. It supplies the
Gardai with kits for roadside (and station) test-
ing and checks that all such kits are calibrated,
packed and functioning correctly. Analysts from
the MBRS also appear occasionally in the courts
as expert witnesses.

The roadside breath testing equipment (a
breathalyser, the Driager Alcotest® 6510) is used by
Gardai to ascertain whether the driver is impaired
due to the influence of alcohol. If the test is posi-
tive, the driver will be arrested and brought to a
Gardai station. Once at the station, the driver will
be asked to provide a sample. If a breath sample is
to be taken, evidential breath testing instruments,
such as the Intoximeter and Lion Intoxylizer, are
used to take the samples, and if for some reason,
e.g. asthma, oral trauma, it is not possible for an
individual to provide a sample, then blood or urine
samples must be sought, also if possible. Where a
blood or urine sample is required, a doctor will be
called to the Gardai station to obtain the sample,
or if the person is in hospital and is able to provide
a sample, a suitable doctor/nurse will obtain it. If
a blood sample is taken, each specimen should,
if possible, consist of approximately 5ml of blood
and two specimens must be obtained. One speci-
men is sent for analysis to the MBRS and the other
will be offered to the arrested person and they can
get the specimen tested in another laboratory at
their own expense if they so wish. If a urine sam-
ple is taken, then there must be sufficient quantity
of urine to completely cover the bottom of the jug
that is provided, otherwise it would not be possi-
ble to carry out an analysis.



The experience in all jurisdictions is that indi-
viduals (who might suspect they exceed the rel-
evant legal limit) may provide a variety of reasons
for not providing relevant samples (e.g. previ-
ously undiagnosed asthma, needle phobia) and,
although some of those reasons may be valid,
many have been tested in court and found wanting.

The medical assessment of an individual’s abil-
ity to drive a motor vehicle is established by (1)
undertaking a full history and examination and
(2) undertaking a number of tests of coordina-
tion and reactions. The aim of the examination is
to determine (1) whether the individual’s ability
to drive is impaired, (2) which drug/substance is
causing this impairment, and (3) whether there
is a medical reason for the individual’s appar-
ently impaired status (e.g. neurological disorder,
psychiatric disorder). Increasingly, certain pro-
cedures that measure psychomotor function and
‘divided attention tests’ are used.

Divided attention tests, which assess an indi-
vidual’s balance and coordination, as well as the
ability to follow simple instructions, include the
‘walk and turn test’, ‘one-leg stand test’, ‘horizon-
tal gaze nystagmus test’ and Romberg test. If such
tests are used, it is important they are reproduced
and scored in identical ways. It is also important
to understand that initial studies, which suggested
high sensitivities and specificities in results for
Drug Recognition Programs within the USA, have
not been confirmed in controlled laboratory stud-
ies. The results of the few studies that have been
performed suggest that the accuracy of such
assessment, in general, may not be sufficiently
robust for evidential purposes (in terms of deter-
mining the culpable drug/substance), but they
can help corroborate other witness and toxicolog-
ical evidence. Many individuals will have used a
mixture of drugs and alcohol, which often renders
tests for specific drugs groups inappropriate or
wrong.

It is important to recognize that the results of
field impairment tests do not necessarily establish
impairment of driving through drugs other than
alcohol, although they may be useful in screen-
ing individuals suspected of being impaired as a
consequence of drug use, and provide supportive
evidence of impairment. They cannot be used with
certainty to confirm that drugs have been used,
or the particular drug or drugs that may have
consumed.

Anyone using these tests, in association with
a medical examination, must be able to interpret
them in the context of that medical examination,
the circumstances in which field tests were under-
taken, and the limitations of the evidence base on
which such screening tests are established.

B Personal transport
and road traffic injuries
and fatalities

Those injured by collisions on the road, or off-
road using personal transport can be divided into
three broad groups: pedestrians, cyclists (pedal
or motor) and the drivers or passengers of vehi-
cles. Of these three broad groups, it is pedestrians
who are most often injured, although the propor-
tion of pedestrian victims in the overall road traffic
injured population varies greatly between coun-
tries depending on patterns of transport use. It is
perhaps self-evident that where there is greater
mingling of motor transport and pedestrians there
is also a greater risk of injury to the pedestrian.
Most road deaths in the world occur in developing
countries.

Pedestrians

Pedestrians struck by motor vehicles suffer inju-
ries from direct contact with the vehicle (primary
injuries) or from contact with other objects, or the
ground, after the primary contact with the vehicle
(secondary injuries). Advances in safer vehicle
design and legislation have attempted to reduce
the effects of such contact but cannot eradicate
them completely.

The primary injuries can often form recogniz-
able patterns, although a variety of factors may
alter the eventual constellation of injury. When an
adult is hit by the front of a car, for example, the
front bumper (fender) usually strikes the victim
at about knee level. The exact point of contact,
however, whether on the front, side or back of the
leg(s), will depend on the orientation of the vic-
tim, the nature of the front of the car, and whether
or not it is actively braking at the time of impact.
Comparison of measurements of lower limb inju-
ries (from the heel), with measurements of relevant
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Figure 14.1 (a) A pedestrian struck by the front of a car may
be projected forwards or lifted onto the vehicle; (b) ‘bumper
injuries’ including a compound fracture of the right leg, and
laceration of the left knee, probably following primary impact to
this pedestrian’s right leg.

parts of the car (from the ground) may assist in the
reconstruction of pedestrian versus car collisions
(Figure 14.1).

There are often additional primary injury sites
on the thigh, hip or pelvis caused by contact with
other parts of the car, such as the bonnet (the
hood). At relatively low speeds (e.g. 20 kph/12
mph), the victim may be thrown off the bonnet
either forwards or to one side. Between 20 and 60
kph (12-36 mph), the pedestrian may strike the
bonnet (hood) and the head may strike the wind-
screen or the surrounding metal body work. At
higher speeds (60-100 kph/36-60 mph), pedes-
trians may be projected up into the air; sometimes
they will pass completely over the vehicle and will
avoid hitting the windscreen and other points on
the vehicle (Figure 14.2). Such impacts, however,
will generally cause major injury, including com-
plex fractures or traumatic amputations.

Secondary injuries are often more serious, and
potentially lethal, than the primary injuries. Such
secondary injuries vary from simple ‘brush abra-
sions’, caused by ‘skidding’ across the surface of
the road, to fractures of the skull or axial skeleton,
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Figure 14.2 At speeds of over 23 kph (15 mph) a pedestrian
can be ‘scooped up’ onto a car, suffering head injuries on
impacting the windscreen. They may then fall off sideways or,
at higher speeds, be thrown over the roof.

caused by direct contact with a hard surface, to
hyperextension or hyperflexion fractures of the
spine. It is important to remember that the exter-
nal injuries are seldom lethal per se; it is their
association with internal injuries that is important.

Even in the absence of skull fracture, traumatic
brain damage, including traumatic axonal injury,
is frequently observed in fatally injured pedestri-
ans.This occurs as a consequence of the rotational,
deceleration forces produced when the rapidly
moving head is suddenly stopped at impact, lead-
ing to ‘shearing’ injuries to the brain and its cov-
erings. Fractures of the spine, especially in the
cervical and thoracic segments, may lead to cord
damage. Fractures of the limbs are common but,
apart from those of the legs that are associated
with the primary impact sites, they are somewhat
unpredictable because of random ‘flailing’ of the
limbs following primary impact.

When an adult is struck by a larger vehicle, for
example avan,a 4 X 4,a sport utility vehicle (SUV),
truck or lorry, or when a small child is struck by
any vehicle, the typical lower limb primary contact
injury site described above tends to be ‘higher
up’ (pelvis, abdomen, chest or head). It is likely
that the victim will make contact with more of the
front of the vehicle or be projected along the line
of travel of the vehicle and ‘run-over’.

‘Run-over’ injuries are relatively unusual and
the effects are variable, depending on the area
of the body involved, the weight of the vehicle
and the surface area of the contact. The skull may
be disrupted and the brain externalized, internal
organs may be ruptured and there may be frac-
tures of the spine. Compression of the chest may
result in multiple rib fractures, causing a ‘flail
chest’. The rotation of the wheel may strip off
large areas of skin and subcutaneous tissue; this
is called a ‘flaying injury’ (Figure 14.3). On occa-
sion, patterned injuries are recognized on the skin



Figure 14.3 Pedestrian leg injury from a rotating wheel
resulting in “flaying’ of the skin.

-
&

Figure 14.4 Intradermal bruising reflecting the pattern of a
vehicle tyre tread. Note that the bruising is in the ‘valleys’ and
not the ‘hills’ in the tread. Scaled photographic documentation
of such a patterned injury will allow future comparisons to be
made between it and the tread pattern of a suspect vehicle.

surface bearing the characteristics of tyre-treads
(Figure 14.4).

Car occupants

Most impacts involve the front, or the front cor-
ners, of the vehicle and approximately 80 percent
of impacts are against either another vehicle
or a stationary object. This type of impact rap-
idly decelerates the vehicle. Less commonly, the

@ The face and head hit the windscreen glass, frame or side-pillars, caus-

vehicle is hit from behind, causing an ‘accelera-
tion’ impact. The least common impacts are side
impacts and ‘roll-overs’.

Many countries now have legislation regarding

the requirement to wear seatbelts, both in the front
and back of moving vehicles. Unrestrained front-
seat occupants in a vehicle subjected to rapid
deceleration during a collision will continue to
move forwards as the vehicle decelerates around
them, and will impact those parts of the vehicle
that are in front of them. The degree of injury sus-
tained by the occupant is very much dependent
on the vehicle’s speed at the moment of impact,
its deformation properties and the structure of the
part (or parts) of the vehicle being impacted by
the occupant (Box 14.1, Figures 14.5-14.7).

Box 14.1 Injuries that may be expected to

occur in an unrestrained impact/collision

ing skull and facial fractures, injury to the brain and its coverings, and
cervical spine injury.

The chest and abdomen contact the fascia or the steering wheel, caus-
ing rib, sternal, heart and liver injuries.

The momentum of the heart within the thorax, perhaps aided by hyper-
flexion, may tear the aorta at the termination of the descending part
of the arch, at the point where the vessel becomes attached to the
vertebral column.

The legs of the passenger are thrown forwards and the knees may
strike the parcel shelf, causing fractures.

The legs of the driver, which are commonly braced on the brake and
clutch pedals, may transmit the force of impact along the tibia and
femur to the pelvis. All of these bones may be fractured or dislocated.
On the rebound from these impacts, the heavy head may swing vio-
lently backwards and cause injury to the cervical or thoracic spine.
The occupants of the car may be ejected out of the vehicle through the
windscreen, increasing the risks of secondary injuries or being run over
by another vehicle.

Cervical spine injury

" Steering wheel
impact

fracture

T
Braced leg fracture

Figure 14.5 Major points of injury to an unrestrained driver of a
vehicle in deceleration impact.
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Figure 14.6 Facial injuries from shattered windscreen glass in
an unrestrained driver. The toughened glass breaks into small
fragments, which produce characteristic ‘sparrow foot” marks.
The forehead laceration was made by the windscreen rim.

Figure 14.7 Deceleration-related thoracic aortic transection
following a road traffic collision. The typical site for deceleration
aortic injury is just distal to the origin of the left subclavian
artery.

The unrestrained rear-seat passenger is also
liable to injury through either deceleration or
acceleration. The injuries, in general, may not be
as severe as those caused to the front-seat occu-
pants. In a deceleration impact, the rear-seat pas-
sengers will be thrown against the backs of the
front seats and may impact the front-seat occu-
pants. They may be projected over the front seat to
hit the windscreen and even be thrown out through
the windscreen. The introduction of seatbelts has
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dramatically reduced the number and severity of
injuries to car occupants in jurisdictions where
they are compulsory.

The function of seat belts

The mandatory use of seat belts has had a pro-
found effect on road traffic fatality rates in Ireland
and other countries where similar legislation has
been enacted. The combination of a horizontal lap
strap and diagonal shoulder strap was introduced
as a satisfactory compromise between effective-
ness and social acceptability. To be effective, a
seatbelt must (1) be worn and (2) worn correctly
and any alteration in their fixing or structure can
negate their value (Box 14.2).

The use of seatbelts can also cause injuries,
the nature and severity of which is dependent
on the force and nature of the impact. Any indi-
vidual involved in a collision in which intrusion
into the cabin has occurred, or where they have
been trapped within the vehicle, should have a
full medical assessment, as should anyone under
the influence of drugs or alcohol at the time of a
collision, as such may mask significant symptoms
of trauma. Such an assessment should always
include, in addition to basic physiological obser-
vations, palpation and testing of range of move-
ment of all limbs, palpation of the clavicle, lateral
and anteroposterior compression of the chest, and
a full abdominal examination, in order that occult
fracture or internal organ injury is not missed.

Air bags

Air bags were developed in an attempt to aid
the protection of all car occupants following a
collision by rapidly deploying a ‘soft method of
restraint’ that is only present when required. Most
modern cars now have sophisticated air-bag sys-
tems, many providing protection not only from
front impacts but also from the sides or corners of
the vehicle.

The deployment of an air bag relies upon the
explosive production of gas, usually from the
detonation of a pellet commonly made of sodium
azide. For the deployment to be timed correctly,
the deceleration of the vehicle following impact
needs to be sensed and the detonation of the pel-
let completed in microseconds so that the bag is
correctly inflated at the time the occupant of the



Box 14.2 The function of seat belts

A seat belt that is correctly installed, and worn, acts in the following ways:

@ It spreads the deceleration forces at impact over the whole area of con-
tact between the straps and the body surface so that the force delivered
to the body per unit area is reduced.

e |t is designed to stretch during deceleration and some belts have a
specific area for this to occur. This stretching slightly extends the time
of deceleration and reduces the force per unit time.

@ |t restrains the body during deceleration, keeping it away from the
windscreen, steering wheel and other obstructions at the front of the
vehicle, thus reducing injury potential.

@ |t prevents ejection into the road through burst doors or windows, which
used to be a common cause of severe injury and death.

car is beginning to move towards the framework
of the vehicle.

Air bags are designed to provide protection
to the ‘average-sized adult’ in the front of the car
and this protection depends upon the occupant
responding to the impact in an ‘average’ fash-
ion. Air bags can cause injuries, most frequently
abrasions or burns, and guidelines exist as to the
minimum size that a person should be when sit-
ting in an air-bag protected seat. Most cars have
the option of disabling air bags if those of short
stature (generally children) are occupying such
seats. Air bags, in general, should never be used
in the presence of baby seats. At particular risk
are babies who are placed on the front passenger
seat in a rear-facing baby seat that is held in place
by the seat belt. The back of the baby seat may lie
within the range of the bag when it is maximally
expanded, and fatalities have been recorded fol-
lowing relatively minor vehicle impacts when the
air bag has struck the back of the baby seat.

Motorcycle and pedal

cycle injuries

Most injuries to motorcyclists are caused by fall-
ing from the machine onto the roadway. Many of
the injuries can be reduced or prevented by the
wearing of suitable protective clothing and a crash
helmet. Abrasions caused by contact with the road
surface are almost universal following an accident
at speed, and injuries to the limbs and to the chest
and spine occur very commonly because of con-
tact with other objects or vehicles, entanglement
with the motor bike or direct contact with the road
(Figure 14.8). Despite the introduction of the man-
datory wearing of crash helmets in Ireland, head

Figure 14.8 Extensive ‘brush’ abrasion of the left flank in a
motor cyclist thrown across a rough surface.

injuries are still a common cause of morbidity and
mortality. In countries where there is no manda-
tory requirement for motorcycle helmets, the inci-
dence is substantially increased. A more unique
injury occurs from ‘tail-gating’, where the motor-
cyclist drives under the rear of a truck, causing
severe head injuries or even decapitation. This
injury has been reduced by the presence of bars
at the sides and rear of trucks to prevent both
bikes and cars passing under the vehicle.

Injuries associated with pedal cycles are very
common because of the large numbers of cycles
in use. Most injuries associated with cycles tend
to be of mild or moderate severity because of
their low speeds. However, impact by vehicles can
result in severe and fatal injuries. Secondary inju-
ries, especially to the head and chest, are common
when cyclists fall from their relatively high riding
position on such an inherently unstable machine.

Other transportation methods (e.g. the Segway
Personal Transporter) may also have their own
types and range of risk of injury or fatality.

B Railway injuries
and fatalities

These are most common in countries with a large
railway network, such as India and China, and in
countries where rail crossings are unprotected or
unmanned. Although mass disasters, such as the
derailment of a train, occasionally lead to large
numbers of casualties, most deaths and injuries
occur as an aggregation of numerous individual
incidents, most of which are accidents, such as at
level crossings or as a result of children playing on
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the line. Railway lines are a common site for
suicide attempts.

Medically, there is nothing specific about rail-
way injuries except the frequency of very severe
mutilation. The body may be severed into many
pieces and soiled by axle grease and dirt from
the wheels and track. Where passengers fall
from a train at speed, multiple injuries caused by
repeated impacts and rolling may be seen, often
with multiple abrasions from contact with the
coarse gravel of the line ballast.

Suicides on railways fall into two main groups:
those that lie on the track (sometimes placing
their neck across a rail so that they are beheaded)
and those that jump in front of a moving train from
a platform, bridge or other structure near to the
track. Jumping from a moving train is much less
common. The injuries present will depend on the
exact events, but they are usually extensive and
severe when there has been contact with a moving
train, although they may be localized with black
soiling at the crushed decapitation or amputa-
tion site if the individual has lain across the track
(Figure 14.9).

There is a risk of secondary injury if survival
occurs where other factors such as electrified
lines are present. On electrified lines, an addi-
tional cause of suicidal or accidental injury or
death is present in the form of electric shock from
either a live rail or overhead power lines. The
voltage in these circuits is high, often in region
of 600 V. Death is rapid and often associated with
severe burns at the points of contact or earthing.

Figure 14.9 A traumatic amputation of the right arm and
bruising of the face and chest in a pedestrian struck by a
passing train.
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A careful search for unusual injuries inconsist-
ent with the setting, and examination for a vital
response to the severe blunt force injuries, should
be made, as homicides may be concealed by stag-
ing the scene, with the deceased being placed
on the rail track in an attempt to conceal the true
cause of death.

Railway workers may be injured or killed by
falling under, or by being struck by, moving roll-
ing stock or by being trapped between the buff-
ers of two trucks while uncoupling or coupling
the rolling stock. The injuries associated with the
squeezing between rolling stock are often those of
a flail chest, with or without evidence of traumatic
asphyxia.

In addition to any coroner’s inquest that would
be held if there was a fatality, the Irish Railway
Accident Investigation Unit (RAIU) will also con-
duct an investigation. It is responsible for the inves-
tigation of accidents or incidents on the national
railway, the DART, LUAS and Heritage railways. The
purpose of the RAIU is to improve railway safety
by establishing the cause or causes of an accident
with a view to making recommendations for the
avoidance of accidents in the future. It is not the
purpose of the RAIU to attribute blame or liability.

B Aircraft fatalities

Aviation incidents can be divided into two main
groups: those that involve the crew and the large
numbers of passengers of a modern, commercial
aircraft, and those that involve the occupants of
small, relatively slow, light aircraft.

Large aircraft are pressurized and, if the integ-
rity of the cabin is breached, there can be rapid
decompression and the passengers may suffer
barotrauma. If the defect in the cabin is large
enough, victims may exit through the defect and
fall to their death. When an aircraft hits the ground,
the results will depend on the rapidity of transfer
of the forces, and this is dependent on the speed
of the aircraft and the angle of impact. If the forces
are very severe, all passengers may be killed
by deceleration injuries and by multiple trauma
owing to loss of integrity of the fuselage.

In lesser impacts, the results may be similar
to those of motor vehicle crashes, although the
forces are usually greater and the injuries sus-
tained are proportionately more severe. The usual




lap-strap seat belt offers little protection in any-
thing but the most minor accident. Fire is one of
the greatest hazards in air crashes and accounts
for many deaths.

In light aircraft crashes, the velocity, and hence
the forces, may be less than in large commercial air-
craft, but they are still often fatal. The investigation
of air accidents is a task for specialist medical per-
sonnel, who are often available from the national air
force or from a civil authority. There should always
be a full autopsy on the pilot or suspected pilot, with
full microscopic and toxicological examination to
exclude natural disease, drugs and alcohol.

In addition to the coroner’s inquest if there was
a fatality (or fatalities) as a result of an air accident
in Ireland, the Irish Air Accident Investigation
Unit (AAIU) investigates aviation occurrences that
occur within the state of Ireland and co-ordinate
and co-operate with other safety investigation
authorities overseas, in particular, with those
authorities who conduct investigations into Irish
registered/operated aircraft abroad. The funda-
mental purpose of the investigations is to deter-
mine the circumstances and causes of the event,
with a view to the preservation of life and the
avoidance of similar occurrences in the future.The
AAIU investigation does not have the purpose of
apportioning blame or liability.

B Marine fatalities

Fatalities in the marine setting embrace a range
of marine-specific and general injury types. The
range of activities include commercial diving, rec-
reational diving, use of powered water sport bikes,
sailing, motor cruising and commercial marine
transport (e.g. oil tankers, container ships, passen-
ger vessels). The likelihood of dying in a marine
environment is enhanced by not wearing appro-
priate safety gear. In the recreational setting, fatal-
ities occur when individuals fall from vessels and
drown, or succumb to hypothermia, or cannot be
recovered back on board.

Physical injuries in recreational sailing are
widespread and examples include those of suf-
fering direct trauma (e.g. head or neck following
uncontrolled gybe; Figure 14.10), loss of digits
or limbs when caught up in winches or anchor
cable, limb fractures or skull fractures from direct
impact from flailing blocks and burn injury from

g ==t e

Figure 14.10 Abrasion of neck caused by mainsheet during
uncontrolled gybe.

uncontrolled rope movement. Drowning may
occur from being trapped after inversion of the
vessel. Motor-powered vessels may cause injury
from explosion or fire, or those in the water may
sustain injury from rotating propellers.
Commercial vessels may cause their own spe-
cific problems, such as asphyxiation in storage
tanks or falls from heights. Most of these sce-
narios are of an industrial/occupational nature
and may involve potential breaches of health and
safety legislation. In Ireland, the Marine Casualty
Investigation Board (MCIB) investigates all marine
casualties that take place in Irish waters or involv-
ing Irish registered vessels. Similarly to the coro-
ner’s inquest if there was a fatality within his or
her jurisdiction, the main purpose of the MCIB is
to establish the cause or causes of a marine casu-
alty in order to avoid a similar casualty occurring
again. The MCIB does not attribute blame or fault.
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B Introduction

The literal translation of the word ‘asphyxia’ from
the Greek means ‘absence or lack of pulsation’;
quite how this word has came to denote the effects
of ‘the lack of oxygen’is not clear, but it is now a
word commonly used to describe a range of con-
ditions for which the lack of oxygen, whether it is
partial (hypoxia) or complete (anoxia), is consid-
ered to be the cause (Table 15.1).

In forensic medicine, asphyxia often describes
a situation where there has been a physical
obstruction between the mouth and nose to the
alveoli, although other ‘asphyxial mechanisms’
exist, in which there is an inability to utilize oxy-
gen at the cellular level without there being a
physical airway obstruction. The term asphyxia
is not a term frequently used in clinical medi-
cine and, given the incomplete understanding
of the pathophysiology of many deaths occur-
ring following the application of pressure to the
chest and neck, for example, its use as a useful
descriptive term in such scenarios is perhaps
questionable.

Asphyxia

B Classification
of asphyxia

Although there are currently moves to develop an
internationally agreed classification for asphyxia,
for the purposes of exploring what is generally
currently broadly agreed in the forensic com-
munity as ‘asphyxia’, a simple classification of
‘asphyxial mechanisms’ is described below:

B Mechanical (Figure 15.1)

» strangulation (pressure applied to the neck
by means of a ligature, or by hands etc.)

* hanging (pressure applied to the neck
by means of a ligature combined with the
weight of the body)

* choking (physical obstruction within the
airways)

* compression asphyxia (pressure applied to
the chest or abdomen, resulting in a physi-
cal interference with the ability to breathe
effectively)

* smothering (physical obstruction of the
mouth/nose preventing effective breathing).
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Table 15.1 Examples of ‘asphyxial’ conditions

Underlying cause of death Name

Lack of oxygen in the inspired air | Suffocation
Blockage of the external orifices Suffocation/smothering
Blockage of the internal airways by | Gagging/choking

obstruction

Blockage of the internal airways by
external pressure

Strangulation/hanging

Restriction of chest movement Traumatic asphyxia

Failure of oxygen transportation (For example carbon monoxide

poisoning)

Failure of oxygen utilization (For example cyanide poisoning)

B Non-mechanical

* carbon monoxide poisoning (chemical
interference with respiration at a cellular
level — see Chapter 22, p. 191)

* cyanide poisoning (as above).

* Miscellaneous

* drowning (physical interference with effec-
tive respiration; see Chapter 16, p. 244).

Asphyxial insults are not necessarily fatal, the
outcome being largely dependent on the nature
of the insult, its degree, and its length of time. It
is possible for some survivors to suffer no signifi-
cant adverse long-term health effects, although
others may ‘survive’ in a vegetative state follow-
ing irreversible hypoxic-ischaemic brain injury,
depending on the length of time inadequate
oxygenation was experienced. In the living,
appropriate examination, documentation and
investigations will optimize the recovery of foren-
sically useful evidence in order to assist subse-
quent legal proceedings and, if such an individual
presents to hospital, it is appropriate for such an
examination to be made by a suitably experi-
enced forensic physician at the earliest oppor-
tunity. Where the insult has resulted in death,
examination by a forensic pathologist is recom-
mended in order to identify potentially subtle
evidence of assault.

B Phases and signs
of ‘asphyxia’

The general sequence of events currently
described in most ‘asphyxial episodes’ is: the
dyspnoea phase, convulsive phase, pre-terminal
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Figure 15.1 (a) Examples of the causes of mechanical asphyxia.
(b) Grip marks to the neck and jaw following attempted manual
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Box 15.1 Sequence of events that may be seen in asphyxial episodes

of minutes)

of minutes)
Gasping for breath — respiratory reflexes
@ Terminal —loss of movement, areflexial, pupillary dilatation

Dyspnoea phase — expiratory dyspnoea with raised respiratory rate, cyanosis and tachycardia (may last for a minute or more)
Convulsive phase — loss of consciousness, reduced respiratory movements, facial congestion, bradycardia, hypertension, fits (may last for a couple

o Pre-terminal respiratory phase —no respiratory action, failure of respiratory and circulatory centres, tachycardia, hypertension (may last a couple

respiratory phase, then gasping for breath
followed by the terminal phase (see Box 15.1).

Research into the pathophysiology of ‘asphyxia’
is ongoing, including attempts to analyse the
sequence of events depicted in recordings made
by individuals who hang themselves. It remains
to be seen whether such a sequence of events
is ‘asphyxial mechanism specific’, and whether
there is reliable, objective, evidence for a non-fatal
outcome at any (or all) of the pre-terminal phases
described above.

Traditionally, the ‘classic signs of asphyxia’
were described as:

B petechial haemorrhages in the skin of the face
and in the lining of the eyelids;

B congestion and oedema of the face;

B cyanosis (blue discoloration) of the skin of the
face;

B right heart congestion and abnormal fluidity
of the blood.

None of these ‘classic signs’ is, however, specific
for ‘asphyxia’, and they are commonly seen, for
example, in those dying from congestive cardiac
deaths. Raised intravascular pressure in blood ves-
sels in the head/neck explains the first three signs,
while right heart congestion and fluidity of blood
can be considered irrelevant to ascribing death
to ‘asphyxia’. Of these ‘classic signs’, the finding
of petechiae in the face/neck is of most impor-
tance to the forensic pathologist; it is a finding that
requires an explanation, and a careful search for
any evidence capable of supporting a diagnosis of
‘pressure having been applied to the neck or chest’
(Figure 15.2). Additional non-specific findings in
‘asphyxial deaths’ include congestion of the vis-
cera and petechiae (Tardieu spots) (Figure 15.3)

In survivors of an ‘asphyxial episode’, careful
clinical examination may show:

B pain and tenderness around the neck and
structures within the neck;

Figure 15.2 Petechial (and more confluent) haemorrhages in
the facial skin and conjunctivae following manual strangulation.

Figure 15.3 Tardieu spots (subpleural petechial haemorrhages)
following manual strangulation. These are no longer
considered to be specific for asphyxia.
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B damage to the
cartilages;
damage to the hyoid bone;

dried saliva around the mouth;

cyanosis (particularly if the survivor is found

immediately after the attack);

B congestion and oedema of the structures
above any level of compression;

B petechiae (see Chapter 8, p. 94) above the
level of the compressive force that has caused
the asphyxia;

B haemorrhage from the mouth, nose and ears,
presumably as a consequence of raised intra
vascular pressure; incontinence of faeces and
urine.

larynx and associated

B Types of mechanical
asphyxial mechanisms

Pressure to the neck

Three forms of the application of direct pressure to
the neck are of importance in forensic medicine,
namely manual strangulation, ligature strangula-
tion and hanging. In each of these it is not pos-
sible to predict how rapidly death will occur; in
some cases, death will be relatively ‘slow’, allow-
ing time for the development of the ‘classic signs
of asphyxia’ (although such signs may be evident
following the application of pressure to the neck
for a matter of seconds), while in other cases such
signs will be entirely absent.

The application of pressure to the neck may
lead to any of the following, the precise nature of
which is dependent upon the type, site and extent
of the pressure applied:

B obstruction of the jugular veins, causing
impaired venous return of blood from the head
to the heart (leading to cyanosis, congestion,
petechiae);

M obstruction of the carotid arteries which, if
severe, causes cerebral hypoxia;

B stimulation of carotid sinus baroreceptors at
the bifurcation of the common carotid arteries
resulting in a neurologically mediated cardiac
arrest;

B elevation of the larynx and tongue, closing
the airway at the level of the pharynx (unless
extreme pressure is applied to the neck, the
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cartilaginous trachea is more resistant to
compression).

Following mechanical pressure to the neck, loss of
consciousness can occur rapidly; traditionally, loss
of consciousness following hanging was thought
to occur within 10 seconds, and such a time-frame
would generally seem to be confirmed by analysis
of filmed hangings. The time taken to produce a
fatal outcome, however, has not been satisfactorily
established, although filmed hanging analysis
suggests a lack of recognizable respiratory
movements after 2 minutes and a lack of muscle
movements after 7.5 minutes. Experimental occlu-
sion of dog tracheas indicated the potential for
their survival up to 14 minutes following obstruc-
tive asphyxiation.

‘Vagal inhibition’ ox
reflex cardiac arrest

It has been recognized for some time that the
mechanical stimulation of the carotid sinus baro
receptors in the neck can result in an unpredict-
able, and sometimes fatal, outcome. Fatalities have
been described, for example, following appar-
ently minimal pressure being applied to the neck,
and such events have been attributed to vagal
inhibition or reflex cardiac arrest (Figure 15.4).
Therapeutic carotid sinus pressure is carried out
on individuals with an arrhythmia, while being
closely monitored, and is considered to be gen-
erally safe. The clinical response, however, has
also been described as being unpredictable,
and deaths have occurred because of ventricular
arrhythmias/asystole.

Stimulation of the carotid sinus barorecep-
tors results in impulses being transmitted via the
carotid sinus nerve (a branch of the glossopharyn-
geal nerve) to the nucleus of the tractus solitarius,
and vagal nuclei, in the medulla. Parasympathetic
impulses descend to the heart via the vagus nerve
leading to a profound bradycardia and potentially
asystole.

Death may supervene at any time following
the application of pressure to the neck, and it is
thought that such ‘vagal inhibition’ may explain
why so many individuals found hanging show
none of the classic signs of asphyxia.

The length of time that pressure to the neck/
chest must be maintained to produce congestion
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Figure 15.4 The carotid sinus baroreceptor and pressure to
the neck: (a) the location of the carotid sinus at the bifurcation
of the common carotid artery in the neck, and (b) pressure to
the neck causing compression of the carotid sinus.

and petechiae in a living victim is a matter of con-
tinued controversy, but it is generally accepted
that a minimum of 10-30 seconds is required. In
the absence of petechiae, it follows that if death
resulted from the application of pressure to the
neck, death must have supervened within that
length of time, a factor that may be of legal rel-
evance when considering a defendant’s actions.

Strangulation

Manual strangulation is used to describe the appli-
cation of pressure to the neck using the hands,and is
a relatively common mode of homicide, particularly
where there is disparity between the sizes of the

Petechiae
(skin, eyes, ears,
nostrils, mouth)

Ear bleed

Nose bleed
Fingernail
marks

Ligature mark

Congestion

Petechiae
Bruises, abrasions

Paler skin
below neck
(‘tide mark’)

Figure 15.5 Possible features of strangulation when cardiac
arrest is delayed.

assailant and victim. The external signs of manual
strangulation (Figure 15.5) can include bruises and
abrasions on the front and sides of the neck, and the
lower jaw; the pattern of skin surface injuries is often
difficult to interpret because of the dynamic nature
of an assault, and the possibility of the repeated
reapplication of pressure during strangulation.
Bruises caused by fingertip pressure (rounded or
oval-shaped bruises up to approximately 2 cm in
size) and fingernail scratches (linear or crescent-
shaped abrasions, imprints or skin breaches)
may be seen, the latter being made either by the
assailant or the victim (Figure 15.6).

When pressure to the neck is sustained, addi-
tional features of manual strangulation can include
the ‘classic asphyxial signs’, including facial pete-
chiae. In the living victim, clinical evaluation may
reveal pain on swallowing, hoarseness, stridor,
neck, head or back pain.

Ligature strangulation may be homicidal, sui-
cidal or accidental and involves the application of
pressure to the neck by an item capable of con-
stricting the neck, such as a scarf, neck-tie, stock-
ing or telephone cable etc. (Figure 15.7). There
is frequently a clear demarcation of congestion,
cyanosis and petechiae above the level of the
constricting ligature, and there is usually a ‘liga-
ture mark’ on the neck at the site of constriction.
This mark is probably formed by a combination
of compression and abrasion of the skin, and may
reflect the nature of the ligature itself, replicat-
ing the pattern of a plaited ligature, for example.
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A

Figure 15.6 Surface injuries on the neck and jaw in manual
strangulation. Note multiple bruises and abrasions; some of
these injuries are caused by the victim trying to release the grip
of the assailant.

Careful documentation of any pattern visible
within a ligature mark, with scaled photographs,
may enable comparison to be made with an item
suspected of being used as a ligature in that case
at a future date. Soft and broad-surface ligatures,
however, may leave very little evidence of com-
pression on the skin of the neck, or even injury to
underlying structures.

Marks on the neck in ligature strangulation may
encircle the neck horizontally, although clothing,
or hair, may be interposed between the ligature
and skin, resulting in discontinuities in the mark.
There may be marks suggestive of crossover of
the ligature, or knots, but there will be no pattern
suggestive of a suspension point, distinguish-
ing ligature strangulation from hanging, in which
the individual’s body weight against a ligature
leads to pressure being exerted on the neck. At
post-mortem examination, ligature marks are
frequently seen as brown parchmented bands,
reflecting post-mortem drying of the abraded
skin. While accidental and suicidal ligature stran-
gulation does occuy, it is recommended that such
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Figure 15.7 Ligature mark from a nylon scarf. Although the
fabric was broad, tight stretching of the fabric resulted in a
well-defined linear ‘band’ that could be mistaken for that made
by a cord or wire.

cases are treated with great caution until homicide
can be excluded by thorough investigation.

Pressure can be applied to the neck by means
other than the hands or a ligature; restraint tech-
niques may involve the use of ‘arm-locks’ or ‘choke
holds’, and investigations into deaths following
police/security service contact frequently involve
the evaluation of potential effects of restraint tech-
niques used prior to death. Such techniques may
or may not result in the production of asphyxial
signs or neck injury.

The extent of injury to soft tissues, muscles and
the skeleton of the neck (hyoid bone and thyroid
cartilage) varies depending upon the nature of
the pressure applied to the neck. Post-mortem
dissection of neck structures should always be
carried out following ‘drainage’ of the vascula-
ture of the neck, which can be achieved by car-
rying out the dissection after removal of the brain
and heart. Such a technique avoids the produc-
tion of artefactual haemorrhage at the back of
the larynx (Figure 15.8). There may be bruising
within the ‘strap muscles’ in the neck and injury
to the superior horns of the thyroid cartilage,
which are particularly vulnerable to compressive
injury (Figure 15.9). Suspected fractures should
be confirmed under the microscope as triticeous
cartilage mobility at the tips of the horns may
simulate fractures. The greater horns of the hyoid
bone may also be injured, albeit less frequently
than the thyroid cartilage. Calcification and ossi-
fication of the hyoid bone and thyroid cartilage
occurs with increasing age, and such change is



associated with less flexible structures that are
more prone to injury following neck compression.
Internal neck injuries are commonly less exten-
sive in ligature strangulation, with haemorrhage
often being more localized to the site of ligature
application.

EF
Figure 15.8 Layered in situ dissection of the anterior neck
structures is essential in order to evaluate injuries following
pressure to the neck. Such dissection must be carried out
following ‘drainage’ or ‘decompression’ of the blood vessels in
the neck to avoid artefactual haemorrhage.

Figure 15.9 Fracture of the left superior horn of the thyroid
cartilage following strangulation.

Hanging

Hanging describes suspension of the body by
the neck. Any material capable of forming a liga-
ture can be used for hanging. The pressure of the
ligature on the neck is produced by the weight
of the body; it is not necessary for the body to
be completely suspended, with the feet off the
ground and the body hanging free under gravity,
as death may result from hanging where the body
is slumped in a sitting, kneeling or half-lying posi-
tion, with the point of suspension occurring at the
level of, for example, a door-handle. As with liga-
ture strangulation, a ligature mark is commonly
present — often accompanied by a deep indenta-
tion or furrow in the skin — but discontinuous at
some point around the neck. This discontinuity
reflects the suspension point, which may be at the
sides or back of the neck, or even at the front of
the neck. If the ligature mark is seen to rise at the
sides of the neck, for example, to form an inverted
V-shaped mark at the back of the head, the sus-
pension point was at the back of the head (Figures
15.10 and 15.11).

The precise mechanism of death in hanging
is incompletely understood, although research
is ongoing. In the absence of classical signs of
asphyxia, even in hangings in which there is com-
plete suspension, the inference must be that death
has occurred more rapidly than it takes for such
signs to appear, raising the possibility that carotid
sinus pressure and neurogenic cardiac arrest has
played an important role.

Hanging by judicial execution involves a
‘drop’, for example through a trapdoor, calcu-
lated to result in cervical spinal cord injury and

Figure 15.10 Suicidal hanging: the rope rises to a point,
leaving a gap in the ligature mark — the suspension point — on
the neck.
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Figure 15.11 A deep furrowed ligature mark under the chin,
and rising to the back of the neck, in hanging. Note the spiral
weave pattern visible in the parchmented mark.

fracture-dislocation of the cervical spine, but with-
out decapitation. However, excluding judicial exe-
cution hangings, internal injury to neck structures
in hangings is frequently inconspicuous, and may
be entirely absent.

Non-judicial hanging is mostly a suicidal act of
males. Some cases are accidental and entangle-
ment with cords and ropes can occur, for example
with restraint harnesses or window-blind cords
in children. Occasionally, a homicide is staged to
resemble a suicidal hanging, and the pathologist
must be alert to the presence of injuries not capa-
ble of being explained by hanging. Post-mortem
toxicological analysis should be performed in all
hangings in order to determine whether the indi-
vidual was capable of self-suspension.

In survivors of accidental or suicidal hanging
there may be no adverse sequelae. For some there
may be residual hypoxic brain damage that may
be profound, or only detectable by neuropsycho-
logical assessment. Others have motor and/sen-
sory loss as a result of brain damage.

Choking

Accidental ingestion of objects or food can cause
choking, the internal obstruction of the upper air
passages by an object or substance impacted in
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the pharynx or larynx. Choking is, most commonly,
accidental and common causes include mis-
placed dentures in adults and inhaled objects
such as small toys, balls, etc., in children. In medi-
cal practice there are risks associated with indi-
viduals who are sedated or anaesthetized, when
objects such as extracted teeth or blood from den-
tal or ear, nose and throat (ENT) operations may
occlude the airway without provoking the normal
protective reflex of coughing. Obstruction com-
monly leads to respiratory distress with conges-
tion and cyanosis of the head and face.

Café coronary

One of the commonest causes of choking is
the entry of food into the air passages. If food
enters the larynx during swallowing, it usually
causes gross choking symptoms of coughing, dis-
tress and cyanosis, which can be fatal unless the
obstruction is cleared by coughing or some rapid
treatment is offered. However, if the piece of food
is large enough to occlude the larynx completely,
it will prevent not only breathing but also speech
and coughing. The individual may die silently and
quickly, the cause of death remaining hidden until
the autopsy. This is the so-called café coronary
(Figure 15.12).

Compressional and

positional asphyxia

Pressure on the trunk (chest and/or abdomen)
can result in an inability to breathe effectively
and result in death. Workmen trapped in col-
lapsed earth trenches, or buried in grain silos,
for example, can find that they are unable to
expand their chests, leading to marked ‘asphyxial
signs’. Similarly, individuals trapped under heavy
machinery experience an inability to breathe
effectively. Occasionally, individuals are crushed
by the weight of many other people fleeing dan-
ger, such as during a fire in a sports stadium. These
examples of ‘compression asphyxia’ are com-
monly referred to as traumatic or crush asphyxia
(Figure 15.13).

A less dramatic presentation of asphyxial signs
is commonly seen in individuals who find them-
selves in such an awkward body position that they
too are unable to breathe effectively. They may, for



Figure 15.12 Impaction of food in the larynx — café coronary.

example, attempt to squeeze through small gaps
in railings, or small open windows, and become
wedged preventing expansion of the chest
(Figure 15.14). Others may find themselves hang-
ing head first over the side of a bed, with their
head flexed into their chest, restricting air entry.
Such a scenario is termed positional or postural
asphyxia, and those involved are usually unable
to extricate themselves from the position in which
they find themselves because of impaired cogni-
tion or consciousness as a result of intoxication.
Individuals with impaired neurological function
owing to neurological disease may also succumb
to positional asphyxia, for example by attempting
to get out of a hospital bed with ‘cot sides’, and
becoming wedged between the bed and a wall.
Controversy exists in the forensic community
regarding the potential role of restraint tech-
niques by police, in particular where arms are
being secured behind the back and the subject is
being placed in a face-down position. Deaths in

Figure 15.13 Traumatic asphyxiation in the workplace:

(a) there is gross congestion of the head and face, with
petechiae following burial, up to the axillae, in an avalanche of
iron ore, and (b) gross conjunctival haemorrhages following
chest compression by ash.

such a scenario rarely involve restraint in isolation
but occur on a background of intense exertion,
substance misuse and mental health problems; it
is likely that such deaths represent the culmina-
tion of a number of adverse physiological factors.
Nevertheless, restraint techniques used by police/
security forces and others must minimize the risk
of positional asphyxia.

Suffocation and smothering

Suffocation is a term usually used to describe a
fatal reduction of the concentration of oxygen in
the respired atmosphere, and often incorporates
‘smothering’. A reduction in atmospheric oxygen
can occur, for example, in a decompressed air-
craft cabin, or in a grain silo. Mechanical obstruc-
tion of the upper airways can lead to suffocation,
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Figure 15.14 Postural asphyxiation. This intoxicated individual
slipped and fell from a window sill while trying to climb
through a fanlight window. He became wedged and could not
make sufficient respiratory movements. Facial (and left arm)
congestion and hypostasis is present.

Figure 15.15 Suicidal plastic bag asphyxia. Suffocation by
plastic bag often leaves no autopsy asphyxial signs, and
removal of the bag by another individual prior to autopsy
would cause significant interpretation problems.

as is seen when plastic bags are accidentally,
homicidally, or suicidally placed over the head
(Figure 15.18). Post-mortem examination in such
cases rarely reveals any of the ‘classic asphyxial
signs’.

Similarly, smothering — the physical occlusion
of the nose and mouth - may leave no ‘asphyx-
ial signs’ in survivors or the deceased. If the
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individuals are unable to struggle, owing to
extremes of age or intoxication, for example, they
may have no evidence of injury, including around
the mouth or nose. Occasionally, examination will
reveal intraoral injury (including bruising or lac-
eration of the insides of the lips or bruising of the
gums in an edentulous individual) and soft tissue
dissection of the face may reveal subcutaneous
bruising around the mouth and nose. Smothering
may therefore be impossible to diagnose at post-
mortem examination.

Retention of items/objects alleged to have
been used to smother individuals that survive, for
example, may have evidential value. Saliva, for
example, may be identified on a pillow used in
an attack and DNA matching may corroborate the
account given.

Autoerotic asphyxia

Autoerotic asphyxia is the term used to describe
those fatalities occurring during some form of sol-
itary sexual activity. Many other terms have been
used to describe deaths such as these including
sexual asphyxia, sex hanging, asphyxiophilia,
Kotzwarrism, autoasphyxiophilia and hypoxyph-
ilia. The recurrent feature tends to be the use of
a device, appliance or restraint that causes neck
compression, leading to cerebral hypoxia, with
the aim of heightening the sexual response. Such
deaths, which usually involve men, occur predom-
inantly as a result of failure of safety devices.

The presence of the following features should
be considered when ‘diagnosing’ autoerotic
asphyxiation:

B evidence of solo sexual activity;

B private or secure location;

B evidence of previous similar activity in the

past;

no apparent suicidal intent;

unusual props including ligatures, clothing,

and pornography;

B failure of a device or set-up integral to the
activity causing death.

Death results from the application of pressure
to the neck, and as with other ligature-related
deaths, the presence of classic asphyxial signs is
variable. The presence of gags or other means of
occluding the airways may lead to a death more
akin to upper airway occlusion than pressure



to the neck, and the addition of an asphyxi-
ant substance (such as nitrous oxide gas) within
coverings over the head may lead to suffocation.
The presence of injuries suggestive of assault
must be looked for carefully, and the possibility
of third-party involvement must always be consid-
ered in such cases.
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Introduction

Evidence of immersion

Post-mortem artefact and

immersion

B Pathological diagnosis of drowning

B Alternative mechanisms of death in
immersion

B The role of alcohol in drowning

B Other investigations in bodies
recovered from water

B Further information sources

B Introduction

The presence of a body in water does not neces-
sarily indicate drowning. Most bodies found in
water are there as a result of accident or suicide.
However, certain clues when a body is recovered
(e.g. ligatures to hands and feet) may suggest a
criminal act. Drowning can occur in only a few
inches of water, and when investigating a possible
drowning death as much knowledge as possible of
the circumstances and locus is needed to make a
proper and accurate determination of the cause of
death. Jumping or diving into water may result in
limb or head injuries that render a person incapa-
ble of swimming. Bodies are frequently retrieved
from water; this process in itself may require the
expertise of marine recovery units as there may
be considerable hazard in ensuring the body is
returned to dry land. The process of recovery may
hamper investigation and contaminate a potential
crime scene.

The pathological investigation of deaths follow-
ing the recovery of a body from water is difficult,
given that a wide range of potential explana-
tions for death exist; some examples are given in

Immersion and

drowning

Box 16.1. The pathologist must attempt to address
all of these potential explanations for death and
determine if there is any pathological evidence
capable of supporting a diagnosis of drowning.
The death investigation must also address other
questions such as how did the individual get into
the water and what prevented survival?

B Evidence of immersion

A number of changes appear on the skin and body
surface after a body has been in water for enough
time. The changes described later appear at very
variable times, as there are many factors that may
influence how these changes appear. Relevant
factors that may influence the condition of a body
include whether the water is salt or fresh, whether
the water source is tidal or non-tidal, the presence
of possible predators, water temperature, clothing
worn on the body and type of surface at the base
of the water.

Generally, if left in water for long enough, the
skin of the hands and feet will become wrin-
kled and macerated. The fingertips become
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16 Immersion and drowning

Box 16.1 Examples of reasons for death

in a body recovered from water

@ Died of natural causes before entering the water (e.g. a myocardial
infarction)

@ Died of natural causes while in the water, having entered the water
either voluntarily or accidentally (e.g. micturating into a canal and los-
ing balance)

@ Died from exposure and hypothermia in the water (particularly in the
thin, the young and the elderly)

@ Died of injuries or other unnatural cause before entering the water (e.g.
an assault)

@ Died of injuries after entering the water (e.g. being hit by a boat or
jet ski)

@ Died from submersion, but not drowning

@ Died from true drowning as a result of aspiration of water into the
lungs

- : 5 i ig|
Figure 16.1 ‘Washer woman’s hands’. Waterlogged skin after
1 week of immersion in a cold climate.

opaque and wrinkled (‘washerwoman’s fingers’;
Figure 16.1) within a few hours of immersion in
cold water (and a shorter time in warm water).
As immersion time increases, macerated skin
begins to separate, leading to skin peeling and
‘degloving’ of the skin of the hands and feet
(Figure 16.2). Loss of pigment layers may be
apparent, causing colour change in skin, which
can sometimes mislead as to the ethnic origin of
the deceased.

Estimating the post-mortem interval from
signs of immersion, and decomposition, in a body
recovered from water is completely unreliable
and entirely temperature dependent. Once again
there is an oft quoted (but not evidence-based)
‘rule of thumb’ recognizing that decomposition in
water in temperate climates occurs at roughly half
the rate of a body left in air.
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Figure 16.2 Peeling of the epidermis from the foot (degloving)
following a few weeks of immersion.

Bloating of the body (face, abdomen and
genitals) owing to gas formation in soft tissues
and body cavities is often evident after approxi-
mately a few days’ immersion in temperate condi-
tions, after which skin and hair loosening leads to
their detachment. However, the skin and hair can
remain in situ for weeks at a time.

Gaseous decomposition and bloating often
causes the body to ‘float to the surface’ of the water
in which it is submerged, leading to its discovery.
If the body has a lot of fat it may sink for only a
short period, even in the absence of bloating.

B Post-mortem artefact
and immersion

Bodies moved by the flow of water may come
into contact with sand/silt, rocks, piers and other
under-water obstructions, all of which can injure
the skin and deeper structures (Figure 16.3)
Contact of a body with propeller blades classically
leads to deep ‘chop’ wounds and/or lacerations.
Post-mortem injuries produced in such circum-
stances must be differentiated from ante-mortem
injuries suggestive of assault.

Other artefactual injuries characterized by
immersion include damage to the body by marine
life (for example, fish, crustaceans, molluscs




Figure 16.3 Post-mortem injuries to the back of the hand in a
body recovered from a shallow river. Such injuries are likely to
have been caused by contact against the river bed.

and larger animals; Figure 16.4) and as the post-
mortem interval increases, fragments/limbs may
become detached and lost.

B Pathological
diagnosis of drowning

Pathophysiology of drowning

Regardless of the composition of water/fluid,
drowning — the process of experiencing respira-
tory impairment from submersion in a liquid —
may result in pulmonary surfactant insufficiency/
damage, pulmonary oedema, alveolitis, hypoxae-
mia and metabolic acidosis.

As time in cold water continues, so does the
likelihood of hypothermia (core body tempera-
ture 35°C). As hypothermia develops, cogni-
tive function becomes impaired increasing the
risks of (1) wrong decisions and (2) aspiration
of water.

Drowning is a mixture of both mechanical
presence of water within the respiratory system
(causing a mechanical asphyxia) and fluid and
electrolyte changes which vary according to the
medium (sea water versus fresh water) in which
immersion has occurred.

Fresh water is hypotonic compared with
plasma and, when inhaled, is rapidly absorbed
into the bloodstream, causing transient (but clini-
cally irrelevant) electrolyte dilution and hyper-
volaemia. It causes alveolar collapse/atelectasis
because of alteration of surface tension properties
of pulmonary surfactant, resulting in intrapulmo-
nary (left to right) shunts.
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Figure 16.4 Post-mortem injuries caused by marine creature
predation. This body was recovered from the sea and the
circular skin defects are likely to have been caused by
crustaceans such as crabs.

Sea water is hypertonic compared with plasma
and, when inhaled, results in fluid shifts into alve-
oli, plasma electrolyte hyperconcentration and
hypovolaemia. Sea water inhalation causes sur-
factant loss.

Aspiration of fresh or sea water leads to sys-
temic hypoxaemia causing myocardial depres-
sion, reflex pulmonary vasoconstriction and
altered pulmonary capillary permeability,
contributing to pulmonary oedema. There is
an inverse relationship between survival and
the volume of aspirated fluid (sea water being
twice as ‘lethal’ as fresh water), but even small
quantities (i.e. as little as 30 mL) cause arterial
hypoxaemia.

Signs of drowning

Autopsy findings ascribed to drowning reflect
the pathophysiology of submersion and aspira-
tion of the drowning medium (Box 16.2). However,
none of these findings are diagnostic of drown-
ing or present in all verified drownings, and so
the autopsy diagnosis of drowning is one that can
cause considerable difficulty.

B Alternative mechanisms
of death in immersion

Attempts to explain death in individuals recovered
from water without autopsy signs of aspiration
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16 Immersion and drowning

Box 16.2 Findings that may be

associated with drowning

e External foam/froth and frothy fluid in the airways reflects
an admixture of bronchial secretion/mucus, proteinaceous material and
pulmonary surfactant with aspirated fluid (Figure 16.5). This froth/foam
has been likened to ‘whisked egg white’ in texture and consistency, with
a different quality to that seen in, for example, cardiac failure.

e Emphysema aquosum/heavy lungs describes hyperex-
panded and ‘water-logged’ lungs, whose medial margins meet in the
midline and which do not collapse on removal from the body. There may
be rib imprints on the surface of the lungs, and copious frothy fluid may
exude from their cut surfaces. Combined lung weights of over 1 kg has
been said to indicate fresh-water drowning (Figure 16.6).

o Pleural fluid accumulation has been associated with drown-
ing, the volume of which controversially being said to reflect the post-
mortem interval.

o Subpleural haemorrhages (Paultauf’s spots) probably reflect
haemolysis within intra-alveolar haemorrhages, and have been
described in 5—60% of drownings.

@ Miscellaneous signs including middle ear congestion/naemor-
rhage, bloody/watery fluid in the intracranial sinuses, engorgement
of solid organs, reduced weight of the spleen and muscular haem-
orrhages in the neck and back have all been proposed as additional
physical signs of drowning.

® Microscopy of the lungs revealing alveolar distension, haemor-
rhage and rupture, and narrowed capillaries, has been proposed as a
sign of drowning but remains open to debate.

Figure 16.5 Frothy fluid exuding from the mouth following
drowning.

of water led to the concept of ‘dry drowning’,
although alternative explanations for such deaths
include trauma, the effects of intoxication, arrhyth-
mia, laryngospasm or some other neurologically
mediated mechanism.

Stimulation of trigeminal nerve receptors by
immersing the face (and pharyngeal/laryngeal
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Figure 16.6 Emphysema aquosum following drowning. The
lungs are hyperinflated, crossing the midline and obscuring the
pericardial sac. There are subpleural haemorrhages in the right
lung middle lobe (Paultauf’s spots).

mucosa) in water has been shown to elicit reflex
apnoea, bradycardia and peripheral vasoconstric-
tion in humans - the ‘diving response’ — which is
augmented by anxiety/fear, a water temperature
of less than 20°C and possibly alcohol, increas-
ing the likelihood of the development of a fatal
arrhythmia. Cardiac arrest has also been docu-
mented following entry of water into the nose.

The cold shock response, which is initiated
by peripheral subcutaneous receptors, causes
respiratory effects (inspiratory gasp and uncon-
trolled hyperventilation, respiratory alkalosis
and cerebral hypoxia) and cardiovascular effects
(tachycardia, increased cardiac output, hyperten-
sion and ‘heart strain’ potentially leading to car-
diac irritability and ventricular fibrillation), which
appear temperature dependent.

Co-stimulation of both diving and cold shock
responses may precipitate supraventricular
arrhythmias.

B The role of alcohol
in drowning

Alcohol is frequently found in the blood of adult
drowning victims but a causative role has not
been proven. The strongest association between
the two is in relation to ‘fall-related’ cases; concus-
sive head injuries may be exacerbated by alco-
hol, with immersion/submersion contributing to
a fatal outcome. Vasodilation from alcohol intake




may hasten hypothermia. If a person is heavily
intoxicated through alcohol (or other drugs) his
ability to respond appropriately to save himself
may be hampered by confusion, ataxia and inco-
ordination as a direct result of the alcohol.

B Other investigations
in bodies recovered
from water

Post-mortem blood chloride and specific gravity
analyses used to be performed in some centres in
order to differentiate fresh and sea water drown-
ing; such tests are of no utility in the diagnosis of
drowning. Blood strontium analysis has been pro-
posed as a marker of drowning, but this test has
not found wide-spread acceptance.

Diatoms

Diatoms are microscopic organisms present in
sea and fresh water, and have a siliceous cap-
sule that survives acid digestion in the laboratory
(Figure 16.7). The presence of diatoms in organs
(kidneys and brain) and the bone marrow has
been taken to imply that an individual found in the
water drowned in that water, where diatoms found
in their body ‘match’ those found in the water
(see also Chapter 24, p. 267). However, the inter-
pretation of diatom testing remains controversial,
as diatoms have been found to be ubiquitous in
food and the environment, have been found in
non-drowning deaths and have been absent in
‘known’ cases of drowning. The use of diatomol-
ogy in the forensic diagnosis of drowning must be

Figure 16.7 Diatoms from lake water.

used with caution and in the context of other avail-
able evidence, but may be useful in corroboration
of findings.

B Further information
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B Introduction

B Injury caused by heat

B Cold injury (hypothermia)
B Electrical injury

B Further information sources

B Introduction

Heat, cold and electricity are some of the ‘physi-
cal agents’ that can cause non-kinetic injuries to
the body.

B Injury caused by heat

Burns are caused by the transfer of energy from
a physical or chemical source into living tissues,
which causes disruption of their normal metabolic
processes and commonly leads to irreversible
changes that end in tissue death. Exposure of liv-
ing tissue to high temperatures can cause dam-
age to cells, the extent of which is a function of the
temperature to which the tissues are exposed, and
the length of time of that exposure. Complete epi-
dermal necrosis can occur at 44°C if exposed for
6 hours, while such necrosis occurs within 5 sec-
onds at 60°C and less than 1 second at 70°C.

The heat source may be dry or wet; where the
heat is dry, the resultant injury is called a ‘burn’,
whereas with moist heat from hot water, steam and
other hot liquids it is generally known as ‘scald-
ing’. Certain settings, such as war zones or ter-
rorist attacks result in particular types of thermal

Heat, cold
and electrical
trauma

injury, from improvised explosive devices, which
may be associated with all other features of blast
injury, posing particular management problems.

Burns

Dry burns may be conveniently classified by their
severity (degree of burn injury and depth of tissue
burned) and extent (burn area).

Severity of burn

Several systems of classification of burn sever-
ity exist (Box 17.1), which can sometimes lead to
confusion as there may be some overlap of terms
(Figure 17.1). Perhaps the most widely used his-
torically is:

B first degree -
(vesiculation);

B second degree — burning of the full-thickness
of the epidermis and exposure of the dermis;

B third degree — destruction down to subdermal
tissues, sometimes with carbonization and
exposure of muscle and bone.

erythema and blistering

In recent years another classification has been
used to reflect potential treatment options and
this describes three main categories of burn as
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17 Heat, cold and electrical trauma

Box 17.1 A classification of burns related to extent of tissue damage

@ Very superficial burns — for example those caused by sunburn —may simply cause reddening with mild blistering that may occur after 12—18 hours. After

5-10 days the damaged layers of cells peel off without residual scarring

@ Partial-thickness burns destroy the whole of the epidermis and possibly part of the next cellular layer — the dermis

@ Superficial partial-thickness burns result in fluid production which lifts off the dead epidermis forming blisters and subsequently scabs. Sensory nerves
are damaged and the burn is very painful. New epithelium grows quickly and the burn heals in 10—14 days with little or no scarring

® Deep partial-thickness burns are often less painful as nerve endings are destroyed and scarring is likely to be marked if the wound is allowed to heal

spontaneously without skin grafting

e Full-thickness burns destroy all skin elements and may require substantial reconstructive surgery because of the potential for incapacitating scarring

(Figure 17.1)

Figure 17.1 The extensiveness of burns on a body recovered
from a fire may be varied. This individual had second and third
degree burns after dousing himself with petrol before setting
himself on fire (self-immolation). Note the molten and singed hair.

‘full thickness’ (destroying the full thickness of
skin) and ‘partial thickness’, which is divided into
‘superficial’ and ‘deep’.

Extent of burn

The size of the area of burning may be more
important in the assessment of the dangers of the
burn than the depth. Mapping the area of skin
burned on body charts (for example the Lund and
Browder chart) may be helpful, although body sur-
face area affected by burns may be conveniently

196

FRONT 18%
BACK 18%

Figure 17.2 The ‘Rule of Nines’.

expressed as a percentage of the total body sur-
face area using the ‘Rule of Nines’ (Figure 17.2).
Factors influencing mortality risk include burn
area, increasing age and the presence of inhala-
tion airway injury; the presence of multiple risk
factors substantially increases the risk of death
from burns. There is considerable individual vari-
ation and the speed and extent of emergency
treatment will play a significant part in the mozr-
bidity and mortality from burns. In dry burns, any
clothing can offer some protection against heat,
unless it ignites. Scars or burns from such injury



Figure 17.3 Mark of clothing evident on skin.

may reflect the pattern or style of clothing warn at
the time of burn (Figure 17.3).

Scalds

The general features of scalds are similar to those
of burns, with erythema and blistering, but char-
ring of the skin is only found when the liquid is
extremely hot, such as with molten metal. The
pattern of scalding will depend upon the way in
which the body has been exposed to the fluid:
immersion into hot liquid results in an upper ‘fluid
level’, whereas splashed or scattered droplets of
liquid result in scattered punctate areas of scald-
ing. Runs or dribbles of hot fluid will leave charac-
teristic areas of scalding. These runs or dribbles
will generally flow under the influence of gravity
and this can provide a marker to the orientation
or position of the victim at the time the fluid was
moving (Figure 17.4). Children pulling saucepans
with hot liquid off a cooker can result in this type
of injury. This may have great relevance when two
different accounts of how the injury was sustained
are given.

If only small quantities of hot liquid hit the skin,
cooling will be rapid, which will reduce the amount
of damage done to the skin. However, if clothing is
soaked by hot fluid, the underlying skin may be
badly affected, as the fabric will retain the hot lig-
uid against the skin surface. Scalding is seen in
industrial accidents where steam pipes or boilers
burst and it is also seen in children who pull ket-
tles and cooking pots down upon themselves.

Figure 17.4 Pattern of scalding from running water.

Scalds are also seen in child physical abuse
and are the most common intentional thermal
injury in children. A recent systematic review of
the literature identified features most commonly
associated with accidental and intentional scalds
when a child is placed in a tub or bath of hot water.
Accidental scalds (from hot beverages/liquids
being pulled of a table top, etc.) are predomi-
nantly ‘spill’ injuries from ‘flowing liquid’, charac-
terized by scalds with irregular margins and burn
depth, and lacking a ‘glove and stocking’ distribu-
tion. Intentional scalds are predominantly those
caused by forced immersion in hot water, giving
rise to symmetrical ‘glove and stocking’ injuries
to the limbs, sparing skin folds (and buttocks in
those forced to sit in hot water), which are of uni-
form depth (Figure 17.5). Other injuries or marks
suggestive of non-accidental injury may accom-
pany intentional scalds (see Chapter 13, p. 158).

Pathophysiological
consequences of
thermal injury

Burned/scalded tissue elicits an acute inflam-
matory response, leading to increased cap-
illary permeability at the injured site; tissue
fluid loss associated with thermal injury can be
severe enough to cause dehydration, electrolyte
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(b)

Figure 17.5 Pattern of scalding from forced immersion in a
hot bath. Note the clear demarcation between scalded and
uninjured skin representing the fluid level of the bath. Sparing
of skin on the buttocks reflects firm contact between those
parts and the base of the bath.

disturbance and hypovolaemic shock and, if the
burn area exceeds 20% of the total body surface
area, the release of systemic inflammatory medi-
ators which may lead to acute lung injury and
multiple organ dysfunction/failure. Burned skin
provides no protection against infection, increas-
ing the risk of sepsis in survivors.

Exposure to heat/hyperthermia

Hyperthermia - a condition where the core
body temperature is greater than 40°C (100°F) —
occurs when heat is no longer effectively dis-
sipated, leading to excessive heat retention. Its
development is more likely in those who have
taken substances (e.g. drugs, including cocaine
and amphetamine) that elevate metabolic rate/
heat production or reduce sweating, or in those
with medical conditions (e.g. hyperthyroidism).
Autopsy findings in ‘heat illness’, including ‘heat
stroke’, are non-specific but can include pulmo-
nary and/or cerebral oedema, visceral surface
petechiae and features in keeping with ‘shock’
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Figure 17.6 Charred body at the scene of a fire showing the
‘pugilist attitude’ and post-mortem skin splits on the chest.
Extreme care must be taken to preserve the teeth in such
cases, in order to assist identification of the deceased.

and multiple organ failure in those who survive
for a short period.

Pathological investigation of
bodies recovered from fires

When a fire results in a fatality, there should be a
low threshold for treating the death with caution,
in view of the potential for there to have been an
attempt made to conceal a homicide by ‘burning
the evidence’. The need for safety of investiga-
tors after events such as gas explosions, is a very
important consideration in the examination of fire
scenes.

The fire scene must be examined by special-
ist investigators with expertise in the interpre-
tation of the causes and ‘point of origin’ or ‘seat’
of fires, and the use of accelerants, such as pet-
rol (see Chapter 23, p. 262). Attendance at the



Figure 17.7 The finding of a body in a burnt-out car should
always be treated with suspicion. Carboxyhaemoglobin levels

may be low in rapid flash petrol fires leading to difficulties in
assessing vitality at the time of the fire.

scene by a pathologist is important and assists
subsequent interpretation of post-mortem find-
ings (Figures 17.6 and 17.7). The position of the
body when discovered is important because
sometimes, when flames or smoke are advancing,
the victim will retreat into a corner, a cupboard or
other hiding place, or they may simply move to a
place furthest away from the fire or to a doorway
or window, all of which may indicate that the victim
was probably still alive and capable of movement
for some time after the start of the fire.

The pathological investigation of bodies recov-
ered from fires should attempt to:

B confirm the identity of the deceased,;

B determine whether the deceased was alive at
some time during the fire (or was dead before
it started);

B determine why the deceased was in the fire
(and why they could not get out of it);

B determine the cause of death; and

B determine (or give an opinion as to) the man-
ner of death.

Visual identification from facial features may be
possible if there has been limited fire damage to
the body, but heat damage can cause major distor-
tion of such features even in the absence of direct
burns.

Personal effects may assist identification, as
will unique medical features and factors such
as the presence of scars and tattoos, but where
there is severe charring of the body more robust
means of identification must be relied on such
as dental examination and comparison of the

Figure 17.8 Radiography of charred remains is recommended
in order to look for projectiles. These fragmented burnt
remains include part of a disposable lighter.

dentition with available ante-mortem records or
DNA analysis.

Post-mortem radiography should usually be
performed before dissection, with particular
emphasis on radiographs to assist identification
(dentition, surgical prostheses, etc.), to identify
fractures (including healing fractures with cal-
lus) and to exclude projectiles such as bullets and
shrapnel (Figure 17.8).

Determination of ‘vitality’ (the fact that some-
one was alive) during the fire at post-mortem
examination may be possible by the finding of
soot in the airways, oesophagus and/or stomach
— the implication that respiration was required
to inhale the soot. The presence of soot below
the level of the vocal cords, often accompa-
nied by thermal injury of the epithelial lining
of the airways, is particularly useful, and may
be confirmed under the microscope (Figures
17.9-17.11). Blood samples can be taken for
a rapid assessment of carboxyhaemoglobin,
as a convenient marker of the inhalation of the
combustion products of fire, i.e. the inhalation
of carbon monoxide, a product of incomplete
combustion.

While carboxyhaemoglobin levels are com-
monly elevated in fire deaths (a level of over 50
percent often being considered good evidence
of death having occurred as a consequence of
breathing in the combustion products of fire),
lower levels do not necessarily mean that the
deceased was not alive at some time during the
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Figure 17.9 Pathological evidence of vitality at the time of
the fire. Soot staining following inhalation of the combustion
products of fire is clearly visible to the ‘naked eye’ in this
trachea (a), and such a finding can be confirmed under the
microscope (b).

fire. In some circumstances, such as flash-over
fires and petrol conflagrations in vehicles, for
example, it is not uncommon to find low post-
mortem carboxyhaemoglobin levels. Other
factors may raise carboxyhaemoglobin levels.
Cigarette smokers, for example, may ‘tolerate’
an elevated background carboxyhaemoglobin
level (which may be as high as 20 percent in
heavy cigar smokers), whereas individuals with
chronic heart and/or lung disease may not toler-
ate even very low levels before succumbing in a
fire (Box 17.2).
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Figure 17.10 Soot staining can be seen in the cesophagus in
this body recovered from a house fire. Such staining indicates
that the deceased was alive — and able to swallow — at the
time of the fire.

Figure 17.11 Thermal injury to the back of the throat provides
evidence of the inhalation of hot gases during a fire, and
provides a useful sign of vitality at the time of a fire.

Deaths occurring during a fire

The majority of burnt bodies recovered from fires
will not have died from the direct effect of burns,
but from exposure to the products of combustion
(smoke, carbon monoxide, cyanide and a cocktail
of toxic combustion by-products) and/or the inha-
lation of hot air/gases (Box 17.3).

Deaths occurring after a fire may occur because
of the large variety of potential complications of
thermal injury such as hypovolaemic shock fol-
lowing fluid loss, overwhelming infection, the
inhalation of combustion products (causing
acute lung injury), renal failure or blood-clotting
abnormalities.



Box 17.2 Examples of reasons for failure to escape from a fire

Deceased was already dead before the start of the fire
Deceased was intoxicated (alcohol and/or drugs)
Deceased was elderly and/or disabled

Deceased was immobile

disease)

There was panic/confusion
Escape routes were obstructed (deliberately or accidentally)

Deceased was rapidly overcome by fumes/smoke because of ‘poor physiological reserve’ (€.g. ischaemic heart disease or chronic obstructive airways

Deceased had insufficient time to escape the fire owing to the nature of the fire itself (an explosion or ‘flash fire’)

Deceased was in an unfamiliar environment (and did not know where the escape route was)

Box 17.3 Examples of mechanisms of death in fires

Exposure to extreme heat and shock
Trauma
Exacerbation of pre-existing natural disease or burns

Interference with respiration (owing to a reduction in environmental oxygen and/or the production of carbon monoxide and other toxic substances)
Inhalation heat injury leading to laryngospasm, bronchospasm and so-called ‘vagal inhibition” and cardiac arrest

Figure 17.12 Appearance of ‘pugilistic attitude’ as a respose
to heat effect more on flexor than extensor muscle grasp.

While the determination of ‘manner of death’
usually rests with the appropriate medico-legal
authority, an opinion from the forensic pathologist
is frequently sought. The interpretation of injury in
bodies recovered from fire is complicated by arte-
facts related to exposure to fire:

B the so-called ‘pugilist attitude’ of the body
reflects differential heat-related contraction
of muscle, leading to flexion of the forearms,
hands and thighs (Figure 17.12);

B post-mortem splitting of fragile burnt skin
(Figure 17.13);

M fire and heat-related fractures; and

B heat-related ‘extradural haemorrhage’, caused
when severe heat has been applied to the
scalp, resulting in expansion of the blood in

Figure 17.13 Post-mortem artefactual skin splitting in charred
skin. No haemorrhage can be seen in the depths of the splits
and they should not be confused with ante-mortem injuries.

the skull diplée and the intracranial venous
sinuses, which rupture, resulting in the forma-
tion of a collection of brown and spongy blood
outside the meninges (Figure 17.14).

Such artefacts often cause concern to police and/
or fire officers attending the scene, and may be
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Figure 17.14 Post-mortem fire-related skull fractures in

a severely charred body. There is a reddish-brown heat
haematoma/extradural haemorrhage on the inner surface of
the carbonized cranial vault.

misinterpreted as representing the effects of ante-
mortem violence.

Careful consideration of all apparently trau-
matic lesions must be made in order to determine
the true nature of such post-mortem lesions; the
lack of naked eye or microscopic evidence of
vitality (such as erythema, blistering, tissue swell-
ing, bruising or an acute inflammatory reaction)
will frequently distinguish artefact from trauma
inflicted before death, unless they were inflicted
at, or around, the time of death. In cases where
there is doubt, an evaluation of the overall pat-
tern and distribution of such lesions may assist in
the interpretation of artefact versus ante-mortem
trauma.

The manner of death may be homicide (follow-
ing arson or where death was caused by violence
before the fire being set), accident (e.g. an intoxi-
cated individual attempting to cook, or from
a discarded cigarette) or, rarely, suicide (self
immolation).

B Cold injury
(hypothermia)

Cold injury (hypothermia) has both clinical and
forensic aspects, as many people suffer from and
die of hypothermia even in temperate climates
in winter. In marine disasters, hypothermia may
be as common a cause of death as drowning. In
the very cold waters of seas, and lakes in high
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latitudes, death from immersion may occur within
a few minutes from sheer heat loss and before true
drowning can occur.

Deaths from exposure occur through heat loss
from radiation, convection, conduction, respira-
tion and evaporation. Environmental temperatures
below 10°C are probably sufficient to cause harm-
ful hypothermia in vulnerable individuals.

Hypothermia occurs when a person’s normal
body temperature of around 37°C (98.6°F) drops
below 35°C (95°F). It is usually caused by being in
a cold environment. It can be triggered by a com-
bination of factors, including prolonged exposure
to cold (such as staying outdoors in cold condi-
tions or in a poorly heated room for a long time),
rain, wind, sweat, inactivity or being in cold water.

It is usually healthy individuals who succumb
to death from hypothermia caused by a cold envi-
ronment. If a body gets cold, the normal response
is to warm up by becoming more active, putting on
more clothing layers or moving indoors. If expo-
sure to the cold continues, other physiological
processes will attempt to prevent any further heat
loss. These processes include shivering (which
keeps the major organs at normal temperature),
restricting blood flow to the skin and releasing
hormones to generate heat. After prolonged expo-
sure to the cold, these responses are not enough to
maintain body temperature. At this point, shivering
stops and heart rate decreases. This can happen
quickly. Alcohol consumption worsens hypother-
mia as it causes vascular dilatation and increased
heat radiation. Wind and rainfall exacerbate the
drop in body temperature. The body may rapidly
lose temperature when immersed in cold water,
as water has a cooling effect that is 20-30 times
that of dry air. Hypothermia may confer a protec-
tive effect on survival following cold water immer-
sion, but survival may be accompanied by severe
hypoxic brain injury.

In many patients there may be an underlying
medical cause (such as thyroid or pituitary dys-
function), or it may be associated with immobile
or demented patients or conditions such as pneu-
monia. It is characterized by depression (poor
functioning) of the cardiovascular and nervous
systems.

Generally, the elderly, children and trauma
patients are susceptible to hypothermia.
Hypothermia can be classified into mild (core
temperature 32-35°C compared with a normal of



37.5°C), moderate (30-32°C), or severe (< 30°C).
Below a core temperature of 32°C, shivering
ceases and thus this extra muscle activity will
no longer generate heat, worsening the situa-
tion. Unconsciousness may occur between core
temperatures of 27°C and 30°C, while ventricular
fibrillation and apnoea occur at core temperatures
below 27°C. Those who may be prone to develop-
ing hypothermia are those in extreme weather
conditions (e.g. climbers, walkers, skiers, sailors),
homeless people who are unable to find shelter,
heavy drug and/or alcohol users (collapsing in
the open) and those who have been immersed in
cold water.

Hypothermia is usually diagnosed on the basis
of typical symptoms and environment, and can
be divided into mild, moderate and severe cases
(Box 17.4). When unconscious, a person will not
appear to have a pulse or be breathing. Treatment
of severe hypothermia may not be successful.
The key to treatment is a controlled rewarming
that must be under medical supervision, and may
require intervention such as dialysis.

It is important to remember that the weather
doesnot have to be unusually cold for hypothermia

Box 17.4 Features of mild, moderate

and severe hypothermia

o Mild cases
— shivering
— feeling cold
— lethargy
— cold, pale skin
® Moderate cases
— violent, uncontrollable shivering
— cognitive impairment
— confusion
- loss of judgement and reasoning
— loss of coordination, including difficulty moving around or stumbling
— memory loss
— drowsiness
— slurred speech
— apathy
— slow, shallow breathing
— weak pulse
® Severe cases
— loss of control of hands, feet and limbs
— uncontrollable shivering that suddenly stops
— UNCONSCiousness
— shallow or no breathing, weak
— irregular or no pulse
— stiff muscles
— dilated pupils

Figure 17.15 Pinkish discoloration over the large joints in fatal
hypothermia

to develop and, even in moderately cold winter
weather, many elderly individuals will become
hypothermic.

Children have a high body surface-to-weight
ratio and lose heat rapidly. In some cases of delib-
erate neglect or careless family circumstances,
infants may be left in unheated rooms in winter
and suffer hypothermia.

In an unrefrigerated body, the finding of indis-
tinct red or purple skin discoloration over large
joints, such as the elbows, hips or knees (and in
areas of skin in which such discoloration cannot
be hypostasis) raises the possibility of hypother-
mia and is found in approximately 50 percent of
presumed hypothermia deaths (Figure 17.158).The
nature of such discoloration (‘frost erythema’) is
not completely understood, but may reflect cap-
illary damage and plasma leakage; microscopy
reveals no red blood cell extravasation, distin-
guishing it from bruising.

Classically, haemorrhagic gastric lesions
(Wischnewsky spots) may be seen in hypothermia
deaths; these lesions represent mucosal necrosis
with haematin formation (Figure 17.16). However,
their presence is not specific to hypothermia as
they are identical to those lesions seen in some
deaths following sepsis and shock, as well as in
cases of alcohol misuse. They are thought to be
caused by a disturbance of gastric microcircula-
tion and exposure of haemoglobin to gastric acid.

Other gastrointestinal lesions sometimes found
in deaths caused by hypothermia include haemor-
rhagic erosions and infarction in the small bowel
(because of red blood cell ‘sludging’ and submu-
cosal thrombosis), and haemorrhagic pancreatitis
with fat necrosis.
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17 Heat, cold and electrical trauma

Figure 17.16 Numerous superficial haemorrhagic gastric
erosions of the lining of the stomach in hypothermia. These are
often called ‘Wischnewsky’ spots.

Figure 17.17 Frostbite of the knuckles.

Cold injury to the extremities may be severe
enough to cause frost bite, which reflects tissue
injury that varies in severity from erythema to
infarction and necrosis following microvascular
injury and thrombosis (Figure 17.17).

Hypothermia may cause behavioural abnor-
malities that can lead to death-scene findings that
appear suspicious. Paradoxical undressing is a
phenomenon that describes the finding of par-
tially clothed — or naked — individuals in a setting
of lethal hypothermia. The pathophysiology of
this is uncertain but it may reflect confusion and
abnormal processing of peripheral cutaneous
stimuli in a cold environment, leading the individ-
ual to perceive warmth and thus to shed clothing.

The phenomenon of ‘hide and die syndrome’
describes the finding of a body that appears to
be hidden, for example under furniture or in the
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corner of a room, etc., often surrounded by dis-
turbed furniture, clothes or other artefacts. It is
thought that this phenomenon reflects a terminal
primitive ‘self-protective’ behaviour and may be
more commonly observed where there is a slow
decrease in core body temperature.

B Electrical injury

Injury and death from the passage of an elec-
tric current through the body is common in both
industrial and domestic circumstances.The essen-
tial factor in causing harm is the current (i.e. an
electron flow) which is measured in milliamperes
(mA). This in turn is determined by the resistance
of the tissues in ohms (Q) and the voltage of the
power supply in volts (V). According to Ohm’s
Law, to increase the current (and hence the dam-
age), either the resistance must fall or the voltage
must increase, or both.

Almost all cases of electrocution, fatal or oth-
erwise, originate from the public power supply,
which is delivered throughout the world at either
110V or 240 V. 1t is rare for death to occur at less
than 100 V. The current needed to produce death
varies according to the time during which it passes
and the part of the body across which it flows.
Usually, the entry point is a hand that touches an
electrical appliance or live conductor, and the exit
is to earth (or ‘ground’), often via the other hand
or the feet. In either case, the current will cross
the thorax, which is the most dangerous area for
a shock because of the risks of cardiac arrest or
respiratory paralysis.

When a live metal conductor is gripped by the
hand, pain and muscle twitching will occur if the
current reaches about 10 mA. If the current in the
arm exceeds about 30 mA, the muscles will go
into spasm, which cannot be voluntarily released
because the flexor muscles are stronger than the
extensors: the result is for the hand to grip or to
hold on. This ‘hold-on’ effect is very dangerous as
it may allow the circuit to be maintained for long
enough to cause cardiac arrhythmia, whereas the
normal response would have been to let go so as
to stop the pain.

If the current across the chest is 50 mA or more,
even for only a few seconds, fatal ventricular fibril-
lation is likely to occur, and alternating current
(AC, common in domestic supplies) is much more




dangerous than direct current (DC) at precipitat-
ing cardiac arrhythmias.

The tissue resistance is important. Thick dry
skin, such as the palm of the hand or sole of the
foot, may have a resistance of 1 million ohms, but
when wet, this may fall to a few hundred ohms and
the current, given a fixed supply voltage, will be
markedly increased. This is relevant in wet condi-
tions such as bathrooms, exterior building sites or
when sweating.

The mode of death in most cases of electrocu-
tion is ventricular fibrillation caused by the direct
effects of the current on the myocardium and car-
diac conducting system. These changes can be
reversed when the current ceases, which may
explain some of the remarkable recoveries follow-
ing prolonged cardiac massage after receipt of an
electric shock. The victims of such an arrhythmia
will be pale, whereas those who die as a result of
peripheral respiratory paralysis are usually cya-
nosed. Even rarer are the instances in which the
current has entered the head and caused primary
brain-stemparalysis, which has resulted in failure
of respiration. This may occur when workers on
overhead power supply lines or electric railway
wires touch their heads against high-tension con-
ductors, usually 660 V.

The scene of a suspected electrical death
should be reviewed to try and identify causative
agents and ensure that no risk persists. Health
and safety legislation may require that an electri-
cal death (e.g. in the work setting) should be fully
reviewed to prevent further electrical exposure.

The electrical lesion

Unless the circumstances are accurately known,
it can be difficult to know whether a dead victim
has been in contact with electricity. When high
voltages or prolonged contact have occurred,
extensive and severe burns can be seen, but a
few seconds of contact with a faulty appliance
may leave minimal signs. Where the skin is wet or
where the body is immersed, as in a bath, there
may be no signs at all, as the entrance and exit of
the current may be spread over such a wide area
that no focal lesion exists.

Usually, however, there is a discrete focal point
of entry and, as the electrical current is concen-
trated at that point,enough energy can be released
to cause a thermal lesion. The entry points may be

multiple and obvious, or they may be single and
very inconspicuous. As the most commonplace is
on the hands, these should always be examined
with particular care (Figures 17.18 and 17.19).
The focal electrical lesion is usually a Dblister,
which occurs when the conductor is in firm contact
with the skin and which usually collapses soon after
infliction, forming a raised rim with a concave centre.
Characteristically, the skin is pale, often white, and
there is an areola of pallor (owing to fused nodule of
keratin local vasoconstriction), sometimes accom-
panied by a hyperaemic rim. The blister may vary

Metal Collapsed blister

with raised

edge and pale
areola

240V

\,\Spark
X\

240V

Fused nodule
of keratin

(b)

Figure 17.18 Electrical mark on the skin: collapsed blister
formation following firm contact (a) and a ‘spark burn’ across
an air gap (b).

Figure 17.19 Multiple electrical marks/burns on the hand,
associated with scorching and blistering.

205

Amlur Teornoaryg
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5

Figure 17.20 Multiple burns from high-voltage (multi-kilovolt)
electrical supply lines. The ‘crocodile skin’ is caused by arcing
of the current over a considerable distance.

from a few millimetres to several centimetres. The
skin often peels off the large blisters leaving a red
base. The other type of electrical mark is a ‘spark
burn’, where there is an air gap between metal and
skin. Here, a central nodule of fused keratin, brown
or yellow in colour, is surrounded by the typical are-
ola of pale skin. Both types of lesion often lie adja-
cent to each other. In high-voltage burns, multiple
sparks may crackle onto the victim and cause large
areas of damage, sometimes called ‘crocodile skin’
because of its appearance (Figure 17.20).
Internally, there are no characteristic findings
in fatal electrocution. The skin lesions are mainly
thermal in nature, but opinions vary as to whether
histological appearances are specific to electric-
ity. It has been said that the cell nuclei line up in
parallel rows because of the electric field, but
similar appearances can occur in purely thermal
burns. There are specific intracellular lesions on
electron microscopy, but the gross pathological
diagnosis relies upon the external appearances.

Death from lightning

Hundreds of deaths occur each year from atmos-
pheric lightning, especially in tropical coun-
tries. A lightning strike from cloud to earth may
involve property, animals or humans. Huge elec-
trical forces are involved, producing millions of
amperes and phenomenal voltages. Some of the
lesions caused to those who are struck directly
or simply caught close to the lightning strike
are electrical, but others will be from burns and

206

Figure 17.21 The ‘Lichtenberg figure’ and lightening fatalities.
Note the fern-like branching pattern of skin discoloration on
the chest.

yet others result from the ‘explosive effects’ of a
compression wave of heated air leading to ‘burst
eardrums’, pulmonary blast injury and muscle
necrosis/myoglobinuria. All kinds of bizarre
appearances may be found, especially the par-
tial or complete stripping of clothing from the
victim, which may arouse suspicions of foul play.
Severe burns, fractures and gross lacerations can
occur, along with the well-known magnetization
or even fusion of metallic objects in the cloth-
ing. The usual textbook description is of ‘fern or
branch-like’ patterns on the skin — the so-called
Lichtenberg figure (Figure 17.21) — but others
claim that such marks are not seen. Red streaks
following skin creases or sweat-damped tracks
are more likely, although many bodies are com-
pletely unmarked.
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B Introduction

Drugs and alcohol influence lives in many ways.
The heroin- and crack-dependent addict arrested
for robbery, the recreational cocaine user sus-
pended following drug screening at work, the
student arrested for driving under the influence
of drugs and alcohol, and the chronic alcoholic
dying in police custody because of unrecognized
alcohol withdrawal are all examples of how drug
abuse can have huge impacts on individuals.
However, this impact may well be low compared
with the number of cancer patients dying in pain
because they have been treated with inadequate
doses of pain relievers as a result of their physi-
cians fearing legal proceedings against them.
Doctors treating patients dying of severe pain
risk being accused of illegal prescribing or, even
more tragically, being charged with euthanasia
because post-mortem drug testing demonstrates
blood concentrations said to exceed the ‘thera-
peutic range’ (although what a therapeutic range
in a cadaver might constitute is hard to say).

One of the key tasks faced by forensic practi-
tioners is to determine the role that a specific drug
(or drugs) plays in instances of impairment and
death. This task is made complicated by a series

Principles of
toxicology

of issues, many of which arise simply because
physicians, toxicologists and lawmakers fail to
understand the basic issues of forensic science,
and the way these issues may interplay in com-
plex legal, clinical and pathological matters. As
a consequence, the interpretation of forensic evi-
dence is often based more on anecdote and intui-
tion than controlled scientific studies. Inadequate
or bad science, or the misinterpretation of estab-
lished sciences can lead to wrong legal decisions.
Faulty and unjust conclusion can only be avoided
if the limitations of the science are understood.
Stories of exotic poisonings give rise to plots
that fascinate television viewers but which, more
often than not, can pose vexing problems for
forensic scientists. Fortunately, they are uncom-
mon. Detailed knowledge of exotic poisons is a
skill not much in demand today. What is required
is the ability to recognize (and manage) the com-
mon complications of commonly abused drugs,
such as stimulants, opiates, cannabinoids, hallu-
cinogens, solvents, some anaesthetics and some
prescription medications. With each edition of
this book the molecular mechanisms of addic-
tion and drug abuse have become clearer. At the
same time, our ability to measure drug concentra-
tions in any tissue has become ever more precise.
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18 Principles of toxicology

The problem is to determine what those measure-
ments signify.

B Principles

The term ‘toxic’ can be applied in different ways.
Some use the term synonymously with ‘poisonous’,
meaning to imply that ingestion of a particular sub-
stance will cause death. Others mean only to imply
that some sort of illness will result if the substance
is ingested. The definition of ‘lethal dose’ is more
precise, but now that the molecular mechanisms
of many poisons are known, the relevance of this
concept is not as important as it once was. Drug
sensitivity and resistance vary from individual to
individual (if for no reason other than their size).
Thus ‘lethal dose’ is said to represent the dose of
that drug at which all subjects given the drug will
die, and that dosage will be expressed in grams,
micrograms or milligrams per kilogram.

The abbreviation LD, specifies the dose at
which 850 percent of those who take a particu-
lar dose will die. The LD, depends partly on
the mode of drug administration, because the
route of ingestion determines exactly how much
drug is ultimately absorbed into the system. Put
another way, the route of ingestion determines
bioavailability. A drug injected intravenously
is 100 percent bioavailable because the entire
dose of drug enters the circulation. The amount
absorbed after oral ingestion is variable. A 10 mg
dose of morphine given intravenously would
be expected to result in a peak plasma concen-
tration of between 100 and 200 nanograms per
mililitre. But if that same amount were given by
mouth the peak plasma concentration would be
only a fraction of that seen after intravenous injec-
tion. Because of anatomic and metabolic differ-
ences, the LD, for any particular drug varies from
experimental animal to experimental animal, and
in no case can results obtained from the study of
experimental animals be directly extrapolated to
humans. The process of extrapolation from ani-
mals to humans is so unreliable that courts in many
different countries have held that animal studies
alone do not suffice to prove causation in humans.

The issue of receptor physiology is extremely
important. Drugs exert their effects by binding
with receptors. How well a particular drug will
bind to a receptor determines how effectively it
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will act (or how toxic it will be). It does not help
much to know that opiates bind to the mu (W)
receptor. What matters is how effectively any par-
ticular opiate binds to the receptor, and receptor-
binding ability is altered by many factors. On a
weight for weight basis, oxycodone is many times
more powerful than morphine, simply because it
is a better fit for the binding site on the p receptor
than is morphine. Receptors are subject to muta-
tion. More than 140 different mutations have been
identified within the u receptor itself. Mutations
cause receptors to change shape. Structural dis-
tortions of the receptor make some drugs fit bet-
ter while others fit worse. The actual result cannot
be predicted without knowledge of the mutation
and the structure of the receptor. When a death
occurs, this knowledge is never available to foren-
sic toxicologists working on behalf of the coroner
as they have neither the facilities nor the budget
to study receptor or enzyme genetic composition.
How may this be important in clinical practice?
An example could be the patient who asks for a
‘stronger’ pain medication not because he or she
is a drug seeker, but because they carry a muta-
tion that prevents the current pain reliever from
binding normally to the U receptor.

B Definitions

Drug tolerance

Tolerance occurs after chronic exposure to a spe-
cific drug. An individual is said to be tolerant when
increasingly large doses of the drug produce less
and less effect. One might suppose that the clas-
sic mechanisms of receptor down-regulation and
desensitization explain these phenomena, but
they do not, and the reason why tolerance occurs
is not really understood. Extraordinary degrees
of tolerance can be attained. During the course of
drug administration, the effective dose of any par-
ticular drug can increase 100- to 1000-fold, and
the process may occur very rapidly: for example,
cocaine tolerance begins to emerge after the first
dose of drug is administered.

Drug dependence

Dependence is said to exist when an individual
cannot function normally in the absence of a spe-
cific drug. Dependence goes hand in hand with



Box 18.1 DSM-IV recognizes the

following substance dependencies

303.90 Alcohol

304.40 Amphetamine (or amphetamine-like)
304.30 Cannabis

304.20 Cocaine

304.50 Hallucinogen

304.60 Inhalant

305.10 Nicotine

304.00 Opioid

304.90 Phencyclidine (or phencyclidine-like)
304.10 Sedative, hypnotic, or anxiolytic
304.80 Polysubstance dependence

304.90 Other (or unknown) substance

tolerance as it too is controlled, at least partly,
by receptor distribution, density and genetic
makeup. The current Diagnostic and Statistical
Manual of Mental Disorders (DSM-IV) defines sub-
stance dependence as:

When an individual persists in use of alcohol
or other drugs despite problems related to
use of the substance, substance dependence
may be diagnosed. Compulsive and repeti-
tive use may result in tolerance to the effect
of the drug and withdrawal symptoms when
use is reduced or stopped. This, along with
Substance Abuse are considered Substance
Use Disorders.....

Substance dependence can be diagnosed with or
without concomitant physiological dependence,
evidence of tolerance, or even evidence of with-
drawal (see Box 18.1).

Drug withdrawal

Withdrawal refers to the development of symp-
toms when a drug is abruptly discontinued. Only
individuals who are already dependent on a drug
can experience withdrawal symptoms. For drug
withdrawal to occur a substance must be taken
in large quantities for a long time. In simple with-
drawal syndrome, such as seen after long-term
cocaine abuse, or even heroin addiction, individu-
als feel increasingly ill and may require sedation
but after a certain number of days have passed,
recovery begins and the symptoms dissipate.
However, withdrawal from certain other drugs,
especially benzodiazepines, can provoke uncon-
trollable seizures and may prove fatal.

Drug idiosyncrasies

This term is used to describe unanticipated drug
reactions. For the most part these reactions are
allergic in nature. They fall into the category of
hypersensitivity reaction, where an inappropri-
ate and excessive reaction to an allergen (such as
pollen, dust, animal hair or certain foods) causes
symptoms. These symptoms may range in severity
from those of a mild allergic reaction to anaphy-
lactic shock. Pathologists have been debating for
more than half a century whether the pulmonary
oedema associated with heroin abuse might be
a type of hypersensitivity reaction, although this
hypothesis has never been convincingly proven.

Drug interactions

This term describes unanticipated symptoms and
signs that result after two or more different drugs
have been given. Interactions may be good or bad,
depending on which types of drugs are involved.
Many permutations are possible: a drug could
interact with other drugs, endogenous chemical
agents, dietary components, or chemicals used in,
or resulting from, diagnostic tests (such as a con-
trast medium used for angiography).

In recent years the term drug interaction has
come to take on a completely new meaning for
clinicians and forensic scientists. If two drugs are
both metabolized by the same enzyme system,
one may interfere with the metabolism of the other.
For example, two different P450 hepatic enzymes
(CYP3A and CYP2B6) metabolize methadone.
Methadone induces production of CYP3A, so that
abnormally low concentrations of carbamazepine,
which is also metabolized by that enzyme, might
unexpectedly result. However if methadone is
taken with a drug that inhibits CYP3A, such as
diltiazem (also metabolized by CYP3A), metha-
done will not be metabolized and concentrations
will be unexpectedly high.

Until fairly recently, it was not generally recog-
nized that drugs could interact with the channels
that control electrical conduction in the myocar-
dium. The shape of the cardiac action potential is
determined by the sequential opening and clos-
ing of dedicated channels within the cell mem-
brane of cardiomyocytes. These channels conduct
potassium, sodium and calcium. There are several
varieties of each channel, as well as many genetic
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variations (genetic polymorphism). Some poly-
morphisms are harmless but others are not. If the
channel is sufficiently altered it may not function
properly, preventing normal ion conductance.
The channel responsible for most unexpected
drug reactions (arrhythmias and sudden death)
is the one that conducts potassium back into the
cell after depolarization (known as hERG, or ‘slow
repolarizing potassium conductance channel’).
Drugs that combine with this channel can disrupt
the normal cycle of cardiac repolarization, caus-
ing fatal cardiac arrhythmias. Recently it was dis-
covered that arsenic is an hERG channel poison,
and it may well be that an arsenic-hERG inter-
action was responsible for the death of Emperor
Napoleon. Unanticipated drug-hERG interactions
are the main reason for drug recalls in the United
States and Europe.

B Testing matrices

General principles

Drugs can reliably be detected and quantitated
in any tissue of the body. It is the interpretation
of those quantities that is critical. Interpeting the
significance of any drug found is the major issue
facing forensic practitioners on a daily basis.
Detection proves that ingestion or at least expo-
sure has taken place, but the mere presence of
a drug, even in seemingly large quantities, says
nothing about toxicity and even less about inten-
tion or motivation. Does it really matter whether
urinary cocaine metabolite concentrations
exceed some specified range? It does not, unless
the individual’s state of hydration is known, as well
as the specific gravity and acidity of their urine,
and usually this information is rarely available in
the forensic setting. No matter how many decimal
points are added to the results, specific measure-
ments have inherent limitations.

The effect of media stories regarding tech-
niques for forensic measurement and analysis
(what can be termed the ‘CSI effect’) can be per-
nicious. Many practitioners believe (wrongly)
that precise laboratory measurements can supply
information that could not have been gathered by
accurate history and scene investigation alone.
Each investigative modality has its contribution
to make to a forensic investigation. There are a
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number of misunderstandings concerning toxi-
cology, and failure to consider them can lead to
needless effort and expense, not to mention an
incorrect conclusion.

Suppose a left-handed heroin user is found
dead with a needle mark in his left antecubital
fossa. Some might take that as proof that another
person administered the injection, which would
be likely. It would be an unnecessary waste of lab-
oratory resources to measure drug concentrations
in the skin adjacent to an injection site because,
once a drug is injected into the blood stream, it
circulates throughout the body. Skin measure-
ment of drug concentrations would have meaning
only if concentration measurements were made of
skin taken from both sides of the body, and were
found to be different. The same might be said for
the value of vaginal, rectal or nasal swabs. Route
of administration cannot be determined by meas-
uring the drug concentration in those areas. The
recovery of cocaine from the vagina does not nec-
essarily mean it was absorbed via that route. It just
means that the circulation persisted for some time
after drug use. That being the case, distribution of
drug to nasal, rectal and vaginal mucosa would be
anticipated.

Analysis of drug paraphernalia may also be a
poor use of resources; unless the decedent was
participating in a needle-exchange programme,
they may have reused the syringe many times.
Drugs will, no doubt, be detected in the syringe,
but whether their presence has anything to do with
the death being investigated is an open question.

It is not generally appreciated that the site
where the blood sample is collected at autopsy
may well determine the final analytical result.
After death, concentrations of weakly basic drugs
(such as cocaine) are higher on the left side of
the heart than on the right, and concentrations in
the heart are higher than those in the leg. Drug
concentrations in blood collected from any tissue
taken at autopsy may, or may not, bear a reliable
relationship to concentrations that existed in life.

Regardless of whether the specimen is from
the heart or the leg, there is ample proof that
post-mortem drug concentrations almost always
exceed those measured in the immediate ante-
mortem period. It follows that autopsy blood
measurements, taken in isolation, cannot impli-
cate any drug as a cause of death. Quantification
can only prove exposure or ingestion. The concept



of ‘normal’ or ‘therapeutic’ drug concentration
measurements made in the living does not have
any relevance to the dead. It makes no sense to
discuss therapeutic drug concentration in cadav-
ers: blood is a living tissue and cadavers cannot
be said to have blood, only reddish clumped lig-
uid that was once living blood.

Whether or not an individual dies from taking
a drug often depends on the phenomenon of tol-
erance (decreasing effect with increasing dose),
but for all intents and purposes, there is no effec-
tive way to measure tolerance after death. Thus,
a laboratory result that might seem to indicate a
massive drug overdose, could merely be an inci-
dental finding. The highest blood cocaine level
ever reported in a human was measured in a man
(> 35 000 ng/mL) who had no physical complaint
other than the 45-calibre bullet that traversed his
brain!

Often, it is sufficient just to demonstrate that
a drug is present. For example, was the rape
complainant really a victim of drug-facilitated
assault, or was he/she a promiscuous chronic
drug abuser? Was the individual with an uncon-
firmed urine test positive for opiates really a
drug abuser, or was he/she taking a cough medi-
cation containing codeine? A simple way to help
answer the question is to take a hair sample.
Drugs are stable in hair for perpetuity. Prior drug
use in an alleged rape victim is easy enough to
establish, simply by hair testing. In the instance
of the individual with the urine test positive for
opiates, the presence of other components of
cough syrup in their hair would probably yield
a correct interpretation of the findings. There is
not always a need to test hair, but there is often a
reason to collect and store a sample, even if it is
never analysed.

Specific testing matrices
Blood and urine

Blood is still the preferred testing matrix for drug
detection. It is always collected into a sodium fluo-
ride-containing tube (which prevents further drug
degradation). There are differences between pre-
and post-mortem blood specimens. When blood is
drawn in the hospital, either for therapeutic drug
monitoring or drug detection, only the plasma is
analysed. In death, concentrations in whole blood
are measured. Drug concentrations, especially the

concentration of alcohol, are different in plasma and
whole blood. Serum and plasma contain 10-15 per-
cent more water than whole blood. It follows that
plasma ethanol concentrations are 10-15 percent
higher than corresponding whole-blood concen-
trations. The difference may seem small, but it is
more than enough to convict or exonerate a driver
accused of driving under the influence.

Urine was once the preferred specimen for
post-mortem drug screening but, increasingly,
cardiac blood samples are considered a better
testing matrix. Advances in technology have sub-
stantially reduced the costs of gas chromatogra-
phy/mass spectrometry (GC/MS), and screening
whole blood involves not much more expense than
the cost of screening urine, but provides greatly
enhanced sensitivity. After death, drug concen-
trations tend to increase faster in cardiac blood
than elsewhere in the body, making such samples
more sensitive indicators of drug use, although
they are less specific. The routine screening of
cardiac blood also helps avoid another problem:
at autopsy, there is often no urine in the bladder.
Some centres have dispensed with urine testing
entirely; they first screen cardiac blood with GC/
MS and then confirm their findings in a peripheral
blood sample.

Vitreous humour

In the USA many forensic pathologists also col-
lect vitreous humour, although in Ireland, vitreous
humour is only sometimes taken for biochemi-
cal studies. Vitreous humour is a useful testing
medium, especially for the diagnosis of electro-
lyte disorders, renal failure, hyperglycaemia and
ethyl alcohol ingestion. The vitreous humour is,
in many ways, protected from the external envi-
ronment, and it may be the only reliable testing
matrix available when individuals have drowned
or when bodies are found after an extended
period of environmental exposure. Measurement
of alcohol concentrations in the vitreous humour
may even help distinguish between post-mortem
alcohol formation and ante-mortem ingestion.
There is an emerging tendency to also measure
the concentrations of abused drugs in the vitreous
humour, although for the present, too few meas-
urements have been reported to allow accurate
extrapolation from vitreous humour concentra-
tions to concentrations in other tissues.
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18 Principles of toxicology

Hair testing

Measurement of abused drug concentrations in
hair can yield valuable information about drug
exposure and drug compliance, and sometimes
hair testing can reveal the presence of drugs that
were completely unexpected. Once deposited in
hair, drugs and their metabolites are stable indefi-
nitely. It requires very little effort to collect hair at
autopsy, place it in a sealed envelope and file the
sample. For reasons that are not entirely clear, the
parent drug is often found in higher concentra-
tions within the hair than is the metabolite. Should
questions about drug use arise some time in the
distant future, they will be easily answered if a hair
sample has been retained.

Liver

Liver analysis can be especially valuable in cases
where the drug sought (such as a tricyclic antide-
pressant) is highly bound to protein. Liver analysis
is also valuable if the drug undergoes enterohe-
patic circulation. Some drugs, such as morphine,
may be detectable in the liver long after they have
been cleared from the blood, only because they
remain in the enterohepatic circulation for so long.
There is, however, one important caveat: most
drugs readily diffuse from the stomach into the
right lobe of the liver so, as a rule, only the left lobe
of the liver should be used for analytical testing.

Stomach

The testing of stomach contents is only worthwhile
if (1) the volume of the gastric contents is recorded,
(2) a homogeneous specimen is analysed and
(3) the total drug content within the stomach is com-
puted. It does no good to know the drug concentra-
tion in gastric fluid if the total volume of the gastric
contents is not also known. It may also be possible
to identify small pill fragments by microscopic
examination of the gastric fluid. Very little should
be made of low-level drug concentrations found in
stomach, as ion trapping may cause small amounts
of some charged drugs, such as cocaine and mor-
phine, to appear in the gastric contents, even if the
drug has been injected intravenously. However, the
detection of high concentrations of some drugs in
the stomach (such as morphine) does not neces-
sarily prove oral ingestion; it may just be an artefact
produced by enterohepatic circulation.
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B Interpretation

Post-mortem drug concentration measurements
cannot be interpreted in isolation, if for no other
reasons than that tolerance eventually emerges to
most abused drugs. A living heroin addict may very
well have a higher morphine concentration than an
occasional heroin user lying in the morgue, but both
might have much lower morphine concentrations
than a hospice patient treated with a diamorphine
syringe driver. Tolerance is not the only issue.

Drugs taken previously are likely to be stored
in deep body compartments, only to be released
as the body decomposes (a process that begins
immediately after death). Drug measurements
made under these circumstances might give the
false impression that the drugs were, in fact, cir-
culating in the blood at the time of death. This
phenomenon was strikingly illustrated in a recent
study of post-mortem blood fentanyl concentra-
tions. Fentanyl concentrations were measured in
post-mortem specimens collected in 20 medical
examiner cases from femoral blood, heart blood,
heart tissue, liver tissue and skeletal muscle. In a
subset of seven cases femoral blood was obtained
shortly after death and then again at autopsy. The
mean collection times of between the two post-
mortem samples were 4.0 hours and 21.6 hours,
respectively. In four of the cases fentanyl concen-
trations rose from ‘none detectable’in the samples
taken shortly after death, to concentration as high
as 52.5 pg/L. If only the toxicology results were
considered in isolation, a pathologist confronted
with a case of unexpected sudden death might
very well make the mistake of classifying fentanyl
as the cause of death, even though none was pre-
sent in the blood at the time of death.

Finally, there is the issue of genetic polymor-
phism. Not only does post-mortem redistribution
(Figure 18.1) ensure that concentration measured
at autopsy will be higher than in life, there is always
the possibility that high drug concentrations, even
those measured in life, do not always reflect drug
overdose: the individual simply may not have been
able to metabolize the correct dose of drug they
had been given. This possibility was only realized
a few years ago when a newborn died of morphine
poisoning that originated in the mother’s breast
milk. As is often the case, she had been prescribed
codeine for post-labour pain. When the infant died
unexpectedly it was discovered that the mother




Figure 18.1 Post-mortem redistribution. Blood values
measured after death have little or no relationship between
levels that existed in life. Aspiration of stomach contents

into the lungs often occurs at the time of death, and drugs

that were in the lungs diffuse into the heart. Blood from the
iliofemoral vessels is generally considered preferable for testing.

was an ultra-rapid metabolizer of cytochrome
P450 2D6, causing her to produce much more mor-
phine when taking codeine than would normally
be expected. Individuals with a normal genetic
compliment convert roughly 10 percent of codeine
into morphine, accounting for codeine’s modest
pain relieving effects, but because of the mother’s
genetic make-up, much higher concentrations of
morphine were found in the infant than would nor-
mally be predicted, even though the mother was
not taking excessive doses of codeine.
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B Ethanol sources
and concentrations

Alcohol (ethanol) may be ingested or it may be
present by virtue of bacterial action occurring after
death. Depending on local practice, blood alcohol
concentrations can be expressed in many different
units and notations, but they are all interchangeable
in their meaning. The definition of what constitutes
a standard drink of alcohol also varies from coun-
try to country. In the USA it is 14 g (17.74 mL) etha-
nol, but in Ireland it is 10 g (12.7 mL) of ethanol. In
most countries there are tables listing the alcohol
content of common beverages by brand name, and
there are standard formulae (such as the Widmark
Formula, see Appendix 2, p. 277) for calculating the
amount of alcohol ingested and the time of inges-
tion. As an alternative to the complex equations
used by toxicologists, many forensic practition-
ers find it easier to remember a simple formula
first introduced by American toxicologist Charles
Winnek (Box 19.1). It must always be remembered
that Winnek’s formula is intended only to provide
a rough working estimate. If a trial is to ensue, the
Widmark formulae must be employed.

Alcohol

B Ethanol absorption

Alcohol is absorbed from the stomach and small
intestine by diffusion, with most of the absorp-
tion occurring in the small intestine. The rate
of absorption varies with the emptying time of
the stomach but, as a rule, the higher the alco-
hol concentration of the beverage, the faster the
rate of absorption. Gastric absorption accounts
for 30 percent and 10 percent of ethanol adminis-
tered with food and water, respectively, and only
a small percentage of the ethanol undergoes
first-pass metabolism in the liver. The more rapid
absorption of ethanol administered with water
compared with food leads to higher blood etha-
nol levels. The maximum absorption rate occurs
after consuming an alcoholic beverage contain-
ing approximately 20-25 percent (by volume or
v/v) alcohol solution on an empty stomach. The
absorption rate may be less when alcohol is con-
sumed with food or when a 40 percent (v/v) alco-
hol solution is consumed on an empty stomach.
The rate may also slow when high fluid volume/
low alcohol content beverages, such as beer,
have been consumed.
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19 Alcohol

Box 19.1 Winnek’s formula

Winnek’s formula is based on the simple observation that, on average,
a 150-pound (68 kg/10.7 stone) man will have a blood alcohol concentra-
tion (BAC) of 0.025% after drinking 1 ounce (29.5 mL) of 100-proof (50%)
alcohol. It follows that:

BAC = (150/body weight in pounds) (% ethanol/50) (ounces con-
sumed) (0.025)

Thus, if a 200-pound (90.7 kg/14.2 stone) man drank five 12-ounce
(354.9 mL) cans of beer, and the beer contained 4% ethanol, then the
BAC would be approximately:

BAC = (150/200) (4/50) (60) (0.025) = 0.090% (90 mg%)

B Elimination of alcohol

The human body converts ethanol into acetalde-
hyde via the actions of alcohol dehydrogenase,
leading to the production of acetic acid and then
acetaldehyde. Acetaldehyde is responsible for
most of the clinical side-effects produced by alco-
hol. Ultimately, the measured alcohol concentra-
tion depends on both weight and sex because
these two factors determine the total volume of
body water and consequently the blood alcohol
concentration (BAC). As a rule, the more a person
weighs, the larger the volume of water his or her
body will contain. It follows that, after consuming
equal amounts of alcohol, someone who is obese
or has a greater proportion of body fat will have a
lower BAC than a thin person. Women have more
fat tissue than men of the same weight and, there-
fore, a smaller volume of body water. As a result,
BAC will be slightly higher in women than in men
after consuming an equal amount of alcohol.

Alcohol elimination occurs at a constant rate
in each individual. The median rate of decrease
in BAC is generally accepted as around 15 mg
percent (mg%) per hour, but the actual range is
10-20 mg% per hour, although the extremes are
rarely encountered except in chronic alcoholics.
The elimination rate in the vast majority of indi-
viduals is between 13 and 18 mg% per hour, with
the majority of values lying at the higher end of
the curve. Very few people eliminate alcohol at a
rate as low as 10 mg% per hour.

B Ethanol measurement

Breath testing is used by most enforcement agen-
cies in most countries with respect to driving
offences (see Chapter 14). Many different devices
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are available for measuring the ethanol content
of expired air, and these mostly work in a similar
fashion: ethanol contained in the sample is oxi-
dized with an electrochemical sensor. If done cor-
rectly, the value measured is directly proportional
to the concentration of the ethanol present in the
body. ‘Breathalyser’ type devices have repeatedly
been proven accurate and reliable, and they do
not react with acetone, which might be present
in a poorly controlled diabetic. Quality control
and standardization of such evidential machines
is important to ensure accurate analysis and in
Ireland, as already discussed in Chapter 14, the
Medical Bureau of Road Safety is respomnsible
for this. In the presence of factors such as use of
alcohol-containing mouthwash or regurgitation
of stomach contents, different jurisdictions may
apply different protocols, to overcome risks of
false elevations, by repeating evidential breath
tests after a period of time or replacement by
either blood or urine analysis.

B Clinical effects of alcohol

Ethanol is a potent central nervous system depres-
sant, and the degree of apparent intoxication cor-
relates well with the amount consumed. As blood
concentrations rise, initial feelings of relaxation
and cheerfulness give way to blurred vision, loss
of coordination and behavioural issues. After
excessive drinking, unconsciousness can occur.
Extreme levels of consumption can lead to alco-
hol poisoning and death, although tolerance may
allow the consumption of massive amounts of alco-
hol and result in blood alcohol concentrations that
would surely lead to death in the alcohol naive.
Thus blood alcohol concentrations have very lit-
tle meaning when taken in isolation except that,
of course, a large amount of alcohol has been con-
sumed. A blood alcohol concentration exceed-
ing 0.40 percent (400 mg%) may be lethal in a
non-drinker but might produce few, if any, symp-
toms in a chronic alcoholic. If an individual is
severely intoxicated, aspiration of vomit may lead
to asphyxiation and death. Chronic alcoholism is
associated with a host of medical conditions, but
these are not within the scope of this book. The
Forensic Science Service within the UK has pro-
duced a leaflet Blood Alcohol Concentration and
General Effects (Figure 19.1) but the majority of




Blood Alcohol Concentrations and General Effects

The table below is for guidance only and may not apply to any specific individual. Although categorised for ease of reference, the

symptoms can overlap considerably and gradually increase in severity with increasing concentrations. Whilst the effects described
could apply to a social drinker, they depend on the person’s degree of habituation. A heavy drinker would be expected to show
less-noticeable effects and a person unaccustomed to alcohol more pronounced symptoms. Therefore the effects of any given blood
alcohol level cannot be obtained simply from the table. Tolerance should be considered, together with other information such as
evidence from other witnesses and the findings of any medical/psychiatric examination. Because of the number of factors involved,
it is not possible to determine a particular level of alcohol that could cause memory loss in a specific individual, or render an
individual unable to form an intent, or to give informed consent to, for example, sexual activity.

10 — 50 mgs%

Little outward effects, feelings of relaxation and well-being, increased sociability

50 — 100 mgs%
driving is 80 mgs%

Increased self-confidence and talkativeness, mild euphoria, reduced co-ordination and slightly slowed reactions. Legal limit for

100 — 150 mgs%

Impaired balance, thickened speech, clumsiness, reduced alertness, lowered social reserve, increased garrulousness and volubility

150 — 200 mgs%

Drunkenness, slurred speech, glazed eyes, flushed complexion, staggered gait, drowsiness, exaggerated emotional responses,
impaired co-ordination, reduced inhibitions, dizziness, nausea, disorientation

200 — 250 mgs%
may be impaired

Marked or heavy drunkenness, confusion, grossly impaired co-ordination, vomiting, reduced awareness, short-term memory

250 — 300 mgs%

Extreme drunkenness, stupor, impaired consciousness, reduced reflexes, depressed respiration, incontinence

300 - 400 mgs% | Unconsciousness, absence of reflexes, coma

Around 400 mgs%
and above

Possible death by respiratory depression or cardiac arrest.
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Figure 19.1 Blood alcohol concentrations and general effects.

physicians would be uncomfortable classifying
the effects (even in general terms) within quite
narrow specific quantified ranges, as in this publi-
cation, because of the huge variability in response
to consuming alcoholic drinks.

It is also important to understand that there are
substantial risks for those who are dependent on
alcohol and suffer alcohol withdrawal. Untreated
alcohol withdrawal can be fatal and those
involved in clinical assessment and management
must understand how to diagnose and treat such
individuals. The degree of alcohol withdrawal
can be quantified using the Clinical Withdrawal
Assessment of Alcohol Scale (Figure 19.2).

B Post-mortem
considerations

The situation is much more complicated after death.
Bacterial enzymes (predominantly alcohol dehy-
drogenase and acetaldehyde dehydrogenase) act

upon carbohydrates within the cadaver. Glycogen
or lactate is converted to pyruvate and then etha-
nol. The amount of alcohol produced depends on
the amount of glycogen or substrate available.
Accordingly, post-mortem ethanol production will
be greater in some tissues than in others. For exam-
ple, the glycogen content of liver is 8 g/100 g wet
tissue weight, whereas that of vitreous humour is
only 90mg/100 g.

Other factors also help determine how much
alcohol will be produced. Terminal hyperthermia,
such as might be seen in a patient with sepsis, or
storage of the body at high ambient temperatures,
will accelerate alcohol production, as will bowel
trauma or disruption of the bowel owing to surgery
or malignancy. Aircraft accidents or other causes
of severe body disruption almost always cause the
production of ethanol in large quantities.

Whether any alcohol detected was formed
before or after death is fairly easy to determine.
The easiest way is to compare the ethanol content
of urine (UAC) which, unless the decedent was

219

SUOTJRISPISUOD WS}IOW-}SOJ



Clinical Institute Withdrawal Assessment of Alcohol Scale, Revised (CIWA-Ar)

Patient: Date: Time:

(24 hour clock, midnight = 00:00)

Pulse or heart rate, taken for one minute:

Blood pressure:

NAUSEA AND VOMITING — Ask “Do you feel sick to your
stomach? Have you vomited?” Observation.

0 no nausea and no vomiting

1 mild nausea with no vomiting

2

3

4 intermittent nausea with dry heaves

5

6

7 constant nausea, frequent dry heaves and vomiting

TACTILE DISTURBANCES — Ask “Have you any itching, pins
and needles sensations, any burning, any numbness, or do you
feel bugs crawling on or under your skin?” Observation.

0 none

1 very mild itching, pins and needles, burning or numbness

2 mild itching, pins and needles, burning or numbness

3 moderate itching, pins and needles, burning or numbness

4 moderately severe hallucinations

5 severe hallucinations

6 extremely severe hallucinations

7 continuous hallucinations

TREMOR — Arms extended and fingers spread apart. Observation.
0 no tremor

1 not visible, but can be felt fingertip to fingertip

2

3

4 moderate, with patient’s arms extended

5

6

7 severe, even with arms not extended

AUDITORY DISTURBANCES — Ask “Are you more aware of
sounds around you? Are they harsh? Do they frighten you? Are
you hearing anything that is disturbing to you? Are you hearing
things you know are not there?” Observation.

0 not present

1 very mild harshness or ability to frighten

2 mild harshness or ability to frighten

3 moderate harshness or ability to frighten

4 moderately severe hallucinations

5 severe hallucinations

6 extremely severe hallucinations

7 continuous hallucinations

PAROXYSMAL SWEATS — Observation.

0 no sweat visible

1 barely perceptible sweating, palms moist

2

3

4 beads of sweat obvious on forehead

5

6

7 drenching sweats

VISUAL DISTURBANCES — Ask “Does the light appear to be
too bright? Is its color different? Does it hurt your eyes? Are

you seeing anything that is disturbing to you? Are you seeing
things you know are not there?” Observation.

0 not present

1 very mild sensitivity

2 mild sensitivity

3 moderate sensitivity

4 moderately severe hallucinations

5 severe hallucinations

6 extremely severe hallucinations

7 continuous hallucinations

ANXIETY — Ask “Do you feel nervous?” Observation.

0 no anxiety, at ease

1 mild anxious

2

3

4 moderately anxious, or guarded, so anxiety is inferred

5

6

7 equivalent to acute panic states as seen in severe delirium or
acute schizophrenic reactions

HEADACHE, FULLNESS IN HEAD — Ask “Does your head feel
different? Does it feel like there is a band around your head?” Do
not rate for dizziness or lightheadedness. Otherwise, rate severity.
0 not present

1 very mild

2 mild

3 moderate

4 moderately severe

5 severe

6 very severe

7 extremely severe

AGITATION — Observation.

0 normal activity

1 somewhat more than normal activity

2

3

4 moderately fidgety and restless

5

6

7 paces back and forth during most of the interview, or
constantly thrashes about

ORIENTATION AND CLOUDING OF SENSORIUM — Ask “What
day is this? Where are you? Who am I?”

0 oriented and can do serial additions

1 cannot do serial additions or is uncertain about date

2 disoriented for date by no more than 2 calendar days

3 disoriented for date by more than 2 calendar days

4 disoriented for place/or person

Total CIWA-Ar Score

Rater’s Initials
Maximum Possible Score 67

This assessment for monitoring withdrawal symptoms requires approximately 5 minutes to administer. The maximum score is 67
(see instrument). Patients scoring less than 10 do not usually need additional medication for withdrawal.

19 Alcohol

Figure 19.2 Assessment of alcohol withdrawal. Reproduced from Sullivan, JT Sykora, K, Schneiderman, J, Naranjo, CA, and
Sellers, EM. Assessment of alcohol withdrawal: The revised Clinical Institute Withdrawal Assessment for Alcohol scale (CIWA-Ar).
British Journal of Addiction 1989; 84: 1353-1357. (The CIWA-Ar is not copyrighted and may be reproduced freely.)

220



diabetic, contains no carbohydrates, and vitreous
humour (which only contains very small amounts
of carbohydrate) with the amount measured in
blood. If the ethanol was definitely consumed and
not formed post-mortem, then determination of the
ratio between vitreous humour and blood ethanol
concentrations can be very useful. If the UAC:BAC
ratio is less than 1:2, this is generally considered
confirmation that ethanol concentrations were ris-
ing at time of death. A ratio of greater than 1:3 sug-
gests that the decedent was in the post-absorptive
stage. Ratios much greater than 1:3 indicate heavy
consumption over a long period of time.
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B Harm reduction

When considering the use of licit or illicit (legal
or illegal) drugs it is important to recognize that
an essential part of the treatment of substance
misuse is the principle of harm reduction. Harm
reduction (or harm minimization) refers to a range
of public health policies designed to reduce the
harmful consequences associated with drug use
and other high-risk activities. This may embrace
a number of areas, but perhaps the area where
complications of substance misuse (of which there
are many) have been substantially reduced is with
regard to intravenous drug misusers. Skin infec-
tions from unsafe injection practices are the most
common, even when free needle exchanges are
available. Some countries (including Ireland) pro-
actively encourage needle exchange even within
prisons to reduce the physical and infective risks.

Stigmata of intravenous drug use are com-
monly seen in association with injection site ulcer,
abscess, deep vein thrombosis, venous ulcer and
post-phlebitic limb (Figures 20.1-20.4). Severe
complications requiring hospitalization, such as
necrotizing fasciitis, may occur. Injectors may
be very adept at gaining vascular access for the
administration of drugs, and any clinician should

Licit and
ilicit drugs

be aware of the wide variety of sites that may be
used for injection (Figure 20.5). Infectious systemic
complications occur less often, such as transmis-
sion of human immunodeficiency virus (HIV) and
hepatitis, but in some areas of the world essen-
tially all injection drug users are infected with the
hepatitis C virus. In the case of anthrax the source
of infection is believed by some to be the animal
skins used to transport the heroin into Europe, but
person-to-person spread occurs via the exchange
of saliva or blood. Valvular infection, secondary
to the injection of non-sterile material, can lead
to valve destruction and some confusing medical
symptoms, as when bacterial vegetations separate
from the valve and circulate through the body. At
the same time that the incidence of this complica-
tion seems to be decreasing, the rate for valvular
infection with mixed organisms, many drug resist-
ant, seems to be increasing. Other complications
are so rare as to merit little attention, but occasion-
ally, even rare complications can become clinically
significant. In 2012 cases of anthrax were reported
in a number of European countries. In March 2013,
following the seventh anthrax related death in the
UK, the North Inner City Drugs Task Force in Dublin
issued an anthrax alert for heroin users and for
front line staff who have contact with them.
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Figure 20.1 Multiple drug injection sites.

Figure 20.2 Abscess at site of drug infection.

Figure 20.3 Venous ulcer following deep vein thrombosis
secondary to intravenous drug administered into femoral vein.

224

Figure 20.4 Post-phlebitic limb following repeated injection
into femoral vein.

B Legal status of drugs

The legal status of drugs varies widely around
the world and different jurisdictions have dif-
ferent ways of classifying drugs in relation to
their perceived harm to society. The penalties
associated with crimes such as possession, pos-
session with intent to supply, and importation
may reflect the political, religious, cultural or
social environment of the country in question.
Re-classification of drugs may occur, perhaps
as a political response to concerns of the gen-
eral public. Drugs are available throughout the
world and their cost and availability is influ-
enced by demand and effect. Increasingly ‘legal
highs’ are being developed; these are often syn-
thetic drugs that mimic the effects of some ille-
gal drugs, and which may then be sold via the
Internet. Governments and authorities face an
uphill struggle as ways to develop substances
that avoid legal sanction are used to get round
the inevitable clamp down as some legal highs
become fashionable. Some governments deal
with the issue by determining that any drugs
with similar structures to those already classified
as unlawful, that are developed in the future will
automatically be considered unlawful.




(a)

(©

Figure 20.5 Sites of intravenous (IV) injection. (a) Forearm;
(b) foot; (c) neck.

H Commonly
misused drugs

There are many different types of drugs of misuse.
The use of any particular drug varies, depending
on geography, social setting, fashion, availability,
cost, legal status, and effects. Seemingly dispa-
rate agents may exert their effects via similar final
common pathways (for example, khat and meth-
amphetamine). Drugs can be classified into eight
main groups according to their mode of action
(Table 20.1).

Stimulants

All drugs in this group act by increasing concen-
trations of a neurotransmitter called dopamine.
Dopamine is located within certain vital areas
of the hind-brain. Dopamine has many differ-
ent actions, but perhaps the best known involves
mediating the sense of pleasure. Some drugs,
such as cocaine (Figure 20.6), simply prevent the
reuptake of dopamine, allowing it to accumulate in
the space between nerve endings (synaptic cleft),
while others, such as the amphetamines (khat has
nearly the same structure as amphetamine, as
does the drug called fenethylline or Captagon in
the Middle East), have a similar action to cocaine
but, in addition, cause presynaptic neurons to
release additional dopamine stored within their
endings. The net result is that even more dopa-
mine accumulates within the synapses leading,
in turn, to enhanced dopamine effect. However,
like many of the newer antidepressants, cocaine
also blocks the reuptake of serotonin (sometimes
causing a disorder known as serotonin syndrome)
and blocks the reuptake of all catecholamines,
especially norepinephrine. It is this last action that
explains most of the vascular disease associated
with stimulant abuse. Excessive concentrations
of catecholamines within the heart cause scar-
ring (Figure 20.7) or even micro-infarction of the
myocardium (Figure 20.8). This process disrupts
the normal electrical flow of the heart, causing an
irregular heartbeat. The result can be fatal.

When moderate doses of stimulants are
ingested, the main effect is a profound state of
euphoria, which rapidly dissipates in the case of
cocaine, which has a half-life of 1 hour, but per-
sists for much longer in the case of other drugs,
such as methamphetamine, which has a half-life
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Table 20.1 Drugs classified into eight main groups according to their mode of action

Drug group Examples

Stimulants Amphetamines, Captagon, cocaine, ephedra, khat
Opiates and opioids Naturally occurring opiates, synthetic opioids
Sedative hypnotics Zolpidem

Hallucinogens

LSD (lysergic acid diethylamide), mescaline

Dissociative anaesthetics

GHB (y-hydroxybutyrate), PCP (phencyclidine), Salvia divinorium

Cannabinoids

‘Spice’, THC (tetrahydrocannabinol)

Solvents

Toluene, glue, lighter fuel

New synthetic agents Piperazines

Figure 20.7 Fibrosis of the heart secondary to stimulant
abuse.

closer to 12 hours. The half-lives of other amphet-
amines and khat fall somewhere in between. All
stimulants, except for khat, can be injected, insuf-
flated (snorted) or smoked. Khat (Figure 20.9)
is chewed. The onset of effects after smoking or
injecting occurs much more rapidly than when
the drug is taken orally because drug reaches
the brain more quickly. Rapid onset usually
implies that a drug’s effects will be more rapidly
terminated. Blood levels after smoking cocaine
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Figure 20.8 Zone of micro-infarction in the heart secondary to
stimulant abuse.

F

Figure 20.9 Khat.

free-base are comparable to those seen after
cocaine injected intravenously. The term ‘crystal
meth’ (Figure 20.10) is reserved for methamphet-
amine that has been allowed to crystallize slowly —
the less volatile the solvent, the larger the crystals
that form — but it is also smoked, resulting quickly
in high plasma concentrations. Chemically crys-
tal meth and methamphetamine are identical:
both can be dissolved, injected, insufflated or
smoked. Large crystals are highly prized by



Figure 20.10 Crystal meth.

methamphetamine smokers, but the effects pro-
duced are no different than with uncrystallized
methamphetamine.

Physical effects of stimulant use generally
include dilation of pupils, increased heart rates
and raised blood pressure.The problem for a clini-
cian involved in attempting to assess or determine
the type of drug used in an intoxicated individual
is that few users (either dependent on, or using
drugs recreationally) use a single drug, and thus
drugs from different groups may produce a wide
variety of clinical states. Heavy cocaine users may
occasionally manifest paranoid symptoms but
this is an uncommon event. When frank psychosis
does occuy, it is often in the form of Magnun syn-
drome, where users believe that ‘bugs’ are crawl-
ing out of their skin (called formication). Extreme
forms of this syndrome are manifest by self-injury.
Methamphetamine abusers not infrequently mani-
fest symptoms of florid paranoid psychosis. The
unique feature of methamphetamine psychosis
is that it may reoccur years after drug usage has
been discontinued. Its occurrence seems to be
related to methamphetamine-induced damage to
cortical white matter. These pathological changes
are quite easily visualized with magnetic reso-
nance imaging (MRI) scanning. This ability is not
shared by cocaine or other stimulants.

The most feared consequence of any type of
stimulant abuse is the syndrome referred to as
‘excited delirium’. Although not recognized as a
specific International Classification of Diseases
entity, the existence of this disorder is accepted by
forensic pathologists, forensic physicians. Forensic
toxicologists and by many authoritative bodies,
including the American Medical Association and
the American Academy of Emergency Physicians,

recognize that the syndrome, often lethal, is nota-
ble for the acute onset of hyperthermia and agi-
tated violent behaviour that often culminates in
a sudden unexplained death. The contribution
of, restraint, struggle and the use of conducted
energy devices (CEDs) such as TASER®, to the
cause of death in these cases is the object of con-
siderable controversy (see Chapter 11, p. 142);
however, there is good evidence that a central
nervous system (CNS) dysfunction of dopamine
signalling underlies the delirium and produces
fatal autonomic dysfunction.

The vascular complications of stimulant abuse
are numerous. Mostly, but not entirely, they relate
to catecholamine excess. Excessive amounts of
norepinephrine (noradrenaline) damage the
walls of blood vessels, and can cause dissection,
stroke and coronary artery spasm. The presence
of excess norepinephrine also accelerates the
onset of coronary artery disease, induces cardiac
enlargement and produces scarring (referred to
as interstitial fibrosis (see Figure 20.7) of the myo-
cardium. The combination of myocardial fibrosis
and cardiac enlargement is referred to as myocar-
dial remodelling. Remodelling greatly favours the
occurrence of sudden cardiac death. Both cocaine
and methamphetamine interact with the ion pores
controlling the normal electrical cycling of the
heart (the action potential) but react with differ-
ent channels. Cocaine blocks the sodium channel
(a property shared by all local anaesthetics) and
the hERG potassium channel. Methamphetamine
does not share either of those properties, but
does interact with L-type calcium channels, which
provides another reason that methamphetamine
can cause arrhythmias. Together, these inter-
actions lead to prolonged repolarization of the
heart cells, another abnormality that is associ-
ated with greatly increased risk of sudden death
(Figure 20.11).

The World Drug Report 2010, published by the
United Nations Office of Drug and Crime Control
(UNODC), shows that Saudi Arabian authorities
confiscated 12.8 metric tons of amphetamine
in 2008. A total of 24.3 metric tons of ampheta-
mine were seized worldwide that year, with
15.3 metric tons seized in the wider Middle
East, where abuse of amphetamine-like drugs
is becoming an increasing problem. According
to the UNODC, Captagon is the brand name for
a pharmaceutical drug developed in the 1960s
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Figure 20.11 Identifiable stages of the cardiac action potential.

to treat attention-deficit hyperactivity disorder
(ADHD). Production was discontinued in the
1980s. Pharmaceutical grade Captagon contains
a synthetic stimulant called fenethylline. Narcotic
manufacturers in southeastern Europe are taking
advantage of Captagon’s reputation as a stimu-
lant and producing counterfeit Captagon tablets,
stamped with the Captagon logo, but containing
amphetamine — a controlled substance — as well
as other chemicals, including caffeine. In gen-
eral, Captagon should produce amphetamine-like
effects, but the clinical picture may be clouded by
the presence of toxic adulterants.

Opiates and opioids

The term ‘opiates’ refers to morphine, other con-
tents of the opium poppy (such as codeine) and
compounds made by modification of the mor-
phine molecule. Box 20.1 lists commonly abused
opioids. Opioids are synthetic molecules. Opiates
and opioids both exert their effects by binding to
the |, opiate receptor located on neurons through-
out the brain. Similar receptors are also found
in the intestine, explaining why opiate users are
almost always constipated. Stimulation of the u,
receptor relieves pain, depresses respiration and
reduces gut motility. The only important differ-
ence between heroin, morphine and all the other
synthetic opioids is their relative affinity for the
U, receptor. Some opioids conform to the shape
of the |, receptor better than others and, accord-
ingly, produce greater or lesser effect, with some
synthetic opioids being more than 1,000 times as
potent as morphine itself.
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Box 20.1 Common opiates and opioids

Buprenorphine
Codeine
Fentanyl
Hydrocodone
Kratom
Methadone
Meperidine (pethidine)
Oxycodone
Oxymorphone
Propoxyphene
Tramadol

Opiate use can be accompanied by numerous
medical complications often related to the pro-
cess of injecting itself. However, there are some
complications that are specific to opiates and opi-
oids. Heroin smokers, for example, can develop a
specific type of brain degeneration that is not very
different from ‘mad cow’ disease; however, these
cases remain very uncommorn.

Several features of opiate abuse do merit
special consideration. Tolerance is one of these.
With chronic use, the user becomes less and less
responsive to the drug’s effects and must increase
the dosage. This phenomenon is just as much a
problem for hospital patients as it is for addicts.
Tolerance to different opiate effects emerges at
different rates. Tolerance to the pain-relieving
effects of morphine emerges quickly, but toler-
ance to morphine-induced respiratory depression
emerges very slowly. This differential effect often
leads to potentially life-threatening situations.
Clinicians need to be aware of the physical effects
of intoxication with these drugs, and the symptoms
produced by their withdrawal. Perhaps the best-
known sign of acute use of opiates is the presence
of pinpoint pupils (Figure 20.12). Withdrawal from
opiates (‘clucking’, ‘rattling’) leads to a number
of different symptoms, the severity of which is
mostly dependent on how severely addicted the
individual is: symptoms may include the presence
of gooseflesh, rhinorrhoea, lacrimation, yawning,
abdominal pain, muscle pain and diarrhoea and
vomiting.

Some opiates are much more potent than oth-
ers. Fentanyl, for example, is more than 100 times
more powerful than morphine, because it is a
better fit for the |, receptor than morphine. The
molecular structure of the opiate can also have
an effect on routine drug screening tests. Routine



Figure 20.12 Pinpoint pupils following opiate intake.

drug screening tests (including the various test kits
used in most casualty wards) are antibody based.
The antibodies used have usually been designed
to attach to morphine and will not react at all in the
presence of synthetic opioids such as fentanyl.

The non-narcotic materials used to adulterate
heroin by street dealers are called excipients.
They are used to increase drug volume in hopes
of increasing revenue. The compounds added to
enhance drug effects (called adulterants) are rela-
tively insoluble. This lack of solubility causes veins
to become sclerotic, explaining the track marks
seeninrepeatedinjection users (Figure 20.13).The
adulterants used in cocaine production tend to be
more soluble and cause far less damage to periph-
eral veins, even though they can occasionally be
quite toxic in their own right. Much of the cocaine
sold on the streets in the USA has been adulterated
with levamisole, an anti-helminthic piperazine
type drug with the ability to cause bone marrow
suppression. Similar cases are now occurring
in the EU. Occasional clusters of multiple deaths
have been reported as a result of the adulteration
of street heroin with illicitly produced o-methyl
fentanyl (as opposed to the unsubstituted, medici-
nal fentanyl). This can be problematic for toxicolo-
gists because, as indicated above, the presence
of fentanyl is not detected by routine screening
assays and will not be detected even when routine
screening is performed of whole blood using gas
chromatography/mass spectrometry.

Finally, there is the problem of genetic poly-
morphism. The phrase refers to mutations that
occur in all opiate receptors and in almost all
liver enzymes, including those that metabolize the

Figure 20.13 Track marks from intravenous drug
administration.

opiates. Depending on the type of mutation affect-
ing the receptor, drug effects can be minimized,
exaggerated or not altered at all. Depending on
their ability to metabolize opiates, individuals
may be classified as poor, normal, rapid or super-
metabolizers, depending on which mutation is
present in which gene. Tests are available that can
differentiate between different kinds of metabo-
lizers in the living, but they are not generally avail-
able for use in autopsy material Undiagnosed
polymorphisms often explain why patients fail to
respond to what appear to be adequate doses of
drug. Genetic polymorphism can also explain the
occurrence of unexpected deaths.

Sedative hypnotics

A very long list of prescription medications is
available for the treatment of insomnia. The drugs
most frequently prescribed for insomnia (which
may also have an anxiolytic action) include ben-
zodiazepines (BZs), non-benzodiazepines (non-
BZs) and antidepressants. Older drugs, such as
long-acting barbiturates and chloral hydrate have
fallen into disfavour. Benzodiazepines increase
the effect of the neuro-transmitter called GABA
(y-amino butyric acid).

In the absence of drugs the GABA, recep-
tor (GABA,R) binds to GABA, which is the major
inhibitory neurotransmitter within the CNS. When
itis activated the GABA, receptor selectively con-
ducts chloride ion through its central pore into
the cell. As a consequence, the neuron become
hyperpolarized. When a cell is hyperpolarized,
action potentials are less likely to occur and
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neurotransmission is slowed. The active site on the
GABA, receptor is, of course, GABA. However, the
receptor also contains a number of other different
binding sites, including areas where BZs, nonBZs,
barbiturates, ethanol and even inhaled anaesthet-
ics can bind.

Any drug that can bind to the GABA, recep-
tor is likely to exert sedative, anticonvulsant and
anxiolytic effects. Some drugs may produce mus-
cle relaxation while others may produce euphoria.
In general, these are very safe drugs. Death from
over-dose is rare. However, combinations of high
doses of BZs with other drugs, such as alcohol,
barbiturates, opiates and tricyclic antidepressants
may lead to coma and death, mediated primarily
by respiratory depression. Flumazenil is an appro-
priate reversal agent, which should be used with
caution because its effects are short-lived and
somewhat unpredictable, and re-sedation may
occur later. Supportive care in an appropriately
monitored setting is usually sufficient treatment
for those who have ingested drugs in this category.

The BZs have long been the drug of choice
for the treatment of insomnia, but long-term use
leads to dependence and abrupt discontinuation
can even lead to the occurrence of seizures. The
nonBZ hypnotics are more effective at speed-
ing the onset of sleep than BZs and are thought
to have fewer side-effects and drug interactions.
Antidepressants are considered third-line drugs
for the treatment of insomnia and, in most coun-
tries, have not been approved for the treatment
of insomnia. Nonetheless, they are widely pre-
scribed, despite the fact that any antidepressant
may precipitate serotonin syndrome. A list of the
most popular agents is shown in Box 20.2.

Box 20.2 Some common sedative
hypnotic drugs

® Benzodiazepines
— Triazolam
— Estazolam
— Temazepam
o Non-diazepines
— Eszopiclone
— Zaleplon
@ Antidepressant
- Trazodone
— Amitryptiline
® Melatonin receptor agonist
— Ramelteon (Rozerem)
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Hallucinogens

Criteria for membership in this group are difficult
to define. All members are said to share five com-
mon properties:

B changes in mood and perception dominate in
proportion to any other effects the drug may
exert;

B there is minimal impairment of intellect or
memorys;

B use is not associated with agitation;

M there are minimal side effects;

B craving and addiction do not occur.

Hallucinogens have traditionally been divided
into two groups depending on their chemical
structure — the phenylalkylamines and indolealky-
lamines. Mescaline is the best known of the for-
mer group while psilocybin (magic mushrooms),
bufotenine (also known as bufotenin or cebilcin)
(derived from the skin of certain toads), and LSD
(Iysergic acid diethylamide; Figure 20.14) are the
three best-known indolealkylamines.

In recent years these distinctions have become
blurred, as both dissociative anaesthetics (see
below) and designer amphetamines suchas MDMA
(8,4-methylenedioxymethamphetamine, com-
monly known as ecstasy), share some properties
with the hallucinogens. The most important distinc-
tion appears to be that, at worst, use of hallucino-
gens leads only to behavioural toxicity. However,
the hallucinatory ‘designer’ amphetamines have




been responsible for many deaths, often a result of
hyperthermia and multisystem failure. PMA (para-
Methoxyamphetamine) appears to be the most
dangerous member of this latter group.

The most notorious of the designer ampheta-
mines, by far,is MDMA (Figure 20.15). Shortly after
MDMA was introduced into England (and Ireland)
in the late 1980s, reports of MDMA-induced
hepatic failure began to appear in major medi-
cal journals. MDMA seized by Gardai is primarily
manufactured in clandestine laboratories located
in the Netherlands and Belgium. Most reported
deaths from MDMA have involved heat-related
illness, usually associated with rhabdomyolysis.
Substantial experimental evidence also confirms
the existence of MDMA-associated neurotoxicity.
High doses of MDMA given to rats produce dra-
matic decreases in brain serotonin concentra-
tions, although animals fully recover after 1 week.
In controlled human studies, the spinal fluid of
MDMA users has been found to contain reduced
concentrations of 5-hydroxyindoleacetic acid, the
major serotonin metabolite.

At the end of 2011, the European Monitoring
Centre for Drugs and Drug Addiction (EMCDDA)
warned about the availability of high-dosage tab-
lets and high-purity powder on the market. They
also warned about the circulation of PMMA (para-
methoxymethylamphetamine — closely related to
PMA), which can be found in a number of “legal
high” products. By the end of 2012, after the deaths
of two young men, the Health Service Executive
in Ireland issued warnings to drug users about

Figure 20.15 MDMA (3,4-methylenedioxymethamphetamine)
tablet.

a brown powder substance being distributed,
called ‘Dr Death’ or ‘Mandy’, which is known to
contain both MDMA and PMMA.

Dissociative anaesthetics

Five drugs fall into this category: phency-
clidine (PCP), ketamine, vy-hydroxybutyrate
(GHB), dextromethorphan and Salvia divinorum
(Figure 20.16). All are hallucinogens, and the first
four share the same mechanism of action: they
block the NMDA receptor, the predominant molec-
ular mechanism involved in memory function and
learning. Salvia has no effect on the NMDA chan-
nel. Instead, it specifically blocks the x receptor.
Drugs that bind to the k receptor produce intense
feelings of unhappiness and depression but all
have hallucinogenic (psychotomimetic) effects.

Salvinorin A, the active ingredient in Salvia
divinorum, is the exception. The only reason for
taking Salvia is to produce hallucinogenic effects,
but many potentially useful drugs also stimulate
Kk-receptors and the psychological side-effects
that result from this stimulation can be so strong
that the drug cannot be used for its intended clini-
cal purpose (the reason phencyclidine was with-
drawn from the human market).

The effects produced by salvinorin A are quali-
tatively different than those produced by the other
hallucinogens such as LSD or mescaline, and the
mechanism of action is not understood. It is known
that K-opioid receptors also play a key role in the
human stress response. Because ¥ stimulation

Figure 20.16 Salvia divinorum.
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tends to neutralize the effects of |, stimulation,
and some feel the presence of the k receptor may
diminish the possibility of drug overdose. There
is also evidence that stimulation of x receptors in
some way protects the neuron from damage; in
particular, damage produced by hypoxia/ischae-
mia is minimized in the presence of x receptor
agonists but, again, the mechanisms involved
remain totally unknown.

Marijuana

Marijuana (Figure 20.17), with multiple street
names (e.g.weed, hash, skunk), is a drug that inter-
acts with many different receptors. The body itself
produces marijuana-like drugs called endocan-
nabinoids. These are compounds with structures
similar to that of THC (tetrahydrocannabinol), the
active ingredient in marijuana. Endogenously
produced endocannabinoids bind with specific
endocannabinoid receptors known as C1 and C2.
Surprisingly, there is evidence that, in addition to
binding C1 and C2, THC also interacts with the
benzodiazepine receptor and opioid receptors.
THC increases pulse rate in direct proportion to
the dose administered. It may decrease cardiac
output, and can sometimes cause syncope, par-
ticularly in those with pre-existing heart disease.
Whether or not THC relieves pain is still
debated, but there is little doubt that, once
within the body, THC remains in the body fat
stores for a very long time (> 1 month). It is then
slowly released back into the circulation by an
assortment of different stimuli, including diet-
ing and stress. Both of the latter conditions lead
to increased secretion of ACTH and cortisol that,

Figure 20.17 Marijuana/hash.
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in turn, can also cause THC stored in fat to be
released. If stress can cause the release of THC
stored in fat cells, what is to be made of the driver
suspected of driving under the influence who is
found to have low concentrations of THC in his
blood, even if he had not smoked marijuana for
weeks prior to the event? In this case THC stored
weeks earlier would have been released. Should
he be charged with driving under the influence?
It is essential that an appropriate clinical exami-
nation be undertaken to determine whether or
not there is clear evidence of any drug having
been consumed and, if so, whether that drug has
an effect on that individual’s ability to drive prop-
erly. As is also the case with phencyclidine, so
much marijuana is stored in fat tissue, the inter-
pretation of post-mortem blood levels is almost
impossible. After death, as individuals cells die,
they release their drug content and there is
no way to differentiate between THC that was
ingested just before death from drug that was
ingested 1 month earlier.

Multiple new drugs are increasingly becoming
available as governments limit the availability and
legality of so-called ‘legal highs’ (see below). For
example ‘Spice’ has recently become popular. It is
sold mostly over the Internet and at ‘head shops’.
Spice is the popular name for a molecule named
JWH-018 (1-pentyl-3-[1-napthoyl]indole). It exerts
many of the same effects as the cannabinoids but
has a completely different structure. Although the
structure of Spice is very different from THC, it
nonetheless avidly binds at the same C1 and C2
receptor, at exactly the same sites where THC is
active. The effects produced are said to be the
same as smoking marijuana, but are believed to
last much longer. The potential use of this com-
pound as a transdermal pain reliever is under
investigation, but if it ever does come to market
there will, no doubt, be a thriving black market
trade.

Solvents

Solvents such as toluene volatize at room tempera-
ture, allowing users to inhale the fumes, a practice
referred to as ‘huffing’. Use of these agents and oth-
ers such as glue, or gas fuel for cigarette lighters
is much less common now than previously. Glue-
sniffing was more frequent in the 1980s but still
occurs. Clinical examination may reveal traces of



the inhalant, such as glue, around an individual’s
mouth and face, with the persistent odour of the rel-
evantinhalant.Some individuals may have evidence
of singeing of beard or hair, or evidence of old burn
injury to the face, as many of the agents used for
such practices are highly flammable and do not
associate well with lighted cigarettes. Toluene, as
opposed to the solvents found in hair spray, dry-
cleaning fluid and gasoline, is the agent most often
responsible for fatal intoxication. The mechanism
seems to be the disruption of normal cardiac elec-
trical activity. Inhalation of any solvent will result in
transient euphoria, headache and ataxia. Members
of this group selectively destroy brain white mat-
ter, and a distinctive pattern can be identified in
the MRI scans of chronic abusers. Solvents share
some properties with other depressants such as
barbiturates, benzo-diazepines and even alcohol.
However, the solvents, as a group, interact with so
many different receptor subtypes that their actual
mechanism of action remains unclear.

New synthetic agents
and legal highs

These drugs first emerged in New Zealand dur-
ing the early 2000s, but use has quickly spread to
involve Europe and the USA.These drugs are com-
monly, and sometimes incorrectly, known as legal
highs. Their legal status is generally an evolving
one, and what was legal one day may, by virtue of
new legislation, become illegal nearly overnight.
Governments are concerned by the proliferation
of such substances, many of which may be sold in
corner shops or over the Internet, and appear to
be taking rapid action to address these problems.
All of these newly abused drugs belong to the
chemical class known as piperazines, derived from
piperazine and benzyl chloride. Piperazines were
originally used as worming agents in humans and
in veterinary medicine, particularly in the treat-
ment of round worms (especially Ascaris); they
paralyse the worms so they are flushed out by per-
istalsis. However, the medicinal use of piperazines
is banned in many countries. Ironically, more than
half of the cocaine sold in the USA is contaminated
with levamisole, a piperazine anti-helminthic,
which was initially withdrawn from the US market
because it is known to induce bone marrow sup-
pression. Several piperazines derivatives are now
in circulation and are discussed below.

1-Benzylpiperazine (BZP) is a stimulant. It is
sold as a legal alternative to amphetamine,
methamphetamine and MDMA and, on occa-
sion, is misrepresented as MDMA. It interacts
with numerous different receptors, but the net
effect produced more or less resembles that of
an amphetamine type drug. Consequently the
adverse effects associated with BZP use are likely
to include confusion, agitation, vomiting, anxiety
and palpitations. There is strong evidence that
higher plasma levels of BZP are associated with
an increased incidence of seizures. Co-ingestion
of ethanol increases the likelihood of adverse
BZP-induced symptoms, but reduces the inci-
dence of BZP seizures.

When taken in small doses the piperazine com-
monly abbreviated as TFMPP (trifluoromethyl-
phenylpiperazine) is said to produce effects like
those of MDMA. However, in large doses, or when
combined with BZP, or alcohol or both, it may be
toxic. A recent clinical trial employing a fixed
dose of TFMPP and BZP had to be discontinued
early because so many of the participants experi-
enced agitation, anxiety, hallucinations, vomiting,
insomnia and migraine. As with BZP, many of the
effects resemble those produced by ampheta-
mines, including increased heart rate and blood
pressure and insomnia.

Meta-Chlorophenylpiperazine (MCPP) is also a
piperazine and a non-selective serotonin receptor
agonist. It is sold as legal alternative to illicit stimu-
lants, mostly in New Zealand. Like the other pip-
erazines, MCPP is sometimes sold as faux MDMA.
MCPP causes headaches in humans, and has
been used as a challenge agent for testing poten-
tial antimigraine medications. Up to 10 percent
of those who take MCPP will develop a migraine
headache, and 90 percent of individuals who com-
monly suffer from migraines will have an attack
if challenged with MCPP. This has tended to limit
the use of MCPP as a recreational drug, and may
explain why no deaths have been reported after
its use. There are also reports that MCPP has been
used as a cocaine adulterant.

Harm reduction measures on the club and rave
scene have included on-the-spot analysis of drugs
to ensure that what has been bought (even though
illegal) is what it is purported to be rather than
something more dangerous.

An example of the concerns resulting in rapid
legal changes is the change of status in Ireland
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of head shop products. The Misuse of Drugs Acts
1977 and 1984 are the main drug acts in Ireland.
There are five schedules of drugs in the legisla-
tion, based on the usefulness of the drugs and the
nature of the controls required. New substances
are not added to the schedules but are declared
by government order to be the equivalent to drugs
that are controlled under the Acts. In Ireland, sub-
stances within a defined chemical family are auto-
matically considered controlled drugs. Almost 200
substances were banned by government order in
May 2010 if they fell into these categories;

B Synthetic Cannabinoids

B BZP Derivatives

B Mephedrone & related cathinones

B GBL & 1,4 BD (gamma-hydroxybutyrate & 1,4
butanediol/tetramethylene glycol)

By August of the same year, the Criminal Justice
(Psychoactive Substances) Act 2010 was enacted.
This Act made it a criminal offence to sell sub-
stances that have psychoactive effects and as
a result, the number of head shops operating in
the country fell from 113 to 10. Approximately
60 other head shop products were controlled by
November 2011.

As these drugs are relatively new, with little
exposure experienced by humans, there are many
concerns for possible ill health effects that remain
unknown. It should be noted that some ampheta-
mine analogues containing paramethoxy group
are known to cause severe hyperthermia and
even death owing to concurrent monoamine oxi-
dase inhibitor (MAOI) and monoamine releasing
action.

B Drug facilitated
sexual assault

Drug facilitated sexual assault (DFSA) is a matter
of huge public concern. There is now an abun-
dance of data that indicates that alcohol is the
most important drug that facilitates sexual assault,
and in many cases this has been consumed by the
complainant rendering them more compliant and
thus vulnerable to assault.

Certain drugs have been identified as having
particular potential for use in DFSA and these
include, ethanol, chloral hydrate, BZs, nonBZ
sedative-hypnotics, GHB, ketamine, opioids,
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dextromethorphan, barbiturates, anticholinergics
and antihistamines. Clinical examination and sam-
pling of blood, urine and hair as soon as possible
after an alleged incident may assist in determin-
ing the possible drug group involved (if any), and
the time at which it was involved. Such information
may assist the toxicology laboratory in directing
appropriate investigation techniques. Possibly
the most important future need is for education
to ensure that children and young people under-
stand the implications of drug-induced risky deci-
sions, reduced inhibitions and reduced ability to
resist.

One caveat about GHB is that inferences about
ingestion cannot be drawn from autopsy material,
as might be the case when a fatal sexual assault
has occurred. GHB is produced as a post-mortem
artefact, both in the urine and the blood, and post-
mortem GHB blood measurements are particu-
larly suspect. Different laboratories have different
‘cutoffs’ for reporting GHB results, and these val-
ues may vary from country to country and from
laboratory to laboratory.
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B Introduction

Large doses of any medicine may cause car-
dio-toxicity or neurotoxicity but when toxicity
occurs it usually does so as a result of the drug’s
shared ability to stimulate the same set of brain
receptors as are stimulated by abused drugs.
Analgesics such as oxycodone and hydrocodone
bind to the same set of | receptors as morphine.
Antitussives, such as dextromethorphan, bind
the same set of N-methyl-D-aspartate (NMDA)
receptors as any other dissociative anaesthetic.
Barbiturate drugs are rarely the cause of death
except, perhaps, in epileptics, where death is
more likely caused by the absence of the drug
rather than any excess (sudden unexpected
deaths in epileptics — SUDEP). Members of the
benzodiazepine family (alprazolam, clonaze-
pam, diazepam, zolpidem) bind the benzodiaz-
epine receptor located on the y-aminobutyric
acid, (GABA,) receptor acting synergistically
with opiates to depress respiration. Second- and
third-generation antidepressants cause ‘seroto-
nin syndrome’, but the underlying mechanism
is just the same as that of cocaine - the antide-
pressants prevent the reuptake of serotonin,
leading to the accumulation of excess serotonin

Medicinal
POISONS

in the synaptic cleft between nerve endings.
When prescription medications are considered,
two disorders have come to predominate most
discussion: serotonin syndrome and QT interval
prolongation.

B Serotonin syndrome

Serotonin syndrome 1is a potentially life-
threatening adverse drug reaction that occurs
when excess serotonin accumulates within the
synaptic cleft of neurons in the central nervous
system. It may be caused by therapeutic drug
use, inadvertent interactions between drugs,
overdose of prescription drugs or the recrea-
tional use of certain other drugs such as cocaine.
A spectrum of specific symptoms, somatic, cog-
nitive and autonomic, may occur. In full-blown
serotonin syndrome symptoms include: cogni-
tive effects (mental confusion, hypomania, hallu-
cinations, agitation, headache, coma), autonomic
effects (shivering, sweating, hyperthermia,
hypertension, tachycardia, nausea and diar-
rhoea) and somatic effects (myoclonus, hyper-
reflexia and tremor). A list of drugs known to
cause serotonin syndrome is given in Box 21.1.
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Box 21.1 Drugs known to cause
serotonin syndrome

Antidepressants

Monoamine oxidase inhibitors

Selective serotonin reuptake inhibitors

Tricyclic antidepressants

Bupropion

Trazadone

Opiates

Buprenorphine

Fentanyl

Hydrocodone

Merperidine

Oxycodone

Pentazocine

Stimulant drugs

Cocaine

All amphetamines

Methylphenidate

Migraine treatments

All triptans (agents that bind type 1 serotonin receptors

Psychedelics

LSD (lysergic acid diethylamide)

MDMA (3,4-methylenedioxymethamphetamine, commonly known as

ecstasy)

o MDA (3,4-methylenedioxyamphetaming)

® Miscellaneous agents (many different types of drugs fall into this
category)

@ Chlorpheniramine

@ Dextromethorphan

o Lithium

°

°

°

Olanzapine
Risperidone
Ritonavir

B QT interval prolongation
(long OT syndrome)

Individuals with long QT syndrome (LQTS)
experience abnormal prolongation of the QT
interval — the portion of the electrocardiogram
(ECG) that represents repolarization of cardio-
myocytes (Figure 21.1). The QT interval extends
from the onset of the Q wave to the end of the T
wave. The normal rate-adjusted length for the
QT interval is less than 440 milliseconds. A pro-
longed QT interval favours the occurrence of a
lethal form of ventricular tachycardia known as
torsades des pointes. The QT prolongation may
be caused by genetic aberration or it may be
acquired. Even those with the genetic form of the
disease may have a perfectly normal-appearing
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Figure 21.1 Electrocardiogram (ECG) showing QT
interval which can be prolonged in the repolarization of
cardiomyocytes.

electrocardiogram until some event causes the QT
interval to lengthen, become pathologically long
and produce an arrhythmia. The diagnosis cannot
be made at autopsy except by DNA resequencing.
This advanced diagnostic procedure is already
being performed at some centres today.

An acquired form of this disorder also exists
and is, in fact, much more common than the her-
itable form of the syndrome. Acquired LQTS is
the result of a drug interaction between a drug
and one of the channels that controls the orderly
sequence of depolarization within the heart’s indi-
vidual cardiomyocytes. This structure in question
is called the ‘rapid delayed repolarizing channel’,
abbreviated as hERG. The molecular structure of
the hERG channel is shown in Figure 21.2.

Some individuals carry mutations that make
them more subject to hERG interactions.The end
result is the same as with any hereditary cause
of the disease: QT prolongation, arrhythmia and
sudden death. Methadone is perhaps the most
notorious of the drugs that produce this syn-
drome but, as indicated in Box 21.2, the list of
drugs is a long one and is growing continuously.
Routine toxicology screening will not reveal
whether this interaction has occurred, and there
will be no detectable changes at autopsy, making
a thorough review of the medical history manda-
tory; even then the diagnosis may be impossible
to make at autopsy.



Figure 21.2 Rapid delayed repolarizing (hERG) channel:

a computer rendering showing an experimental anti-arrhythmic
drug docking in within the central cavity of the hERG
potassium channel.

Box 21.2 Drugs causing QT prolongation

All of the drugs listed below have been show to cause ventricular tachy-
cardia (torasades des pointes). Note that many, though far from all, are
either drugs intended to treat cardiac arrhythmias or macrolide antibiotics

Amiodarone
Arsenic trioxide
Astemizole
Bepridil
Chloroquine
Cisapride
Clarithromycin
Disopyramide
Dofetilide
Droperidol
Erythromycin
Halofantrine
Haloperidol
Ibutilide
Levomethadyl
Mesoridazine
Methadone
Pentamidine
Pimozide
Procainamide
Quinidine
Sotalol
Sparfloxicin
Terfenadine
Thioridazine

B Drugs with unique
modes of action

Some drugs have unique modes of action.
Poisoning with phenacetin is now an exceed-
ingly rare event because its proclivity to pro-
duce renal disease is well known. However, it is
an effective pain reliever by virtue of its actions
on the sensory tracts of the spinal cord. Lithium,
even though itself devoid of any psychoactive
effects, except as a mood stabilizer, has a very
complex mode of action. In fact, its mode of
action is not known with certainty. There is some
evidence that an excitatory neurotransmitter
could be involved. It has also been proposed that
lithium alters gene expression. Most recently it
has been proposed that lithium might restore
normal brain function to those with bipolar dis-
order, and that it somehow does so by deactivat-
ing an enzyme called GSK-3B. Chronic lithium
poisoning is characteristically associated with
greater toxicity than acute ingestion, and is usu-
ally manifested by neurotoxicity of rapid onset.
Another feature of lithium poisoning is delayed
cardiotoxicity, usually manifesting as bradycar-
dia. Diagnosis of poisoning is by measurement of
blood lithium concentrations.

No discussion of forensic toxicology would
be complete without some mention of insulin
poisoning. Insulin poisoning was once a popular
means of homicide; now it is rare. Insulin over-
dose can cause fatal brain damage, but if over-
dose is suspected it can be confirmed by several
different methods. C-Peptide is a peptide that
is made when proinsulin is split into insulin and
its C-peptide fragment. This event occurs just
before release of insulin from the pancreas. If
concentrations of the peptide are very low and
insulin very high, the disparity would suggest
that exogenous insulin had been administered.
However, unless the blood specimen is fro-
zen, levels of C-peptide may degrade rapidly.
DNA analysis offers another possible approach.
Biosynthetic ‘human’ insulin is now produced
by genetic engineering. Some of the bioengi-
neered insulin has a slightly different structure
than human insulin and these differences can
be detected. A friend, relative or care-giver is
almost always the one who carries out homicide
by insulin injection.
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B Arsenic

When arsenic is detected in a post-mortem tissue
sample the significance of its presence is often dif-
ficult to determine. The presence of arsenic may
indicate acute poisoning or it may indicate noth-
ing at all. This predicament arises because arse-
nic exists in two forms: organic and inorganic. The
term ‘organic’ indicates that the arsenic is bound
to another organic molecule and unable to exert
toxicity (the resultant compounds are called arse-
nosugars and arsenobetaine). In contrast, the term
inorganic arsenic indicates that the arsenic atom
exists as a salt bound to another cation; this salt
may disassociate and then cause poisoning. The
arsenic found in oysters from contaminated oyster
beds is an example of organic arsenic, whereas
the arsenic found in coal deposits is an example
of the inorganic form. The standard method used
to detect arsenic in post-mortem materials does
not differentiate organic from inorganic arsenic,
so the mere detection of this compound has little
significance, at least not without a very suggestive
clinical history.

In its free form, arsenic is highly toxic. This is
unfortunate as arsenic is found in the drinking
water of millions of people all around the world.

Miscellaneous
POISONS

Estimates suggest that more than 13 million
Americans, mainly those who use well water, are
exposed to toxic levels of free arsenic every day.
The entire aquifer of the Indian subcontinent is
also contaminated with arsenic, which explains
why many Indian herbal remedies are contami-
nated with arsenic. Mere exposure to arsenic does
not guarantee illness because the liver is capable
of rapidly detoxifying free arsenic and excreting
it from the body. This protective mechanism does
have its limits though, and in the presence of mas-
sive amounts of arsenic, the liver’s ability to detox-
ify arsenic is overwhelmed.

Arsenic poisoning was once a popular type
of homicide, but no longer. Arsenic poisoning is
now most likely to be seen in children who have
ingested arsenic pigments found in old lead-
based paints (the two elements are often com-
mingled). Such paint still exists on the walls of
some Victorian era homes and constitutes a health
menace.

Three forms of arsenic poisoning are recog-
nized: acute, subacute and chronic. At any stage of
the disease the breath may have garlic-like odour
(as will a cadaver’s tissues at autopsy). In acute
poisoning, when 1 g or more of inorganic arsenic
has been administered, gastrointestinal symptoms
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predominate with bloody vomiting and severe
diarrhoea. The diarrhoea can be sufficiently copi-
ous to cause shock and cardiorespiratory failure.

If the victim dies very quickly, no abnormali-
ties will be evident at autopsy. However, if a few
hours pass before death occurs, inspection of the
upper gastrointestinal (GI) tract will show that
the oesophagus has become red and inflamed.
In some instances, the inflammation can be so
intense that the bowel is said to have a ‘red velvet’
appearance. The only other reliable post-mortem
change produced by arsenic poisoning is bleed-
ing from the muscle that lines the inner surface
of the left side of the heart (an area known as the
left ventricular subendocardium). Unfortunately,
this is a relatively non-specific abnormality seen
in conditions where the blood pressure suddenly
collapses; the cardiac changes can be especially
prominent when there has been massive blood
loss from arsenic-induced bloody diarrhoea.

Chronic arsenic poisoning presents a very
different picture and may be difficult or even
impossible to prove with certainty. It is sometimes
diagnosed as gastroenteritis or, occasionally, neu-
ropathy.Victims may present with vague symptoms
of leg and arm pain secondary to arsenic-induced
nerve damage. In chronic poisoning the skin may
become overly dry and pigmented, especially
within the lines of the forehead and neck. Hair loss
is common, and there may be swelling of the legs.
In the early stages of chronic poisoning, the stom-
ach looks normal, but eventually haemorrhagic
gastroenteritis will develop. The liver will contain
excessive amounts of fat, but usually only around
the edges. The kidney and heart will be damaged,
but the damage is only apparent if the tissues are
examined with a microscope. The nails may shows
‘Mee’s lines’ — transverse white bands across the
fingernails.

B Paraquat

Paraquat is a toxic chemical that is widely used
as an herbicide (weed killer). Paraquat has been
banned from sale across the EU since July 2007 but
stockpiles of the substance remains on farms and
other locations throughout Ireland. Therefore, it is
important to be able to recognise the symptoms of
paraquat poisoning, especially as most instances
that have occurred were poisoning with suicidal
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intent. The most likely route of poisoning by para-
quat is through ingestion but it is also possible
after skin exposure. This is more likely to occur
if the exposure lasts for a long period of time or
if the skin is not intact due to cuts or sores etc. If
ingested, paraquat is rapidly absorbed from the
gastrointestinal tract and can be detected in urine
as early as one hour post-ingestion. The kidneys
are the major route of elimination.

Due to the alkaline pH of the product, the early
features of paraquat poisoning are typically vom-
iting or haematemesis. There may be local tissue
damage in the mouth and also in the upper gastro-
intestinal tract. Buccal burns often develop within
24-36 hours. Severely poisoned patients are likely
to develop acute fulminant poisoning with death
occurring within 24-48 hours due to multi-organ
failure, shock, or corrosive destruction of the GI
tract. Patients with moderate to severe poison-
ing can develop acute renal tubular necrosis and
hepatic damage within a few days of ingestion.
Following this, the main feature of poisoning is
progressive pulmonary fibrosis with profound
hypoxemia. Mortality can be five days to several
weeks post-ingestion in these cases.

When a patient presents with paraquat poison-
ing, if they are not vomiting already, then activated
charcoal or Fullers earth should be administered
as soon as possible. If the patient is vomiting, then
the vomiting can be controlled using ondansetron
(8mg iv) and then administer activated charcoal/
Fullers earth. A urine test can confirm ingestion
in the early stages. If it is positive, a plasma para-
quat level should be done urgently to assess the
severity of poisoning. Some patients find relief
for buccal burns from a mouthwash containing
diphenhydramine, aluminium hydroxide, mag-
nesium hydroxide and lignocaine. Chest x-rays
and pulmonary function tests should be carried
out but supplemental oxygen should be avoided
in the early stages because it may worsen the
paraquat induced redox reaction. In each case the
prognosis and the comfort of the patient should
also be considered.

B Carbon monoxide

Intoxication from carbon monoxide (CO) is a
phenomenon that occurs in a wide variety of set-
tings worldwide. Carbon monoxide is a major




environmental toxin whose effects were described
over a century ago by Haldane. It is a colour-
less, odourless and non-irritant gas produced
by the incomplete combustion of hydrocarbons
and found whenever organic matter is burned in
the presence of insufficient oxygen. The highest
concentrations to be found in the modern urban
environment are generated by motor vehicles,
petrol-powered tools, heaters and barbecues.
Ambient air concentrations of more than 100 ppm
are considered dangerous to human health. The
effects observed include a variety of physical and
neurological signs and symptoms ranging from
none to death. Exposure occurs in two main ways:
(1) acute exposure for varying lengths of time
where the effects are generally immediately obvi-
ous, and (2) delayed or chronic exposure where
the effects may be unrecognized for days, months
or years. The diagnosis of CO exposure may be
one of exclusion. The problems of recognizing
low-grade exposure to CO may result in a con-
siderable underestimation of the problem. It has
been estimated that in the USA that there are up to
6,000 deaths from CO poisoning per annum, with
up to 40, 000 emergency department attendances
for non-fatal exposure.

Carbonmonoxide dissolvesinplasmaandbinds
to oxygen-transporting proteins haemoglobin (in
plasma) and myoglobin, and the cytochrome sys-
tem in tissues. The most significant affinity is for
haemoglobin. CO is absorbed through the lungs
and binds to haemoglobin (Hb) forming carboxy-
haemoglobin (COHb). This a reversible reaction
that can be described as follows:

HbO,+ CO — COHb + O,

The affinity of Hb for CO is up to 250 times
greater than that for oxygen and the presence of
CO results in a shift of the oxygen-haemoglobin
dissociation curve to the left, causing decreased
oxygen-carrying capacity and impaired delivery
of oxygen to the tissues. Cellular hypoxia results
and cardiac function is diminished because
of hypoxia. The link between levels of CO and
effects is not direct. The amount of uptake is gov-
erned by a number of variables, all of which are
interrelated and include: relative concentrations
of CO and oxygen, alveolar ventilation, duration
and intensity of exposure. However, chronic expo-
sure to high levels of CO leads to CO binding to

proteins with less affinity than haemoglobin, such
as myoglobin and cytochromes of the P450 sys-
tem, particularly a3. Differential affinity may also
account for some of the variations in response to
exposure. Hypoxic stress caused by CO exposure
alone would not seem to account for some of the
longer-term effects and it is believed that CO also
initiates a cascade of events culminating in oxida-
tive stress.

The World Health Organization has issued
guidelines for the level of CO in the air that will
prevent blood COHb levels from rising above
2.5 percent. Exposure to CO may be difficult to
detect.Work, domestic and leisure settings may all
account for exposure. If exposure is suspected, it is
appropriate to use a system such as the CH20PD2
mnemonic to try to explore the source of environ-
mental exposure (enquiring about Community,
Home, Hobbies, Occupation, Personal, Diet and
Drug issues). Systematic enquiry is the most effi-
cient way of establishing a cause and a source.

Poisoning by CO is described as a ‘disease
with a thousand faces’ because of its many dif-
ferent clinical presentations. Classic acute CO
intoxication is said to cause the triad of cherry-
red lips, cyanosis and retinal haemorrhages, but
this type is rare. In many cases a more insidious
presentation develops and the only indicator may
be a general malaise or suspicion of a viral-type
illness. Specific symptoms include headache, diz-
ziness, nausea, shortness of breath, altered vision,
altered hearing, chest pain, palpitations, poor con-
centration, muscle aches and cramps and abdomi-
nal pain. Sometimes these may occur in clusters
and sometimes in isolation. More serious effects
include loss of consciousness, myocardial ischae-
mia, hypotension, congestive cardiac failure,
arrhythmias, mental confusion, and mood varia-
tion. These symptoms and signs may be present
during acute exposure at higher level in non-fatal
cases, but also in the more chronic or prolonged
exposures.

In addition to the symptoms and signs dis-
cussed above there are a variety of neurologi-
cal, psychiatric and psychological sequelae that
may develop days, months and years after initial
exposure.

Diagnosis is made by measurement of venous
COHDb levels; however, there is no absolute level
that can confirm the presence or absence of poi-
soning. A level above 10 percent is considered
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Box 22.1 Haemoglobin concentrations of

carbon monoxide (CO) and guideline symptoms

® In non-smokers less than 3% total haemoglobin contains CO

@ In smokers 2—10% of haemoglobin contains CO

® 20-30% of haemoglobin causes headache, nausea, vomiting and
confusion

® 30-40% of haemoglobin causes dizziness, muscle weakness, confu-
sion, rapid heart beat

® 50-60% of haemoglobin causes loss of consciousness

@ Over 60% of haemoglobin causes seizures, coma, death

to confirm the diagnosis, unless the individual
is a heavy smoker (Box 22.1). Concentrations of
COHb in arterial blood are not significantly dif-
ferent from venous concentrations and so an arte-
rial sample is not required for diagnosis. Arterial
blood gas measurements can show a mixed pic-
ture of normal partial pressure of oxygen, variable
partial pressure of carbon dioxide, decreased oxy-
gen saturation, all in the presence of a metabolic
acidosis. Problems arise, particularly in chronic,
lower-dose exposures, because the COHb con-
centration will revert to ‘normal’ values once the
source of exposure has been removed; however,
the removal process is dependent on the half-life
of COHD in the particular setting. Normal COHb
levels do not necessarily rule out CO poisoning.
See Appendix 3 for more detailed guidelines on
diagnosing CO poisoning issued by the Health
Protection Agency.

Table 22.1 shows the symptoms produced by
increasing concentrations of carbon monoxide
within the body.

Carbon monoxide was once a frequent means
of suicide, but changes in technology have led to

Table 22.1 Symptoms produced by carbon monoxide

Concentration (ppm) ‘ Symptom

35 Headache, dizziness

100 Headache, dizziness

200 Headache, loss of judgement

400 Frontal headache

800 Dizziness, nausea, convulsions

1600 Tachycardia, nausea, death in less than
1 hour

3200 Tachycardia, nausea, death in less than
20 minutes

6 400 Convulsions, respiratory arrest, death in
1-2 minutes

12 800 Unconsciousness after two breaths, death
in 3 minutes
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a marked decrease in the number of deaths. In
the 1950s inhaling coal gas accounted for nearly
half of all suicides in the UK, but the rate markedly
declined after natural gas replaced coal gas in
the 1960s. The introduction of catalytic converters
for automobiles has reduced, but not quite elimi-
nated, suicides committed by inhaling the exhaust
fumes from a car engine operating in an enclosed
space. The catalytic converters found in cars today
eliminate over 99 percent of the carbon monoxide
produced but, even then, very substantial amounts
accidental poisonings and suicides by carbon
monoxide occur as a result of burning charcoal in
a confined space. In the most frequent scenario, a
charcoal barbecue is lit in a closed room. If death
was solitary and intended, then the windows and
doors are likely to have been sealed off. If not, it
may be difficult to determine whether or not the
cause of death was accident or suicide.

B Cvanide

Cyanide ions prevent cells from utilizing oxygen;
they inhibit the enzyme cytochrome c oxidase.High
concentrations of cyanide lead to cardiac arrest
within minutes of exposure. Exposure to lower lev-
els of cyanide over a long period (e.g. after use of
cassava roots as a primary food source, which is
a relatively common occurrence in tropical Africa)
resultsinincreased blood cyanide levels,which can
cause weakness and a variety of symptoms includ-
ing permanent paralysis. Cigarette smoking also
increases blood cyanide concentrations, although
most of the time the increase is asymptomatic and
blood concentrations modest. In non-smokers, the
average blood cyanide concentration is less than
0.01 pmol/L, rising to 1 mol/L immediately after
smoking. In chronic smokers concentrations may
be 10 times higher.

Large infusions of sodium nitroprusside, used to
treat hypertensive emergencies, can lead to seri-
ous cyanide poisoning, but more commonly cya-
nide poisoning is encountered in fire survivors, as
many contemporary fabrics and building materi-
als contain plastics that can liberate cyanide dur-
ing combustion. Cyanide is said to have the smell
of bitter almonds, but approximately 10 percent of
the general population are congenitally unable to
perceive this smell. This rarely leads to exposure in
the autopsy suite because, in the course of normal




circumstance, multiple staff members will be pre-
sent and at least one is like to perceive the odour.

B Lead

Routes of lead exposure include contaminated air,
water, soil, food and certain lead-containing con-
sumer products, particularly those made in China.
In adults the most common cause of lead poison-
ing is occupational exposure, whereas in children
it is the lead paint that exists in older homes. Aged
lead paint is likely to peel off walls and may look
like an attractive comestible to children. Lead is
toxic because it can substitute for calcium in many
fundamental cellular processes, although how it
does so is not entirely clear: neither the electronic
structures nor the ionic radii of the two elements
bear any particular resemblance. Nonetheless,
lead can cross red blood cell membranes as well
as the blood-brain barrier and enter the neuroglia
cells which support brain function. This explains
why exposed children may develop permanent
learning and behavioural disorders.

Symptoms of lead poisoning include abdomi-
nal pain, headache, anaemia, irritability and, in
severe cases, seizures, coma and death. X-rays will
expose dense lines in the long bones of children
and red cells undergo a change known as baso-
philic stippling, where blue-staining remnants of
destroyed DNA are seen lining the margins of the
red cells. This change is diagnostic for lead poi-
soning. The main tool for diagnosis is measure-
ment of the blood lead level. Treatment depends
on the blood level and is designed to remove the
lead from the body (chelation therapy).

B Methanol

Like ethanol, methanol can cause fatal central
nervous system (CNS) depression but, in addition,
itis also toxic because it is metabolized to produce
formic acid (present as the formate ion) via for-
maldehyde in a process initiated by the enzyme
alcohol dehydrogenase. All of these processes
occur in the liver. Formate is toxic because it inhib-
its mitochondrial cytochrome c oxidase, causing
hypoxia at the cellular level. Methanol also causes
metabolic acidosis. Methanol poisoning most
often occurs after drinking windscreen-washer

fluid, but methanol is also used in copy machines
and can be found in many other products, even
embalming fluid. Methanol poisoning still remains
a well-known consequence of ‘moonshine’ liquor
ingestion, although this practice is increasingly
uncommon. When paediatric poisoning occurs it
is usually the result of having ingested methanol-
containing household products. Ingestion of even
small amounts of methanol, in addition to causing
profound metabolic acidosis, may lead to blind-
ness or even multi-organ system failure and death.

The initial symptoms of methanol intoxication
include CNS depression, with headache, dizzi-
ness, nausea, lack of coordination and confusion.
Large doses quickly lead to unconsciousness and
death. Once the initial symptoms have passed, a
second set of symptoms can be observed 10-30
hours after the ingestion. These include blind-
ness and worsening acidosis. These secondary
symptoms are caused by accumulating levels of
formate in the bloodstream. The process may pro-
gress to death by respiratory failure.

Methanol poisoning can be treated with the
antidotes ethanol or fomepizole, the goal of using
either is to compete with alcohol dehydrogenase
so that the methanol is excreted by the kidneys
instead of being converted into toxic metabolites.
Supplemental treatment with sodium bicarbonate
for metabolic acidosis and haemodialysis or even
haemodiafiltration can be used to remove metha-
nol and formate from the blood.

Because of its toxic properties, methanol is fre-
quently used as a denaturant additive for ethanol
manufactured for industrial uses as this addition
of methanol exempts industrial ethanol from lig-
uor excise taxation. Methanol is often referred to
as ‘wood alcohol’ because it was once produced
chiefly as a by-product of the destructive distilla-
tion of wood.
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B Locard’s exchange
principle

Much of the work of forensic practitioners is based
on the principle described by Edmond Locard
(1877-1966) who was director of the crime labo-
ratory in Lyon, France. This principle (also known
as Locard’s theory) — in simple form ‘every contact
leaves a trace’ — provides a basis for the recovery
and interpretation of evidence. When applied to
a criminal setting it states that if a perpetrator
of a crime comes into contact with a scene (or
someone within that scene), then something will
be brought into the scene, and something will be
taken away. It is for the forensic practitioner to
identify what those types of contact were by iden-
tifying the contact and putting it into an eviden-
tially sound format.

The principle can be applied in all settings, for
example by linking a suspect’s DNA to seminal

Principles
of forensic
sclence

fluid obtained from a complainant’s vagina, by
identifying paint from a car that has hit an object
or by identifying hair from a balaclava used in an
armed robbery.

B Scene examination

The principles of establishing, managing and
investigating a crime scene should be similar
worldwide. The aim is to secure, identify and
preserve evidence that may have value in a sub-
sequent court setting. In Ireland, all scenes of
crime are controlled, managed and staffed by the
Gardai. The Garda Technical Bureau have Gardai
who are experts in photography, ballistics, finger-
prints and mapping. They are responsible for the
recovery and analysis of evidence and they inves-
tigate every major crime scene in the State.

A crime scene is created when Gardai cordon
off an area of interest in relation to an actual or a
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Figure 23.1 Crime scene cordon. Deceased found by motorway,
in vegetation. Tape represents police line beyond which entry,
exit and activity is controlled and maintained in detail.

suspected offence (Figure 23.1). A zone is cor-
doned off and the details of all people accessing
or leaving the scene are recorded. As such, this
provides information as to who has had access to
evidence that could have a bearing on the outcome
of a case (Figure 23.1). Controlling and protecting
a scene can result in a significant commitment of
staff from the Gardai when areas are extensive and
the management of personnel is crucial to ensure
expeditious and cost-effective progress.

In Ireland it must be remembered that all Scene
of Crime Officers (SOCOs) are serving members
of the Gardai and there are no civilian ‘Crime
Scene Investigators’. If it is deemed necessary,
other specialists such as the State Pathologist may
also be in attendance.

Within a crime scene certain precautions need
to be taken to ensure that contamination is not
introduced from the investigators. Tyvek® suits,
gloves, overshoes and masks are worn to ensure
that the minimum, if any, cross-contamination will
occur. If at all possible, any surface at the scene is
not touched as all surfaces can harbour evidence.
For example, light switches or door handles may
be of interest for DNA or fingerprints. Wall or
doorjambs may be useful for fingerprints so they
are not leant on. Gardai, pathologists and very
rarely, the coroner, who are in attendance may
have to move across the floor on stepping plates,
as there may be footwear (or other) evidence that
still needs to be recovered.

Generally speaking, if there are human remains
at crime scenes, examinations are focused on the
immediate area around the remains so that they
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can be removed for a post-mortem examination.
The reason for this is simple: remains are prone
to rapid changes, especially during the first few
weeks of decomposition, making evidence recov-
ery more challenging.

Once evidence gathering by the Garda
Technical Bureau is complete, other searches can
take place. For example, teams of Gardai may
carry out ‘fingertip’ searches. Following this exam-
ination, the scene is then usually closed down. In
the case of premises, they may remain in Garda
possession but be made secure and alarmed, or in
the case of external areas, the cordon is removed
and normal life resumes.

B Evidence recovery

At a scene, however large or small, once items of
forensic interest are found, they are recorded appro-
priately and assigned an exhibit number.The item is
usually photographed before being removed care-
fully, so as not to disturb the relevant evidence, and
packaged. There are a number of different types
of packaging that can be used for different items.
Paper sacks are used for clothing because, if the
item is slightly damp, this allows moisture to pass
through. Plastic bags can be used for items such as
cigarette ends. Plastic tubes that screw together are
used for sharp items such as knives or screwdrivers;
these are known as weapons tubes (Figure 23.2).
Cardboard boxes can also be used for such items
with plastic ties to secure the item in place.

B Chain of custody

Once an exhibit has been created, each time it is
transferred from one place to another, the details
need to be recorded. This is the ‘chain of custody’.
This is achieved by using continuity forms which
demonstrate that the exhibit has been passed
from one person to another. When an exhibit is
placed in a secure store, this fact is logged along
with the location of the exhibit so it can easily be
relocated when required.

Once examinations of an exhibit have been
concluded, it is retained for a period of time
before it is destroyed or, on occasion, returned.
Often, items are not destroyed as personnel may
realize that advances in technology could reveal
evidence that is not at that time apparent.




Palice Farce:

Exhibit Ref Mo,

Figure 23.2 Sealed and labelled weapon tube containing a
bloodstained knife.

B Sample analysis

DNA analysis
What is DNA profiling?

Within most cells in the body there is a nucleus
containing 23 pairs of chromosomes. Half of these
are inherited maternally and half paternally. The
same, or different forms of each complementary
area on each paired chromosome (with the excep-
tion of the sex chromosomes) may be inherited.
DNA is also present in mitochondria within cells;
this is inherited through the maternal lineage.

At the time of writing, the most common type of
DNA profiling utilizes the fact that there are appar-
ent (comparatively) short regions on chromosomes

that repeat themselves a number of times. These
are called short tandem repeats (STRs). These are
believed to be non-coding and are conserved from
generation to generation. The amount of repeats
varies between individuals but the range of varia-
tion is relatively low and, by themselves, each STR
(so-called allele) occurs quite commonly (gener-
ally between 5 percent and 20 percent of the popu-
lation). A person can have the same (homozygous)
or different STRs (heterozygous) at each region
(locus) that is analysed. The power of DNA analy-
sis is realized when one considers that (in the UK)
10 different loci are analysed, giving a total of 20
alleles in each process.

How is a DNA profile obtained?

A sample that is taken for analysis undergoes
a number of steps before a DNA profile can be
obtained. The first step is to dissolve the sample
in appropriate chemicals to ensure the maxi-
mum amount of DNA can be recovered from the
source material. This is decided by the analyst but
the more information that can be given about the
provenance of a sample, the better. For example,
a ground tooth would receive very different treat-
ment from that of a cigarette end.

Following this ‘extraction’ stage, the amount of
DNA within the sample is estimated. This is usu-
ally minute and measured in terms of nanograms
(10°° g). This stage is carried out so that the cor-
rect amount of the extracted sample is removed
for the next stage (amplification) as the reactions
are very senmnsitive and need to have optimum
chemical concentrations.

Amplification is carried out using the polymer-
ase chain reaction (PCR), which uses an enzyme-
catalysed reaction over a number of principles of
forensic science cycle, if it were 100 percent effi-
cient would double the amount of DNA present
within each sample. Typically, there are 28 cycles
in a standard analysis using the Second Generation
Multiplex Plus (SGM+; Applied Biosystems, Foster
City, CA, USA) system. This analyses 10 loci, each
on different chromosomes in addition to a sex text.
The alleles that are amplified are tagged with a
fluorescent dye.

The loci that are amplified vary in the number
of repeats that are commonly encountered and so
a range in size and thus molecular weight exists.
This is exploited by the equipment used to process
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the amplified sample so a profile can be obtained.
The sample is subjected to capillary electropho-
resis over a high potential difference. This means
that the low molecular weight alleles pass through
the capillaries more rapidly than those of a higher
weight. This enables an efficient compilation of
the profile. As each of the alleles has been tagged
with the fluorescent dye, they are detected as they

6|O 9|0 1%0 1?0 12}0 2}0 21|1-0

pass through the analytical process. A size stand-
ard is also run through each sample set to ensure
the sizing of each allele is correct.

As each allele passes through the reader it
registers as a peak in intensity of the fluorescent
dye. This is translated onto an electropherogram
(EPG) which represents a DNA profile as a series
of peaks along a graphical line (Figure 23.3).
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Figure 23.3 Figure showing a DNA profile graphically represented as an electropherogram (EPG).
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If a profile has been obtained from a sample
such as a bloodstain, it can then be compared with
areference sample from an individual who may be
connected to the case. These are most commonly
mouth (buccal) swabs but can also be blood sam-
ples or tissue samples from a body.

If DNA profiles do not match then they could not
have come from the same person. If there are only
one or two areas that do not match then, as DNA
is inherited and is more similar between family
members than unrelated people, one may sus-
pect that the sample under consideration origi-
nated from a closely related individual and may
prompt more investigation. If profiles match, then
they could be from the same person and the prob-
ability is extremely low that there is someone else
who has the same profile with the exception of
identical twins.

When there is a partial (or incomplete) pro-
file, this can be used to compare with reference
samples and a statistic can be provided as to the
likelihood of a match with a reference sample.
The more incomplete a sample, the more people
may be expected to match by chance. Conversely,
the more information there is across a profile, the
lower will be the probability of a random match.
The way in which the statistics are calculated
assume a high degree of independence between
loci as they are on different chromosomes. Put sim-
ply, one multiplies the rarity value of each allele
across a profile for the number of alleles that are
present. Even if the allele occurs in 50 percent
of the population, one can see how, even with 10
alleles present out of a possible 20, the chance of
a random match is low.

DNA Statistics and
Bayes Theorem

Discussion of DNA profiling inevitably involves
terms such as ‘likelihood of a match’, or ‘prob-
ability’. These are used in the expression of the
strength of the evidence and the methodology
used relies on the use of Bayesian statistics, so-
called from the theories developed by Thomas
Bayes, an 18th Century clergyman. These dif-
fer from other types of statistical analyses that
are more commonly encountered in scientific
analyses as they use a measure of subjectivity to
assist in determining the probability of an out-
come. For example, when tossing a coin it would

be generally accepted that there is a 50 percent
chance (or the probability is 0.5) that the out-
come would be heads. If, however, the coin has
a small weight attached to one side, this would
affect the outcome and may lend bias to one
side. Such considerations bring into play addi-
tional information that can be used to condition
the calculated probability of a given hypothesis.
In summary, there is an uncertain event, to which
one wishes to assign a probability as to the out-
come. With additional information, Bayesian sta-
tistics assist in providing a model to determine
that probability.

Inrelation to DNA evidence, if we consider a sin-
gle DNA profile from a crime scene that matches
a given individual, one can assess the probability
of two hypotheses:

A. The DNA originated from that person
B. The DNA originated from another, random,
person

The probability of the outcome being true in
regards to hypothesis (A) is one.

Looking at the alternative hypothesis (B), one
has to consider a number of factors such as the
rarity of each allele, any potential knowledge of
the ethnicity of the subject, and any other factors.
This probability can be extremely small for a full
profile but the probability increases with regards
to incomplete profile and analysis is complicated
when it comes to the interpretation of mixed DNA
results.

It is very important when considering DNA
evidence (and indeed other forensic evidence),
that it is expressed as the probability of the sci-
entific evidence given the hypotheses under
consideration, and not the probability of the
hypothesis given the evidence. This is termed
transposing the conditional and can lead to a
complete misrepresentation of the scientific evi-
dence in court.

Mixed DNA Results

A DNA profile can often be a mixture of DNA from
more than one person. This is very common, espe-
cially in cases of sexual assault and can lead to sig-
nificant complications in interpretation. If a case
involves people who are closely related this can
also complicate analysis as they are more likely to
share alleles than unrelated people. SGM+ DNA
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profiling is a very sensitive technique. Typically,
it is possible to get a complete DNA profile from
fewer than 300 cells. This ability to get a DNA
profile from small amounts of biological material
emphasises the need to reduce contamination
risks as far as possible.

Other forms of DNA analysis

Low template forms of DNA analysis exist with
the purpose of obtaining profiles from very small
quantities of DNA. These can be divided into two
different methodologies. One method is to take
a different form of analysis whereby specialist
techniques are used to improve the existing tech-
nology within the 28-cycle system. The second is
to increase the number of cycles. One such tech-
nique using 34 cycles is low copy number (LCN)
DNA. Challenges exist in the interpretation of LCN
profiles as very small amounts of DNA are ampli-
fied. It is thus reported by consensus (more than
one result compared) with great care taken over
the interpretation. This does not prevent it being
an excellent tool to detect DNA left in very small
amounts (for example by touch).

The Y-STR DNA technique uses the same STR-
based technology as SGM+ but looks at a num-
ber of STRs on the Y-chromosome (i.e. only from
males). This can be extremely useful in cases of
sexual assault when amounts of male DNA are
very low compared with female within a sam-
ple and it is difficult to separate the two. Results
would be expected to be the same with related
males.

Mitochondrial DNA analysis can be used where
nuclear cellular material is low, for example from
hair shafts or in cases where decomposition has
meant that much of the DNA that would have been
used for SGM+ has degraded. Such analyses look
at two main sites on the genome. As mitochondrial
DNA is inherited from the mother, female rela-
tives and children from the same mother would
be expected to have the same mitochondrial DNA
profile.

Single nucleotide polymorphisms (SNPs) are
areas where single base-pair variation occurs.
As it looks at such small areas, this can be used in
cases where DNA is severely degraded (for exam-
ple by heat).This type of DNA analysis was used to
identify individuals from the World Trade Centre
in 2001.
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Body fluid analysis

Forensic scientists will often be requested to con-
duct searches for a number of body fluids, includ-
ing blood, semen, saliva, urine, faeces and others
in attempts to identify individuals (and in some
instances species) who may have left the stains
(using DNA analysis) as well as interpreting them
in the context of their location.

Blood

Blood is identified by its colour and the chemi-
cal reaction it gives when a presumptive test is
applied. In the absence of one of these factors,
one cannot confirm the presence of blood. Blood
does not always appear red/brown in colour and
can vary to yellow or even clear depending on the
type of stain which has been left. This can make
it very challenging to locate stains on a darker
surface.

Stains that are to be tested are scraped with
the edge of a piece of sterile filter paper that
has been folded. The presumptive tests used are
Leucomalachite Green (LMG) or Kastle-Meyer
(K-M). Both involve the addition of the reduced
form (colourless) of each reagent to the filter
paper followed a few seconds later by hydro-
gen peroxide. If a colour change occurs after
the addition of both chemicals, and the colour of
the original stain was typical (to green for LMG,
pink for K-M) of a bloodstain, then the presence
of blood is confirmed. The colour change occurs
as blood has a peroxidise-like activity from hae-
moglobin, which catalyses the oxidation of each
chemical.

False positive reactions can be obtained
from vegetation and certain oxidizing chemi-
cals, hence the importance of waiting between
adding the K-M or LMG before the hydrogen
peroxide.

Blood stains as small as 1 mm in diameter can
provide a DNA profile. However, if possible it is
best to take a larger sample as the percentage of
white blood cells within the sample is not known,
as levels may vary between different individuals.

When bloodstains cannot be seen, different
methods of detection need to be used. For exam-
ple wiping filter paper in a systematic manner
over areas and sequentially testing these can help
localize staining on dark surfaces.



Semen

Human semen is made up of both a liquid and a
cellular fraction in unvasectomized post-pubescent
males. Semen is detected by forensic scientists
using the acid phosphatase (AP) test, as acid phos-
phatase occursin highlevelsin human semen.When
testing clothing or other larger items this involves
a press-test of filter paper onto a dampened item
suspected to bear semen staining. The filter paper
is then removed and sprayed with the AP reagent. If
a purple colour develops, the presence of semen is
indicated (Figure 23.4). This is confirmed by locat-
ing the stained area on the garment and extracting
some of the stain before making up a microscope
slide containing some of the extract. If spermatozoa
are seen, the presence of semen is confirmed.

If swabs are to be tested they can also be pressed
onto a piece of filter paper before AP is applied or,
alternatively, the swab can be extracted, the cellu-
lar fraction spun down and a fraction of the liquid
supernatant tested instead to conserve cellular
material. In a similar manner, a microscope slide
is made to search for spermatozoa.

It is important to note how much semen is found
on different swabs from different areas of the
body as this can have a bearing as to how recently
semen was deposited.

It should be noted that in houses where adult
male clothing is washed with the rest of the laun-
dry, sperm cells found normally on their under-
wear may be expected to be transferred to other
items within the wash. Washing items will not
remove all sperm cells from an area of staining

Figure 23.4 A positive reaction result for acid phosphatase
(AP), indicating that semen could be present, after application
of the AP reagent (photographed at 2 minutes after application).

but will remove the chemical that will react with
AP reagent. Therefore, if looking for older stains,
it can be worthwhile examining exploratory areas
to look for sperm cells despite a negative AP reac-
tion. In such instances it is best practice to analyse
also a control area to demonstrate the absence of
such concentrations elsewhere.

Bacterial infections can give false reactions
with AP reagent (a pinkish colour). False positive
can also occur from vaginal AP; however, generally
only AP from semen produces the quick change to
a strong purple colour.

If a male has been vasectomized successfully,
no sperm cells should be present within an ejacu-
late. In these cases, a second chemical test can be
used to confirm the presence of semen. This is for
prostate specific antigen (PSA) and uses an anti-
body-based technique to demonstrate the pres-
ence of PSA. The Florence Iodine test can also be
used, where a small amount of the reagant is intro-
duced to a slide carrying some of the extracted
stain. If characteristic brown crystals form then
the presence of semen is confirmed. However, this
method is not very sensitive and caution should
be taken in the interpretation of the results.

Saliva

As saliva stains are usually translucent, a test used
to locate and identify such stains is very important.
The locator test detects the presence of amylase,
an enzyme found in high levels in human saliva.
The most commonly used method for amylase
is the Phadebas test (Magle Life Sciences, Lund,
Sweden) which can be used in two ways. It can be
used in a press-test whereby Phadebas paper is
placed against the item under test and wetted. If
a uniform blue colour develops, the presence of
amylase is confirmed. Depending on the location
and strength of the reaction, an opinion can be
given as to the presence of saliva. The areas giving
positive chemical reactions can then be isolated
and submitted for DNA analysis. In cases where
allegations of kissing/licking/biting/sucking dif-
ferent parts of the body have been made, this can
be a very useful test to employ.

The Phadebas test can also be used as a tube
test whereby stains/swabs are extracted and
measured quantities of liquid supernatant can be
added to a solution of the test reagent. This method
can be extremely useful in cases where staining is
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suspected to be very light as it is highly sensitive
and easier to interpret than the press-test method.

Care needs to be taken in the interpretation of
Phadebas results as other human body fluids such
as vaginal secretions, sweat and faeces can also
contain amylase, albeit usually at lower levels. It
should also be borne in mind that not all people
secrete salivary amylase; therefore, its absence
does not mean that saliva was not present.

‘Touch’ DNA

DNA profiling is often used to identify potential
individuals who have handled an item, depositing
skin cells, such as on a door handle, for example.
It can also be used to assist in the identification of
wearers of garments such as gloves or hats and
shoes. In some instances, skin cells may be vis-
ible microscopically, and sampling appropriately
directed. In other instances, a whole area may
need to be speculatively swabbed.

Urine and faeces

On occasion, the presence of urine or faeces needs
to be confirmed, for example from cases of alleged
anal rape or deliberate soiling of items. There is the
simple method of dampening and warming items
with regard to each body fluid, with the character-
istic odour developing, or one can use chemical
tests, which are available for both urine and faeces.

In the case of urine, tests such as the dimeth-
ylaminocinnamaldehyde (DMAC) test can be
employed to detect the presence of urea, a chemi-
cal constituent of urine. Other tests can also be
employed, for example for the chemical creatinine,
another constituent of urine. Both of these tests rely
on colour changes to provide positive results.

Stains suspected to be faecal in nature can be
tested using Edelman’s test, which detects the
presence of urobilinogen, a chemical constituent
of faeces.

National DNA Database

Currently in Ireland, there is no National DNA
Database, ..., but a Bill was published in
September 2013 entitled the Criminal Justice
(Forensic Evidence and DNA Database System)
Bill, 2018. It is hoped that the Bill will be enacted
by mid 2014 and that the National DNA Database
will be operational shortly thereafter. There has
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been considerable concern about such a data-
base among many, including those with an inter-
est in civil liberties, about the appropriateness
of retention and the delay or absence of destruc-
tion of profiles. This can be with regards to those
who never go to trial for the allegation for which
they were arrested, those who are acquitted and
the vulnerable, such as children. In 2003, the
Attorney General requested that The Law Reform
Commission of Ireland (LRCI) consider the issue
of a National DNA Database and, by March 2004,
the LCRI had published a Consultation Paper. The
LRCI examined the detailed Constitutional and
human rights issues that may arise with the exist-
ence of such a database and they also looked at the
specific question of what classes of DNA profiles
would make up any database. They made numer-
ous recommendations such as the following:

B The DNA database would be used primarily
for the investigation of crimes, but a separate
index on the database could also be used to
help identify missing persons.

B The database would consist of the DNA pro-
files of any person convicted of a serious crime
(such as murder, rape, offences against the
State, drugs offences, burglary, theft, crimi-
nal damage or assault causing harm — but not
offences carrying less than five years impris-
onment on conviction) and of those suspected
of a serious crime.

B DNA profiles of persons convicted of a serious
crime could be retained indefinitely on the
DNA database.

B DNA profiles of persons suspected of com-
mitting serious crimes could only be retained
temporarily on the database. These DNA pro-
files would be removed from the database and
destroyed if no prosecution is brought or if the
person is later acquitted.

B DNA profiles may also be taken from volunteers,
that is people who are not suspects or been
convicted of serious offences, but can only be
retained on the DNA database if they consent.

Considering those recommendations, ..., the new
Bill has issued and it has attempted to address
many of the concerns listed above. It remains
to be seen what form the new Criminal Justice
(Forensic Evidence and DNA Database System) Bill
will have before it finally passes into legislation.
It should also be noted that the Bill allows for the



use of “reasonable force” should a person in cus-
tody refuse or fail to provide a sample of their DNA.
Where an intimate sample is required it is pro-
posed that only a registered medical practitioner,
registered nurse or a registered dental practitioner
may take the sample.

Section 18: Persons authorised to take
intimate samples
(1) A sample of blood or pubic hair
or a swab from a genital region or a
body orifice 10 other than the mouth
may be taken under this Part only by
a registered medical practitioner or
a registered nurse.
(2) A dental impression may be
taken under this Part only by a regis-
tered dentist or a registered medical
practitioner.
(8) An intimate sample other than a
sample of blood or a dental impres-
sion shall, in so far 15 as practicable,
be taken by a person who is of the
same sex as the person from whom the
sample is being taken under this Part.

B Blood pattern analysis

If an individual sustains an injury that bleeds, that
blood can be transferred to clothing, footwear and
surrounding objects and surfaces. Bloodstain pat-
tern analysis (BPA) can be used to assist the inves-
tigator in a variety of ways. It may be possible to
determine a sequence of events, the movement
of people in the course of an assault, a minimum
number of blows and to comment on a possible
weapon used to inflict injury. It is also possible to
determine the location of an attack site(s) using
simple mathematics to determine the point of ori-
gin of bloodstains.

The nature and distribution of the staining can
vary greatly, depending on several factors among
which are:

B the type of blood vessel damaged,;

B the location of the damage (exposed or under
clothing);

B the mobility and actions of the injured individ-
ual after receiving the injury.

Bloodstain patterns are divided into a number of
categories from those that result in blood falling

with gravity, to contact stains and those distributions
that result from forces being applied to the source of
the blood (for example impact spatter or cast-off).

Downward drips

Downwards drips are formed when blood falls from
a surface (such as the end of a finger) under the
force of gravity. If they land on a flat surface, they
will make a characteristic circular stain, although
if the surface is not smooth (e.g. pavement) the
stain can be quite distorted (Figure 23.5).

If blood is dropped onto an absorbent surface
such as carpet, the stain can be much smaller
while still being of the same volume. If a number
of drops fall onto the same location, a distribution
that could be confused with a more active event is
created as the blood makes contact with other wet
staining already present. The force of the blood
drops falling into wet blood that has already fallen
results in a number of smaller, satellite drops
being projected away from the area of impact.
Such satellite droplets can be projected for quite
some distance from the centre of the distribution;
this is dependent on the height from which the
blood is falling, the texture and absorbance of the
surface and the amount of blood already present.

Contact blood staining

Contact bloodstains are formed when a blood-
stained item comes into contact with another, non-
stained item (Figure 23.6).Ifa surface ismoving when
it comes into contact with another surface, and one
is bloodstained, a blood smear will result. Contact
smears are divided into wipes and swipes. If a sur-
face is contacted, for example, by a bloodstained
hand, the resulting stain is a swipe. Conversely, if a
clean hand moves through blood staining on a sur-
face, the resulting stain is termed a wipe.

Other types of contact staining commonly
encountered are footwear marks and fingerprints
left in blood. It can be a matter of great conten-
tion as to whether or not a fingerprint was left by a
bloodstained finger or whether an impression was
made by a finger into an existing wet bloodstain.
Scientifically, it can be very difficult to distinguish
between the two alternatives.

In cases involving marks, there may be areas
of the mark that are so faint that they cannot be
resolved by the eye, or indeed the camera lens.
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Figure 23.5 Blood dripped onto (a) painted metal, (b) wood
and (c) concrete.
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Figure 23.6 A contact bloodstain created by a bloodstained
hand touching a wall.

Such marks require enhancement and there are a
variety of chemicals available that will effectively
enhance marks in blood.

Impact spatter

When someone is struck in an area that bears wet
blood staining, the stains can be broken up and
projected away from the area of impact. The stain-
ing that results is termed impact spatter and is
characterized by a number of different sized blood
stains on surrounding surfaces. The greater the
force that is applied the smaller the stains tend to
appear. If stains are projected in a perpendicular
direction onto a surface they will appear circular.
If there is an angle less than 90°, the stains become
elliptical in shape and may have a characteristic
tail, having the appearance of an exclamation
mark (Figure 23.7). By careful measurement and
the application of some simple mathematics, it is
possible to determine the angle of incidence with
the surface and thus the trajectory that the drop of
blood would have made. By measuring a number
of different stains it can be possible to locate an
area where the impact occurred.

The force made by the discharge of a firearm
can create bloodstains so small they are termed
misting. Such staining will travel forwards as well
as backwards towards the weapon if it is in close
enough proximity to the wound.

Coughing or sneezing may create patterns
similar to impact spatter if an individual has



Figure 23.7 A typical impact spatter pattern. The source of

wet blood was located at the centre of the bottom edge of the
picture.

Figure 23.8 Cast-off blood patterns created when a baseball
bat wet with blood was swung through the air.

blood within their airways. It may be possible to
see some alteration of the staining because of the
mucus content of such stains but care needs to be
taken in interpretation.

Cast-off

Cast-off is formed when an item bearing blood
staining is moved through the air with sufficient
force to drive blood from its surface. For exam-
ple, if an individual is repeatedly beaten with a
baseball bat, blood may gather on the face of the
bat each time it is raised and lowered, and this
blood may be driven off by centrifugal forces.
Such staining is often in a line, hence the com-
mon term ‘in-line’ cast-off (Figure 23.8). Owing
to the movement of the end of such a weapon,
the staining can form a figure of eight pattern.
Items such as knives and fists can also produce
cast-off.

Figure 23.9 Projected blood pattern: arterial spurt/gush.

Arterial spurting

When an artery is damaged (e.g. by a knife or
blunt impact), blood is projected under high pres-
sure, which does not happen with venous bleeding
(the venous system being a low-pressure system).
If the injury is exposed, blood can be projected
over some distance, landing on adjacent surfaces.
As a result of the quantity of blood being expelled
from the body, such staining can be very heavy
and will form a very characteristic pattern of large
stains and runs. There may also be a wave-like
pattern to the stains because the pressure with
which the blood is forced from the body reflects
the pumping action of the heart (Figure 23.9).

Physically altered blood stains

Bloodstains can be physically altered over time
or by the addition of other body fluids. This may
mean that the blood/admixture does not have the
expected appearance, or have the same physical
properties as whole blood. On occasion, injuries
can be inflicted following a gap in time after an
initial assault and blood may have begun to clot.
Subsequent blows can result in unusual stains
being observed. These may be an admixture of
blood and mucus/saliva if injuries are to the facial
area, or other body fluids such as urine may affect
the appearance of blood staining (Figure 23.10).

Someone who has bled into their stomach may
vomit so-called ‘coffee grounds’ - the appearance
caused by the mixing of blood with the acidic
stomach contents.
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Figure 23.10 Blood mixed with another body fluid projected
onto a wall. Note the dilute appearance.

Other body fluids may mimic blood; decompo-
sition fluid is often mistaken for evidence of a vio-
lent assault where none has occurred.

Luminol

If attempts have been made to clean away blood
staining, the scientist can use chemical means
to visualize staining that may have been present
prior to those efforts. The use of luminol, a highly
sensitive chemiluminescent compound can help
the scientist visualize where blood staining had
been present before any such cleaning efforts.
It should be noted that the carrier for this chemi-
cal is primarily water so its use should be one of
the final actions at a scene (Figure 23.11).

B Damage

When items are broken, it can be possible, by vis-
ual and microscopic examination, to tell whether or
not two or more items are fragments of one original
item; for example, the two broken halves of a plate.
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(b)

Figure 23.11 (a) A section of carpet with no blood staining
visible. (b) The same section treated with luminol, revealing
superimposed hand and footwear marks.

This is achieved by comparing both gross features
as well as finer details. The more points of compari-
son that can be made, the stronger the opinion that
can be offered.

By examining the edges and fibre damage to
clothing items that have been torn or cut, it may
be possible to comment on what type of damage
actually occurred as in many cases where allega-
tion of tearing occur, a cut has been used to start a
tear.Itis also possible to comment on how recently
damage may have occurred.

Using controlled tests and reconstructions, it
is also possible to comment on whether or not a
specific item or action caused an area of damage.

B Fingerprints

Fingerprints are formed within the womb at
approximately 12 weeks of gestation and apart
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Figure 23.12 A fired shotgun cartridge: (a) untreated, and
(b) treated with cyanoacrylate (superglue) fumes, revealing
finger marks.

from damage by environmental factors, do not
alter during one’s lifetime. There is some debate as
to the purpose of these ridges with support for the
notion that the presence of fingerprints leads to an
increase in grip and/or enhances the sensitivity
for the perception of texture. The overall nature of
a fingerprint can be described as loops, whorls or

Figure 23.13 A finger mark in blood left on the blade of a knife.
The finger was wet with blood prior to touching the blade.

arches, describing the overall appearance of the
ridges when taken together. On a smaller scale
the ridges themselves form the next level of detail
within the fingerprint; they can terminate or can
divide into two. These characteristics enable par-
ticular patterns to be formed that are termed ridge
ending, bifurcation, short ridge, spur, dot, bridge,
lake or delta. Furthermore, the sweat glands on
the ridges themselves give an additional area for
comparison should this be required.

As there are sweat glands within the ridges, an
impression of these secretions can be left as a fin-
gerprint on a surface (latent marks). Such marks
usually comprise a mixture of water-soluble and
fat-soluble compounds. As the fingerprint is made
up of compounds from the body, their chemical
composition can reveal, for example, that someone
is a smoker or drug user. It is often necessary to
use specialized light or chemical enhancement on
fingerprints so that all available parts of the mark
can be seen. Different wavelengths of light and spe-
cialized chemicals are used to enhance the different
compounds within the fingerprint (Figure 23.12).

Fingerprints may also be left (patent marks) if
there is a contaminant such as ink, blood or paint —
for example on the finger before it makes contact
with a surface. Another way of leaving a finger-
print is to make an impression into a surface, such
as one coated with grease or blood (Figure 23.13).

It is the theory that fingerprints are unique to
each person that enabled them to become one
of the primary methods by which identifications
of suspected offenders were made. Fingerprints
have been used for many years to identify

259

syuradisburg



23 Principles of forensic science

DONIM 14316

3. RIGHT MIDDLE

XIONI L1437 L BWNHL 143719

TGIIN 143718

4. RIGHT RING 5. RIGHT LITTLE

Figure 23.14 Inked fingerprints used as exemplars for comparison.

individuals and, for example, have been known
to confirm identity by the Chinese in the third
century.

Fingerprints were traditionally recorded from
an individual by coating their fingers with black
ink and rolling them onto a card form (Figure
23.14). A record of the palm is now also taken.
This ensures that all available detail is recorded.
While this method is still the main way by which
fingerprints are recorded, scanning machinery is
more commonly being used and as technology
improves, will supersede the ink-based method. In
Ireland, the new PRINTRAK Biometric Information
System went live on 22 October 2007, replacing
the Automated Fingerprint Identification System
(AFIS) in three locations. On-going work in the
area has continued and at the moment the Gardai
are in the process of integrating AFIS with Interpol,
Europol and the Police Service of Northern Ireland.

B Footwear

Footwear marks

When people wearing footwear come into contact
with a surface they often leave an impression. The
extent to which this occurs may depend on many
factors, such as how dirty the sole of the shoe
is or the floor surface itself. The resulting foot-
wear impression can be photographed (Figure
23.18), lifted using a variety of media or it can
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Figure 23.15 Recovered footwear mark showing damage
features.

be recovered whole (marks on paper for exam-
ple) and submitted to a laboratory for a suitable
method of enhancement.

There are many different methods of enhanc-
ing footwear marks, some of which are used in the
enhancement of fingerprints. Often photograph-
ing under controlled lighting conditions or the
addition of specialist light sources can improve
the detail within a mark. When a mark warrants a
more intensive examination (for example in a seri-
ous assault) the enhancement may be carried out
using chemicals. For soil deposits potassium or
ammonium thiocyanate can be used which reacts
with metallic ions in the soil. Marks in blood may be
enhanced using Amido Black solution, which reacts
with the proteins in the blood. There are many other
methods of chemically enhancing marks.

To carry out a comparison of the recovered
foot-wear marks with a suspect shoe, a test



impression of the sole pattern is required. This can
be prepared by brushing the sole with aluminium
or black powder and then placing the shoe, sole
side down, onto adhesive plastic. The plastic is
then placed onto an acetate sheet and labelled to
both identify the shoe but also ensure the correct
orientation of the impression. This can then be laid
over the photograph of the mark recovered from
the crime scene and a comparison carried out.

When shoes are compared various details
are considered. As the footwear is worn, gen-
eral wear characteristics develop in the areas of
the sole that come into contact with the ground.
Damage detail in the form of cuts and nicks may
also be formed in a random fashion on the sole of
the footwear (Figure 23.15). Examination of foot-
wear involves comparing the sole pattern, size
and degree of wear in the mark found at a scene
with a test mark made from an item of footwear. If
damage detail is present in the scene mark, and
it corresponds to damage in the test mark, it is
sometimes possible to state conclusively that a
mark left at the scene was made by a particular
shoe and by no other.

When determining the size of a sole pattern it
is not usually possible to establish the exact size
because of the many variations in sole patterns
of a particular model throughout the population.
It is preferable to estimate the size of a shoe from
its sole pattern by giving a range of sizes that the
shoe could be. This allows for variation in sole pat-
tern between different moulds and manufacturers.

Footwear marks and skin

When contact is made with a person with a degree
of force, by kicking or stamping, then skin deposits
may be transferred to the inner surface of clothing
while next to the skin. For this transfer to occur there
must be a sufficient degree of force. Such deposits
may require specialist light sources and chemical
treatment to increase the contrast of the mark with
the background and allow photographic recording.

When forceful contact is made directly to the
surface of the skin, it is possible that patterned
bruising may be left on the skin forming a mark
characteristic of the surface that made the contact.
In the instance of shoe marks the surface is often
made up from regularly spaced components that
may leave an impression matching the compo-
nents. Alternatively, the pressure exerted during

such a forceful contact may force blood in the sur-
face of the skin into the gaps between the sole pat-
tern components, leaving what is often referred
to as a negative impression. The comparison
of such marks with test impressions taken from
the soles of shoes may be possible depending
on which part of the body bears the impression.
Forceful contact with skin that is close to a bone
often carries a greater degree of detail. However
as the surfaces are not flat they can often present
a distorted impression that is difficult to compare.
Photographic overlay techniques can be used to
determine comparisons.

B Trace evidence

This type of evidence can include anything that
has been transferred by means such as contact
with a surface or a person and this is the practi-
cal application of Locard’s Exchange Principle.
Often the material is very small and requires
microscopic examination. Organic material such
as pollen can be considered as trace evidence but
more often it involves man-made materials such
as glass, paint and fibres.

Glass

Glass is manufactured for use in construction by
floating it on the surface of molten tin. This produces
a glass that is very flat and can be mass produced.
A mixture of silicon and various other minerals is
added to a furnace and then poured onto the molten
tin. Glass can also be moulded into containers or
pressed into sheets with patterns. When glass is
broken, small fragments are showered into the sur-
rounding area. If a person were near to the break-
ing glass it would be expected that some of these
fragments would transfer to the individual. These
fragments will remain on the individual’s cloth-
ing until such time that they fall off. The length of
time that these glass fragments remain on clothing
would depend on many factors, such as the type of
clothing and the activity of the individual.

Class fragments recovered in the laboratory
or from assault victims and suspects can be com-
pared with another source of glass by various
means, including the measurement of their refrac-
tive index and their chemical composition.
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Paint

There are many different types of paint for many
different uses. If damage is caused to a painted
surface then small flakes can be transferred. In the
case of road traffic collisions there may be a two-
way transfer of material. Once recovered, paint
evidence is examined microscopically to identify
it and whether it is made up from different layers of
paint. Each type of paint may be discriminated by
its colour, texture and composition. Various light
sources may be used to distinguish different types
of paint or the components can be identified using
chemical tests and analytical techniques such as
chromatography and spectrophotometry.

In cases where there are multiple layers of paint
in a sample, it may be possible to state that the
evidential sample, came from a suspect car; how-
ever, often it is used as corroborative evidence in
a case. In the case of graffiti cases it is possible
to recover microscopic particles of aerosolized
paints in colours that match the colours used in a
specific incident of vandalism.

Fibres

Clothing and soft furnishings are made in a wide
array of fabrics that come from all manner of
sources. Natural fibres, such as wool, cotton and
linen have been used for centuries and they are
often combined with man-made fibres to improve
their versatility. Within the types of fibre used
there may be many different dyes and other mate-
rials incorporated into them which give different
properties to the finished garment. All of these
characteristics enable the forensic fibre examiner
to identify sources of fibres and compare them
with fibres that have been transferred to other gar-
ments or furnishings. Identification of the fibres
involves microscopic and analytical techniques
and it is possible to use the results in tandem with
the number and location of the recovered fibres
to give an interpretation of the circumstances that
caused the transfer to occur. For example, it may
be possible to state in which seat of a car a suspect
was sitting where their version of events does not
fit the incident. It is sometimes possible to find an
original source of a fibre that is prevalent in a case
by going to manufacturers and obtaining details
of the amount and geographic distribution of a
particular product.
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B Fire investigation

Fires are investigated by a wide range of profes-
sionals for a diverse range of objectives. An inves-
tigator appointed by an insurance company may
wish to determine the cause to establish liability.
The fire investigator will be concerned with deter-
mining the ‘defect, act or omission’ that led to the
fire to improve fire prevention. The forensic scien-
tist may be attempting to determine whether or
not a criminal act has taken place and, if so, what
evidence can be recovered from the scene to link
to an offender or assist in the police inquiry. The
forensic pathologist may be attempting to deter-
mine whether a body found within the fire scene
had been assaulted or had died prior to the fire.
On many occasions it may be appropriate for
these parties to carry out a joint examination.

Regardless of these objectives, all the inves-
tigators will be interested in determining two
principal facts: first, the origin (or seat) of the fire
must be determined, and second a consideration
of what may have started it (i.e. the ‘where’ and
‘how’). It is vital to determine the origin and cause
in that order. The more imprecise the area of ori-
gin then the more potential causes may have to be
considered.

All fires require a combination of oxygen, fuel
and heat. Oxygen is normally freely available in air
and fuel is provided by almost any material given
the right conditions. The heat, initially, is provided
by a source of ignition, such as from a lit match,
cigarette or heating appliance. Thereafter, the fire
provides its own source of heat in a chain reaction.

Once ignited, a fire spreads through a number
of mechanisms. These include radiation (or direct
flame impingement), convection (the movement
of hot air currents) and conduction (the transfer
of heat energy through a material). Two types of
fire are recognized: smouldering combustion and
flaming combustion. Typical examples of smoul-
dering combustion include a lit cigarette or a bar-
beque; a garden bonfire would be described as
an example of flaming combustion.

Smouldering is a form of flameless combus-
tion. Certain materials are prone to this when
ignited. These are principally natural materials
that produce a rigid char on combustion, such as
cotton and cellulose-based materials (e.g. wood).
Smouldering combustion can also be produced
when the oxygen levels are reduced during




burning, such as in a sealed room. Smouldering
fires can, however, transform into flaming fires
and vice versa. The rate of smouldering will vary
depending on the nature of the materials involved.
Due to the nature of smouldering fires, they can
produce intense but quite localized burning pat-
terns. This assists in distinguishing the burning
patterns produced by flaming and smouldering
fires.

Smouldering fires spread by direct contact
and hence result in severe yet localized dam-
age. In contrast flaming fires spread by a variety
of mechanisms including direct flame impinge-
ment, radiation and convection. Flames and radi-
ated heat can therefore ignite materials such as
paper several feet away from the original fire. Hot
gases rise from the flaming fire to ceiling height
and then spread throughout a room or rooms. This
layer of hot air and gases can reach temperatures
of several hundred degrees centigrade. The heat
from this layer radiates down from the ceiling and
can ignite items well away from the original fire.
By this mechanism, light shades and the tops of
curtains can be ignited.

An understanding of these fundamental mech-
anisms is essential to correctly identify the origin
of the fire and not be misled by false indications.
For example, a fire in a typical domestic lounge
will spread across the ceiling and may ignite the
tops of the curtains. If these then fall to the floor,
the casual observer might mistakenly infer a sec-
ond seat of fire.

Although a fire may damage or destroy items
of interest this is not inevitably the case. It may
be possible, by careful observation and the use
of excavating and reconstruction techniques,
to determine the cause of a fire despite severe
damage.

Several complementary methods are used to
determine the origin of the fire. As a general rule,
fires will tend to spread upwards and outwards.
A good place to start, therefore, is by finding the
lowest area of severe damage. Heat and flames are
quite directional and will leave patterns of charring
in some places and protected areas in others. All of
these will assist in determining the origin of the fire.

The area of origin can be determined by scorch
or char patterns, comparing the relative damage
of similar items, the distortion or melting of met-
als and other heat and time-related observations.
It may sometimes be necessary to determine

the cause, or probable cause, by a process of
elimination.

Exposed surfaces can become charred dur-
ing a fire or smoke may be deposited. Other sur-
faces may be protected from the effects of heat
and smoke leaving ‘cleaner’, less damaged areas.
These ‘protected’ areas enable the investigator to
reconstruct items and establish their position and
condition at the time of the fire.

Having established, with reasonable accuracy,
the origin of the fire, it is then necessary to con-
sider the potential causes. The presence of elec-
trical or heating items needs to be established
and may require further laboratory examination
and testing for appliance malfunction or misuse.
Consideration would also be given to the possible
involvement of a discarded lit cigarette or a naked
flame, such as from a match, lighter or candle. The
presence of a severe, yet localized pattern of dam-
age may be indicative of a smouldering fire, such
as initiated by a lit cigarette.

There are some typical indications of a delib-
erate fire, such as multiple points of ignition, the
use of a flammable liquid, a modified fuel load
(e.g. the armchairs stacked on top of the sofal)
the presence of an incendiary device or timing
mechanism. A deliberate act may also be inferred
by indirect forensic evidence. The presence of a
broken window at a point of entry, footwear or tool
marks, a drop of blood or snagged fibres could all
indicate a suspicious event.

In many respects a fire scene should be treated
and investigated as a crime scene and the investi-
gator should have a thorough awareness of a wide
range of forensic techniques available for analysis
and interpretation of findings.

B Firearms

A firearm (see also Chapter 10) can be defined
as ‘a lethal barrelled weapon of any description
from which any shot, bullet or missile can be dis-
charged’.There are two main types of firearm: those
with smoothbore barrels, which usually fire groups
of shot, and those with rifled barrels, which usually
fire single bullets. Both of these types of weapon
rely upon the deflagration of a solid propellant to
produce the gases that propel the projectile(s).
Air guns and air rifles form a separate group
of weapons that rely upon compressed gas, such
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as air or carbon dioxide, to propel a projectile;
however, most of these weapons, even low-power
ones directed appropriately have the ability to
cause lethal injury and can therefore be classed
as firearms.

Shotguns

Shotguns, commonly used as sporting and farm-
ing weapons, are long-barrelled, smoothbore fire-
arms that are used to discharge cartridges that
usually contain a number of shot. These guns may
have single or double barrels, commonly 26-30
inches (66-76 cm) in length; the double-barrelled
weapons are arranged either ‘side by side’ or
‘over and under’. The length of the barrel makes
handling and hiding shotguns difficult and so it
is not uncommon for the barrels to be shortened
for criminal activities. When this occurs, the shot-
gun is known as a “sawn-off shotgun” and it ille-
gal to possess one under any circumstances. This
shortening of the barrel has little impact on the
effectiveness of the gun, especially over short to
middle distances, but the typical purpose of such
a weapon is close-range destruction. A sawn-off
shotgun has less recoil thus making it easier to
use with one hand. As most of the barrel has been
removed, the shot pattern is much more spread
out, meaning the close-range target will be hit,
even if the aim is not good. An unmodified shotgun
generally has an effective range of about 33-55
yards (30-50m) and, although it is unlikely to kill
an individual at this range, it may well cause seri-
ous and painful injuries, and there is no doubt that
shotguns can be devastating weapons.

The cartridges for shotguns consist of a metal
base, or head, containing a central primer cap,
supporting a cardboard or plastic tube contain-
ing the propellant charge and the shot, which is
closed by a thin disc or a crimp at the end of the
tube. The shot may be contained within a plastic
wad or there may be discs of felt, cork or card-
board acting as wads above and below the shot.
The plastic wads open into a petal-shape in flight
and may themselves contribute to an injury, espe-
cially at close range (Figure 23.16).

Shotgun cartridges are designated according
to the size of the individual shot contained within
and can vary significantly in number depending
on the shot size (typically 6-850 in number for
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Figure 23.16 Upper thigh injury caused by close range
discharge of shotgun to outer leg — bruising, swelling, tissue
disruption and lacerations caused by discharge.

a 12-bore cartridge). There are also cartridges
that contain a single heavy projectile, commonly
referred to as a ‘slug’. The types of wound pro-
duced by a shotgun will be dependent on the
calibre, shot size and distance at which the shot-
gun was discharged from the target. Shotguns also
have a choke at the end of the barrel, which acts
as a constricting device to delay the spread of the
pellet pattern (another reason why the sawn-off
shotgun is the preferred weapon of choice by cer-
tain criminals). Depending on the type of shotgun,
the choke may be built into the manufacture of the
gun or the gun may come with different screw-in
chokes, all of which will modify the shot spread in
some fashion.

Rifled firearms

This group of firearms usually fire one bullet at a
time through a barrel that has had a number of spi-
ral grooves cut into the bore. The resultant projec-
tions, referred to as ‘lands’, engage with the bullet
and impart gyroscopic spin that produces a more
stable and accurate trajectory. Rifled weapons fall
into two main groups: hand guns and rifles.
Revolvers and pistols are short-barrelled
handguns. Revolvers contain a rotating cylin-
der into which cartridges are manually loaded.
Pistols, or semi-automatic handguns, usually con-
tain a magazine enclosing the cartridges located
within the grip. The firearm is discharged when
the cocked firing pin, or striker impacts on to
the primer cup in the base of the cartridge by



Figure 23.17 Revolvers and pistols. Top: Heckler & Koch
USP (Universal Service Pistol), Germany, 1993. Calibre 9 mm
parabellum. Bottom: Ruger GP-100, USA, 1987. Calibre.357
Magnum.

pulling the trigger. The main difference in the
two types of firearm is the method of operation
(Figure 23.17).

In the revolver, the cylinder rotates to align a
new cartridge with the firing pin and the barrel,
which is achieved by either pulling the trigger
(double action) or by manually cocking the ham-
mer and subsequently pulling the trigger (single
action). The fired cartridge cases remain in the
gun until they are manually unloaded.

In a pistol, the forces generated each time a
cartridge is discharged are used to recycle the
weapon, which involves extracting and eject-
ing the fired cartridge case, resetting the firing
mechanism and loading a new cartridge from the
magazine into the chamber. For semi-automatic
weapons this occurs each time the trigger is
pulled.

Rifles are long-barrelled weapons that are
designed to accurately fire projectiles at targets at
a much greater distance than revolvers or pistols.
Rifles have been designed to use many differ-
ent types of operating mechanism, ranging from
single shot bolt-action rifles to fully automatic
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Figure 23.18 A 9 x 19 mm Luger semi-automatic pistol
cartridge (top), and a NATO 5.56 x 45 mm automatic rifle
cartridge (bottom).

gas-operated assault rifles, some of which are capa-
ble of firing in excess of 700 cartridges per minute.

The cartridges for rifled weapons consist of a
metal cartridge case, usually constructed of brass,
steel or aluminium, a primer cup located in the
base, propellant contained within the cartridge
case and a single bullet fitted into the mouth of
the case. The size and design of the cartridge is
dependent on the weapon in which it is to be used
and the desired ballistic performance of the pro-
jectile. Rifle cartridges usually have a larger case
to bullet ratio, thus a larger propellant load, than
handgun cartridges. This is due to the fact that
rifle cartridges are required to be effective over
a much greater distance (up to 1.2 miles [2 km])
(Figure 23.18).

Bullet size (or calibre) and design are also very
varied and are primarily concerned with ballistic
performance and the ability of the projectile to
transfer its kinetic energy to the target on impact.
The formation of wounds is related to the transfer
of the energy of the bullet to the body tissues, and
many types of ammunition are designed to result
in specific wound patterns.
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B Introduction

Forensic medicine and science are supported
by, and to some extent include other medical,
quasi-medical and scientific disciplines each
of which may have a significant and often prin-
cipal role in forensic casework. Investigators
should be aware of the range of these disci-
plines and ensure that the skills and exper-
tise of all appropriately trained practitioners
and their specialties are used to their optimum
extent. Examples of such specialties, some of
which are referred to in earlier chapters are out-
lined below.

B Forensic ecology

Forensic ecology is the use of environmental evi-
dence types to assist in investigating crime, both
outdoors and indoors. There are many speciali-
ties that may be used and not all are discussed
in this text (such as soil and botanical anal-
yses). The following provides an introduction to
some of the most commonly encountered areas
of forensic ecology: diatomology, palynology
and entomology.

Allied forensic
specialties

Diatomology

Diatoms are algae, microscopic unicellular plants,
which can be found in saltwater, freshwater, soils
and damp surfaces. They are very diverse with
over 100, 000 species known. They have a unique
silica cell wall called a frustule which makes them
very robust and allows them to withstand harsh
conditions (Figure 24.1). As they are classed as
algae, they rely on the sun for their energy and as
such are found in well-lit surface layers of water.
When diatoms die, their skeletons sink to the bot-
tom layers of water.

It is not always possible to determine whether
drowning occurred at a post-mortem examination
when a body has been found in, or near, water. The
presence or absence of diatoms within the body
can assist in such an investigation. When water
has been inhaled into the lungs (and this can be
as much as 250 mlL), any diatoms present may
enter the bloodstream via the lung parenchyma.
The heart continues to pump circulating diatoms
around the body to all organs. The presence of
diatoms within the body suggests that the person
was alive when they entered the water and that
drowning was the cause of death or played a sig-
nificant part in the cause of death.
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Figure 24.1 Diatom showing silicon frustule.

Diatoms cannot pass through the gastrointesti-
nal tract wall and thus diatoms swallowed in food
or in the process of drowning will not enter the
bloodstream, and this again may provide addi-
tional information.

By extracting diatoms from organs that have
been collected under the correct conditions to
protect against contamination, the scientist can
comment on whether or not drowning contributed
to death. Caution must be used in the interpreta-
tion of diatoms and there remain considerable dif-
ferences of opinion related to that interpretation
(see also Chapter 16).

Forensic palynology

Forensic palynology uses analysis of pollen, spores
and other microscopic particles. Pollen grains
are produced by seed-bearing plants, flowering
plants and cone-bearing non-flowering plants,
while spores are produced by ferns, mosses, algae
and fungi. Palynology also comprises the study of
other microscopic entities such as insect and plant
remains, particularly micro-charcoal (microscopic
particles of charred plant material). Collectively
these are referred to as palynomorphs.

Pollen is seasonally and geographically sen-
sitive and may be dispersed by water, wind and
insect activity throughout the year. It settles on
surfaces in much the same way as dust and is
invisible to the naked eye. In the same way that
fibres are trace evidence and can be transferred
from one surface to another through contact, pol-
len may be collected on shoes, clothing and tyres,
for example, when in contact with soils and veg-
etation. In addition, airborne pollen collects in the

268

nasal cavities as one breathes. An experienced
palynologist can identify individual pollen grains
and spores and reconstruct a habitat from a pollen
assemblage of samples collected.

Pollen evidence can be used to:

B link people, vehicles, and objects to a known
scene or deposition site;

B identify habitats or geographical locations rel-
evant to police investigations;

B prove or disprove alibis;

B help determine the fate of an individual prior
to death;

B assist in determining the season and location
in which an individual died;

B help determine possible locations of a miss-
ing person by looking at the clothing of a sus-
pected offender;

B assist in determining the country of origin of
illicit drugs.

Forensic entomology

Forensic entomology is the application of knowl-
edge about insects to assist in legal investigations,
the vast majority of which are suspicious deaths or
murders. The most commonly encountered insects
are blowflies, but other flies and beetles are often
found. Blowflies are especially useful to the inves-
tigator as they are most often the first invaders of
decomposing material. In warmer temperatures,
blowflies can begin laying eggs on a body within a
few hours of death. When temperatures are cooler,
or if the body is concealed, such behaviour may
be delayed or impeded.

In cases where a body is enclosed, for exam-
ple within a container or in a grave, blowfly access
may be prevented due to the physical size of the
flies. Under these circumstances, other, smaller
flies may be the first to commence egg-laying.
Conversely, an infestation involving particular
insects may be present when not expected, indi-
cating a body has been moved since the infesta-
tion first occured.

Forensic entomology can also be used in cases
of neglect, where fly eggs and larvae will develop
in unhygienic settings. For example, if an indi-
vidual is wearing a soiled nappy and this has not
been changed for some time, this will be attractive
to certain species of fly, and egg-laying can occur.
As such, any stage of the life—cycle encountered
provides very strong evidence and immediately



indicates that there has been a period of neglect.
It is highly important that such evidence is not dis-
posed of simply due to its unpleasant nature but
preserved for future examination.

Insect analysis can assist in providing informa-
tion about:

B an estimated post-mortem interval (PMI);

B whether or not a body has been moved from
one location to another;

B whether a body has been moved between a
concealed and exposed environment;

B whether there has been abuse and neglect;

B whether there are public health issues.

B Forensic archaeoloqgy

Forensic archaeology is concerned with the loca-
tion, recovery and interpretation of buried evi-
dence, mostly human remains, and associated
items that may be within the grave, as well as
buried items such as stolen goods, firearms and
drugs. Forensic archaeologists are commonly
involved in searching for the clandestine burials
of missing persons, the interpretation of human
remains accidentally found during building
operations, skeletal fragments discovered on the
surface, or alleged grave sites and ground distur-
bances requiring investigation.

The forensic archaeologist will use their knowl-
edge of land surface characteristics to determine
whether or not there could be a burial site. They
could be looking for differences in vegetation
growth or abundance, factors that are sometimes
only apparent at certain times of year.

Once an area has been identified as a possi-
ble burial site, other techniques can be deployed
to assist the scientist. One common technique is
ground penetrating radar (GPR), which looks for
areas that differ from the surroundings under the
surface. This could be as innocuous as a deposit
of sand within a background of gravel or could be
buried remains. Resistivity is used to test areas of
ground for electrical resistance. If one area dif-
fers from another, further investigation may be
warranted. Before undertaking excavation, the
archaeologist may wish to use a cadaver dog
and vent selected areas using probes to enable
odours to be detected by the dog, if possible. Only
at that point will excavation commence as, in many
cases, very large areas may have to be searched.

In all situations it is important for maximum evi-
dence to be retained, that any ‘finds’ need to be
left in situ. Graves are, in effect, miniature crime
scenes and anything within the boundary has
been left by the offender. Great care needs to be
taken not to disturb the integrity of graves as it
could affect the meaning of evidential finds. There
are clearly cultural, religious, legal and other fac-
tors that may affect how such investigations can
proceed.

B Forensic anthropoloqy

Anthropology is the study of the biological and
cultural aspects of humans. A scientific back-
ground including the understanding of the mor-
phology of the skeleton and the reconstruction of
life histories led to the development of forensic
anthropology, initially identifying human remains
in the medicolegal setting. This has expanded
considerably and now forensic anthropologists
are concerned with all aspects of identity, both in
the living and the dead. A common question to be
addressed is whether or not bones that are found
are human or animal. This can have major impor-
tance in terms of cost and personnel if a crime can
be ruled out at an early stage.

Once bones have been identified as human, the
forensic anthropologist will attempt to establish a
biological profile of the individual, or individuals.
Depending on the completeness of the remains,
this may include sex, age at death, height and pos-
sible ethnicity. This can be applied to the recently
deceased, decomposed remains, skeletal and
burnt remains.

Age determination in the living is a need that
has expanded in recent years. This is because of
an increasing group of individuals who, for a vari-
ety of reasons, do not have a known age. This may
have major implications as to how that individual
is treated in different settings (e.g. asylum appli-
cations, criminal cases, care proceedings). The
system may be abused by the individual or, to
some extent, the authorities may abuse the indi-
vidual, in both cases because there may be a per-
ception that allotting a person a specific age can
benefit who ever is requesting it. Age estimation
is a complex area and the anthropologist is well
placed to be part of a team that may include phy-
sicians, odontologists and radiologists who may
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24 Allied forensic specialties

all contribute to estimating age as accurately as
possible (see Chapter 4, p. 46).

B Forensic odontoloqgy

Forensic odontology is practised by those initially
trained as dentists. Forensic odontologists apply
their dental skills in the forensic setting and are
key players in human identification (of the liv-
ing and deceased), ageing (of the living and the
deceased) and in the identification and interpre-
tation of bite marks (see Chapter 4, p. 104).

Identification by odontological means can be
a testing and complex process, as the determi-
nation of the anatomy and structure of oral com-
ponents may be hampered by substantial tissue
damage, particularly in the case of mass disaster.
Access to teeth (if present) may be hampered by
soft tissues damage, rigor mortis or burn damage.
Odontologists attempt to identify dental patterns
and features and compare these either with known
ante-mortem information about the individual or
relate such information to known published popu-
lation data.

Radiological information is widely used to
allow comparisons to be made when attempting
to identify an unknown body. A dental autopsy fol-
lows the method of dental examination in the living
so that unique features such as dental restorations
can properly be compared with the ante-mortem
data. Even with DNA analysis available, identifi-
cation using odontological techniques remains a
cost-effective and expeditious means of establish-
ing identity and remains the key technique con-
sidered first in mass disaster identification.

The analysis and interpretation of bite marks
remains a contentious and (like many aspects of
forensic medicine) an under-researched field.
The main questions to be answered with regard
to a possible bite mark in the forensic setting are:
is it a biting injury and is it human? If the answer
to these is yes, the odontologist may be able to
identify who has caused the bite. The determi-
nation of who has caused the bite is generally
a comparative one, frequently using a variety
of superimposition techniques. If a suspect is
available, then, with consent, a cast is made of
impressions of their dentition. A 1:1 image of the
impression made (generally using transparent
sheeting) is superimposed with a 1:1 overlay of
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the suspect’s dentition for comparison. The trans-
parent overlay remains the most widely used
technique of bite mark analysis and compari-
son, although more sophisticated techniques are
being developed.

A forensic odontologist should always be
asked to make an assessment where a bite mark is
suspected in criminal matters.

B Forensic photography

Forensic photography is a very specialized area
embracing a range of imaging techniques that
allow best presentation of visually relevant evi-
dence in an appropriate format. Forensic pho-
tographic techniques can include the use of
ultraviolet, infrared and polarized light photogra-
phy,which canbe used to enhance or identify items
or injuries of interest. A key element of forensic
photography is data management of images and
how these are stored and reproduced. Forensic
practitioners need to work closely with forensic
photographers to ensure that the relevance of
images taken is best suited to the requirements
of the evidential and court process. Poor-quality
imaging is now unacceptable and it is appropriate
that those most skilled in producing robust evi-
dence are used to provide it for courts and other
agencies.
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Appendix

Guidelines for

an autopsy and

B Guidelines

1 Where the death is definitely due to crime or
if there is a possibility of crime (a suspicious
death), the doctor should attend the scene
(locus) before the body is moved in order to
gain an understanding of the surroundings,
blood distribution in relation to the body
etc. Notes of attendance, of people present
and of the observations should be made.
Photographs should be taken of the scene in
general, of the body in particular and of any
other significant features; these are usually
taken by the police.

2 The identity of the body should be confirmed
to the doctor by a relative or by a police offi-
cer or other legal officer who either knows the
deceased personally or who has had the body
positively identified to them by a relative or
by some other means (e.g. fingerprints).

3 If the remains are mummified, skeletalized,
decomposed, burnt or otherwise disfigured
to a point at which visual identification is
impossible or uncertain, or if the identity is
unknown, other methods of establishing the
identity of the remains must be used, but the
autopsy cannot be delayed while this is done.

4 In a suspicious death, if there can be no direct
identification of the body, a police officer must
confirm directly to the doctor that the body or
the remains presented for autopsy are those
that are the focus of the police inquiry.

exhumation

5 In a suspicious death, the body should be
examined with the clothing in place so that
defects caused by trauma that may have dam-
aged the body (stab wounds, gunshot inju-
ries, etc.) can be identified. When removed,
the clothing must be retained in new, clean
bags that are sealed and carefully labelled
for later forensic science examination.

6 In suspicious deaths or if there are any
unusual features, the body should be photo-
graphed clothed and then unclothed and then
any injuries or other abnormalities should be
photographed in closer detail.

1 X-rays are advisable in victims of gunshot
wounds and explosions and where there is a
possibility of retained metal fragments, and
are mandatory in all suspicious deaths of
children.

8 The surface of the body should be examined
for the presence of trace evidence: fibres,
hair, blood, saliva, semen, etc. This examina-
tion may be performed by police officers or by
forensic scientists, often with the assistance
of the pathologist. Where samples are to be
removed from the body itself as opposed to
the surface of the body - fingernail clippings,
head and pubic hair, anal and genital swabs —
these should be taken by the pathologist.

9 Forensic scientists may also wish to examine
the body using specialist techniques, and the
pathologist must be aware of their needs and
allow them access at appropriate times.
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I Guidelines for an autopsy and exhumation

10 Careful documentation of the external fea-
tures of injuries or abnormalities, their posi-
tion, size, shape and type, is often the most
important aspect of a forensic examination
and often has much greater value in under-
standing and in reconstructing the circum-
stances of injury than the internal dissection
of any wound tracks or of damaged internal
organs. Patience is required to perform this
examination with care and this part of an
examination should not be rushed.

11 The internal examination must fulfil two
requirements: to identify and document inju-
ries and to identify and document natural dis-
ease. The former may involve the examination
of wound tracks caused by knives, bullets or
other penetrating objects. It may also involve
determining the extent and depth of bruising
on the body by reflecting the skin from all of
the body surfaces and identifying and describ-
ing areas of trauma to the internal organs.

12 A complete internal examination of all three
body cavities, with dissection of all of the
body organs, must be performed to identify
any underlying natural disease.

13 Samples of blood (for blood grouping, DNA
analysis, toxicology) and urine (for toxicol-
ogy) will be routinely requested by the police.
Blood should be collected from a large limb
vein, preferably the femoral vein, and urine
should be collected, preferably using a clean
syringe, through the fundus of the bladder.
All samples should be collected into clean
containers, which are sealed and labelled in
the presence of the pathologist. Care must be
taken to ensure that the correct preservative
is added; if in doubt, ask a forensic scientist
for advice.

14 When poisoning is suspected, other samples,
including stomach contents, intestinal con-
tents, samples of organs including liver, kid-
ney, lung and brain, may be requested. The
storage, preservation and handling of these
specimens will depend upon the suspected
poison. Specialist advice must be obtained or
the samples may be useless.

15 Tissue samples should be retained in forma-
lin for microscopic examination. If there is
any doubt, whole organs — brain and heart in
particular — should be retained for specialist
examination.
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16 In all of these aspects of the examination,
careful notes must be kept and augmented by
drawings and diagrams if necessary. These
notes, drawings and diagrams will form the
basis for the report.

B The autopsy

Detailed guidance on the internal examination
can be found in textbooks such as ‘The Hospital
Autopsy’ (see ‘Further Reading’ at the end of
Chapter 3), but a short summary of the basic tech-
niques is given below.

1 An incision is made from the larynx to the
pubis. The upper margin may be extended
on each side of the neck to form a ‘Y’ incision.
The extra exposure this brings is useful in
cases of neck injury or in children.

2 The skin on the front of the chest and abdo-
men is reflected laterally and the anterior
abdominal wall is opened, with care taken
not to damage the intestines. The intestines
are removed by cutting through the third part
of the duodenum as it emerges from the retro-
peritoneum and then dissecting the small and
large bowel from the mesentery.

3 The ribs are sawn through in a line from the
lateral costal margin to the inner clavicle and
the front of the chest is removed.

4 The tongue and pharynx are mobilized
by passing a knife around the floor of the
mouth close to the mandible. These are then
removed downward as the neck structures
are dissected off the cervical spine.

5 The axillary vessels are divided at the clavicles,
and the oesophagus and the aorta are dissected
from the thoracic spine as the tongue continues
to be pulled forwards and downwards.

6 The lateral and posterior attachments of the
diaphragm are cut through close to the chest
cavity wall and then the aorta is dissected off
the lower thoracic and lumbar spine.

7 Finally, the iliac vessels and the ureters can
be bisected at the level of the pelvic rim and
the organs will then be free of the body and
can be taken to a table for dissection.

8 The pelvic organs are examined in situ or
they can be removed from the pelvis for
examination.



9 The scalp is incised coronally and the flaps
reflected forwards and backwards. The
skull-cap is carefully sawn through and
removed, leaving the dura intact. This is then
incised and the brain removed by gentle
traction of the frontal lobes while cutting
through the cranial nerves, the tentorium and
the upper spinal cord.

10 The organs are dissected in a good light with
adequate water to maintain an essentially
blood-free area. Although every patholo-
gist has his or her own order of dissection,
a novice would do well to stick to the follow-
ing order so that nothing is omitted: tongue,
carotid arteries, oesophagus, larynx, trachea,
thyroid, lungs, great vessels, heart, stomach,
intestines, adrenals, kidneys, spleen, pan-
creas, gall bladder and bile ducts, liver, blad-
der, uterus and ovaries or testes and finally
the brain.

11 Samples should be taken for toxicology and
histology as necessary.

12 Make detailed notes at the time of your exam-

ination and write your report as soon as pos-
sible, even if you cannot complete it because
further tests are being performed.

13 All reports should include all of the positive

findings and all of the relevant negative find-
ings, because in court the absence of a com-
ment may be taken to mean that it was not
examined or specifically looked for and, if a
hearing or trial is delayed for many months
or years, it would not be credible to state that
specific details of this examination can be
remembered with clarity.

14 The conclusions should be concise and

address all of the relevant issues concern-
ing the death of the individual. A conclusion
about the cause of death will be reached in
most cases, but in some it is acceptable to
give a differential list of causes from which
the court may choose.
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Appendix

During the early part of this century, E.M.P.Widmark,
a Swedish physician did much of the foundational
research regarding alcohol pharmacokinetics in
the human body. In addition, he developed an alge-
braic equation allowing one to estimate any one of
six variables given the other five. Typically, we are
interested in determining either the amount of alco-
hol consumed by an individual or the associated
blood alcohol concentration (BAC) given the val-
ues of the other variables. According to Widmark’s
equation, the amount of alcohol consumed (A) is a
function of these several variables:

From Equation 1
N={W,r,C,b,t,z)

where:

N = amount consumed

W = body weight

r = the volume of distribution (a constant)

C, = blood alcohol concentration (BAC)

B = the alcohol elimination rate

t = time since the first drink

z = the fluid ounces of alcohol per drink
Widmark’s equation relates these wvariables
according to:

Equation 2
N =Wr (C;+Bt)

0.8z
where:

N = the number of drinks consumed
W = body weight in ounces

Widmark's
formula

r = volume of distribution (a constant relating the
distribution of water in the body in L/Kg)

C, = the blood alcohol concentration (BAC) in Kg/L

B = the alcohol elimination rate in Kg/L/hr

t = time since the first drink in hours

z = the fluid ounces of alcohol per drink

0.8 = the density of ethanol (0.8 oz per fluid ounce)

Worked example

Assume that we are interested in determining the
amount of alcohol consumed (number of drinks)
given certain information. The information we are
given includes: a male weighing 185 lb,r = 0.68 L/
kg, Ct = 0.15 g/100ml, § = 0.015 g/100ml/h, t =
5 h, and drinking 12 floz beers with 4% alcohol
by volume. We introduce this information into
Equation 2 according to:

N = (1801b)(160z)(0.68L/kg)(0.0015kg/L + (0.00015kg/L/h) (5h))
(0.8)(0.48 1l oz/drink)

Note that we had to convert the 0.15 g/100ml
and the 0.015 g/100ml/h to Kg/L which simply
amounts to moving the decimal two places to the
left. Solving for A we find:

_ 1958.4(0.00225)
a 0.384

=11.5 drinks
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Appendix |Diagnosing poisoning-—
Carbon monoxide.
Health Protection

Patient presenting with:
Headache, nauseafvomniting, drowsiness, dizziness, dyspnoea, chest pain
COULD THIS BE A CASE OF CO POISONING?

Ask the patient:

+ Do you feel better away from your house or place of work?

+ s anybody else in your family or house experiencing the same symptoms as you?

* Have you recently had a heating or cooking appliance installed?

+ Have all gas, cokefcoal, wood or oil fired appliances, e.qg, cookers, fires, boilers at your
home been serviced within the last year?

+ Do you ever Use your oven or gas stove for heating purposes as well as for cooking?

* Has there been any change in ventilation in your home recently, e.g, fitting double glazing?

+ Have you noticed any sooty stains around appliances or an increase in condensation?

+  Does your work involve possible exposure to smoke, fumes or motor vehicle exhaust?

+ Is your home detached, semi-detached, terraced, flat, bedsit or hostel?

e e----l

A

You are Could this be a case 1 You are Thisis NOT a case 1€
suspicious: of CO poisoning? ' confident: of CO poisoning 1

L L L L

Action to take: GP - General Practice ED - Emergency Department
1 Test for CO
GP - breath test for exhaled CO if device is available. (Note: Only indicates recent
exposure; interpretation difficult in sokers. For interpretation of results see TOXBASE).
ED - heparinized venous blood sample for COHb estimation. For interpretation of results
see TOXBASE and contact the National Poisons Information Service (NPIS).
2 Management - Commence oxygen therapy
GP - follow advice on TOXBASE; refer to ED if required.
ED - follow advice on TOXBASE. Contact NPIS for severe poisoning. (See CMOJCNO letter
Novemnber 2008: www.dh.gov.uk/cma).
3 Protect your patient and others - Contact your local Health Pratection Unit (HPU).
They will co-ordinate services for your patient and provide further CO guidance.
Telephone gas, oil or solid fuel helpline (see Notes).
DO NOT allow patient home without a waming NOT to use the suspect appliances.
Follow up
GP - note that symptoms may persist or develop later.
ED - advise patient to see GF for follow-up. Note this advice in discharge letter.

w o

If patient does not improve
+ Contact NPIS for advice.
+ Contact local HPU for advice.
* Reconsider diagnosis.

Box 1 Carbon monoxide is a mimic

Carbon monoxide poisoning is notorious for simulating other more common condi-
tions, including flu-like illnesses, migraine, food-poisoning, tension headaches and
depression.

Headache is the commonest symptom - think CO!

© Health Protection Agency 2009. Reproduced with permission.

Agency guidelines

Box 2 Carbon monoxide

sources are multiple

The source of CO may be in the home, in the car due to a
leaking exhaust system, or in the workplace. Gas, oil, coal,
coke and wood heating appliances are the commonest
sources in the home.

Malfunctioning heating appliances may be indicated by there
being yellow rather than blue flames (if it is not a ‘decorative
flame’ fire) and by the deposition of soot on radiants or on the
wall adjacent to the fire. There may be more than one source
of carbon monoxide.

Poisoning is not limited to those from lower income groups.
Carbon monoxide can leak into a semidetached or terraced
house/flat from neighbouring premises. It is unlikely that a
patient will know about servicing of appliances at his/her work-
place, but it is worth asking about the sort of heating devices
in use.

It is also worth asking: “Have you recently started to re-use
heating appliances/boilers after the summer break/during
an unexpected cold spell?”

Box 3 Stopping further

exposure is essential

Preventing further exposure is the most important thing you
can do. Breath tests and blood samples may prove incon-
clusive some hours after exposure has ended: CO levels
in the blood decline with a half-life of about 6 hours. Note
that a normal concentration of carboxyhaemoglobin (COHb)
does not disprove CO poisoning unless the sample has been
taken soon after exposure ended. A heparinized venous
blood sample should however, always be taken and sent
to the local Clinical Chemistry Laboratory for analysis. For
interpretation of results and detailed advice on CO poisoning
see TOXBASE and call NPIS.

If you strongly suspect CO poisoning do not wait for the
result of the analysis before taking the other steps listed
in Box 3. Contacting the gas (0800 111999), oil (0845
6585080) or solid fuel (0845 6014406) safety services
is essential. Contacting your local HPU is essential as they
will co-ordinate Environmental Health, Safety, Social and
other services to protect your patient and others. Follow-up
is important as further consequences of chronic exposure to
CO may be delayed, or mild symptoms may persist, multiply
or intensify. Recommend the purchase of an audible carbon
monoxide alarm for installation in the home.
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