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PREFACE TO THE THIRD EDITION

We are delighted to present the third edition of this
established book, which again brings together the
experience and guidance of recognised experts in
autopsy practice and related subjects from across the
United Kingdom into an illustrated, authoritative
textbook.

Since the publication of the second edition, the
hospital autopsy rate has continued to decline to such
an extent that in many centres autopsies that are not
performed on the instruction of a medicolegal
authority have become a rarity. This has necessitated
the addition of a subtitle to the title of this edition of
the book to denote that this book now aims to pro-
vide information to a wider range of pathologists
engaged in autopsy practice. This includes those
examinations undertaken at the request of a medico-
legal authority but who do not need the expertise of a
forensic pathologist, and those performed with the
consent of the relatives of the deceased.

In this third edition all of the chapters have been
updated - in most cases by the original authors - to
take account of advances that have taken place in the
nine years since the second edition. It reflects the
comments we gratefully received on the second edi-
tion, the increasing body of knowledge required of
pathologists engaged in autopsy practice, and the
increasing difficulty with which junior pathologists
can come by the requisite experience to complete
their training. We have also taken into account the
changing world of autopsy practice with the increased
use of so called minimally invasive or near virtual

autopsies using radiological imaging modalities.
Bearing all this in mind we have included six new
chapters on the role of the autopsy in medical educa-
tion, religious attitudes to the autopsy, autopsies of
patients with high-risk infections, peri-operative and
post-operative deaths, the radiological autopsy and
the unascertained autopsy. We have further increased
the number of photographs and illustrations in the
book, almost all of which now appear in full colour.
In the United Kingdom, autopsy practice has been
influenced by anumber of publications, most notably
the Guidelines on Autopsy Practice by the Royal
College of Pathologists, and by amendments to the
Coroners’ Rules, the new Human Tissue Act, reports
from the National Confidential Enquiry into Patient
Outcome and Death and the formation of the Human
Tissue Authority. The relevant parts of these docu-
ments and guidelines have been incorporated, where
appropriate, into the chapters of the book. In light of
these, we remain convinced that there is a need not
for more autopsies, but for autopsies performed to a
higher standard. There remains no single ‘right way’
to undertake an autopsy but the methods set out here
are, we hope, a useful guide. We hope that the third
edition of The Hospital Autopsy will continue the tra-
dition of its predecessors: i.e. to inform junior and
senior pathologists alike of best practices in both the
basic techniques of the autopsy and the ancillary
specialist techniques that are occasionally required.

Dr Julian L Burton and Professor Guy N Rutty 2010

Dr JL Burton is a coronial pathologist at the Medico-Legal Centre in Sheffield. His is active in autopsy practice
and his practice focuses on sudden unexpected deaths in the community including those from natural causes,
road traffic collisions, drug overdoses, industrial deaths and suicides. He has experience of postoperative death
autopsies and an interest in autopsies performed on decomposed bodies. Dr Burton is also medical educational-
ist with a research interest in the role of the autopsy in undergraduate and postgraduate medical education.

Professor GN Rutty holds the Foundation Chair of Forensic Pathology, University of Leicester, UK where he is
Chief Forensic Pathologist to the East Midlands Forensic Pathology Unit. He is a Home Office Registered Foren-
sic Pathologist. He is the Chair of the Forensic Pathology Sub-Committee of the Royal College of Pathologists,
and a member of the Home Office Policy Advisory Board for Forensic Pathology. He is active in autopsy prac-
tice, teaching and research with a pedigree of autopsy related publications. His current principle area of research
relates to the use of radiological imaging in autopsy practice, mass fatality investigation and identification.
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Chapter 1

THE HISTORY OF THE AUTOPSY

Julian L Burton

Introduction ........... ... 1
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The greater the opportunity that hospitals give us for observing rare diseases — and this applies even more to
the commoner diseases — the more often am I obliged to bewail the lot of the ancient physicians, who lacked
hospitals ... But, if after hospitals began to exist, it had been permitted to investigate diseases not only in sick
persons but also in those who had died after every sickness, the advances that the medical profession would
have made in the subsequent ten centuries can easily be estimated by considering the advances that have
been made since both kinds of examination began to be permitted, about the beginning of the 16th century.

Introduction

The term ‘autopsy’ means ‘to see for oneself” and is
synonymous with the terms ‘post-mortem’, ‘post-
mortem examination’ and ‘necropsy’. None of these
terms has a specific meaning that allows the extent
or precise nature of the investigation to be inferred
from their use. In modern practice, an autopsy is
usually taken to indicate a detailed examination that
includes the external examination of the corpse, and
the evisceration and subsequent careful dissection of
the contents of the cranial, thoracic, abdominal and
pelvic cavities. Nonetheless, examinations restricted
to a particular body cavity (either by the relatives’
wishes or because of some infectious hazard), or to
the sampling of the organs in the unopened body
with a biopsy needle, are also regarded as autopsy
examinations. In some countries, such as Scotland,
where a ‘view and grant’ system of death certifica-
tion exists, the term ‘post-mortem examination’ may
refer only to the external examination, with no effort
being made to examine the internal organs. So-called
‘scan and grant’ virtual autopsies, in which bodies

Morgagni (1761)

are subjected to imaging rather than dissection, have
also emerged in recent years (Rutty, 2007).

We can consider that there are two principal types
of autopsy: hospital examinations, performed on the
request of a clinician with the consent of the next of
kin, and medicolegal autopsies. The latter can be
subcategorised into those where there is a criminal
or civil interest (forensic autopsies) and those where
death is presumed to be due to natural causes (non-
forensic medicolegal autopsies).

The variations in the scope of the examination
implied by these terms must be remembered in any
historical account of the autopsy. Furthermore, other
terms have historically been used to describe what
we now call ‘autopsy’. Among these, the term ‘dissec-
tion’ is now taken to refer solely to the process of
cutting apart or separating tissues and organs from
one another for further study. ‘Anatomisation’ is a
term that has fallen into disuse, but carries the
connotation of a degree of dissection that sounds
extreme.

Throughout recorded history, humans have felt
both revulsion and fascination at the prospect of



2 The history of the autopsy

examination of the human body after death. These
attitudes have been inextricably linked with the
prevailing religious and political climates of the
time, and, further, reflect the epistemological
advances in our understanding of medicine and
disease. As the nineteenth century French philoso-
pher Auguste Comte (1798-1875) argued, the human
mind has progressed from a theological stage,
through a metaphysical stage, to a final positive
stage. In the theological stage, primitive attempts are
made to explain behaviour in terms of spiritual or
supernatural entities. The metaphysical stage is a
modification of this and explains behaviour in terms
of abstractions, essences or forces. The positive stage
dispenses with these concepts and turns to observa-
tion and reason as a means of understanding
behaviour (Cohen and Manion, 1998). Such ‘positiv-
ism’ is the underlying principle of the modern
scientific method. Thus, the purposes for which
post-mortem examinations were performed have
evolved from the prophetic, through a search for an
imbalance of the humours, to a ‘scientific’ approach
to the evaluation of the nature and extent of disease
and the cause of death. Modern medicine has an
anatomical and physiological attitude underlying
most diseases and, even when such causes cannot be
proven, we assume that they will someday be eluci-
dated in these terms. Our continuing fascination
with the autopsy in the twenty-first century is
evidenced by the proliferation of web pages and tele-
vision programmes discussing autopsies.

What follows is a brief account of the history of
the modern autopsy. More detailed discussion is to
be found in the excellent commentaries by Porter
(1999), Park (1995) and King and Meehan (1973).
Any historical account of the subject will lean
heavily on their definitive studies.

Antiquity

The ancient Egyptians, whose civilisation rose
under the Pharaohs around 3000Bc, practised
medicine that had both an empirical and a magico-
religious aspect. Human dissection was confined to
the process of mummification, in which embalmers
attempted to preserve the body intact. The internal

organs were removed through small incisions
(although the heart, believed to be the seat of the
soul, was left in situ) and the brain was removed via
the nose using hooks. Once removed, the organs
were stored in special Canopic jars. While it was
acceptable to tamper with the body of the deceased
in this manner, the procedure was performed for
entirely magico-religious reasons and no attempt
was made to understand disease in the living from
an examination of the dead.

In the other great civilisation of the time, that of
Mesopotamia (the lands between the rivers Tigris
and Euphrates), disease was similarly thought to be
due to supernatural intervention. Rather than
looking to the human corpse for an understanding
of disease, omen-based prognostic practices flour-
ished, including the examination of the liver
(hepatoscopy) and entrails (haruspicy) of sacrificed
animals (Porter, 1999). Hepatoscopy and haruspicy
can be traced back to the time of Sargon I of Babylon
(c. 3500Bc). Disease was regarded in an anamistic
fashion - i.e. controlled by gods or spiritual forces,
whose intentions could be read in the liver by the
haruspex (King and Meehan, 1973).

The Greek civilisation began to emerge around
1000 B¢, but little is known of their medicine before
500 Bc. Hippocrates (c. 460-377 Bc), whose work has
been deduced from legend, promoted a naturalistic
philosophy that disease resulted from ‘natural’
causes. Early Greek physicians had a sound grasp of
surface anatomy, but the cultural mores against
human dissection limited their knowledge of inter-
nal anatomy to that gleaned from the inspection of
wounds and the dissection of animals. The use of
animal dissection, promoted by Aristotle (384-
322 BC), was subsequently used to ground biomedical
knowledge in Alexandrian medicine. Hirophilus
(c. 330-255Bc), however, is reported to have
performed dissections on live humans (probably
condemned criminals) and public dissections on
human cadavers. It was he who discovered and
named the prostate, duodenum (from the Greek for
12 fingers), and the structure that bears his name,
the torcular Herophili (the confluence of the intrac-
ranial sinuses) (King and Meehan, 1973). That
Hirophilus describes the rete mirabile (a network of



arteries found at the base of the brain in primates)
demonstrates that some of his dissections were also
performed in animals; the rete mirabile is not
present in humans.

The application of human dissection altered little
over the subsequent four centuries. The classical
Greeks and their successors were working with an
entirely different concept of disease; namely a
misbalance of humours. This model gives no partic-
ular significance to the physical state of the organs
and therefore does not see any particular clinical
interest in the autopsy. The work and views of Galen
(AD 129-¢.216) were to dominate medicine for the
next millennium. However, while he prided himself
on being an expert clinician, he was also a medical
scientist and performed dissections. These were
mainly performed on apes, sheep, pigs, goats, and
even an elephant’s heart. Human dissection was out
of the question, though he told of examining two
skeletons observed by chance, one washed from a
grave by a flood and another of an unburied thief
picked clean by carrion birds (King and Meehan,
1973). Given Galen’s dominance over the medical
establishment, his assertions on human anatomy
based on comparative anatomy in apes and other
mammals were to remain largely unchallenged for
1400 years (Porter, 1999).

Human dissection in the
Dark Ages

With the fall of the Roman Empire, the West began
its decline into the Dark Ages. Little of what passed
for medical practice between 476 and 1000 in the
West is known. Human dissections for scientific
purposes in the West are unrecorded in this time.
Thanks to a number of writers in the Greek East,
we can be certain that the practice of human dissec-
tion did continue and that the history of the autopsy
is unbroken from ancient times to the modern day.
Both Pseudo-Eustathius (c. 325) and Symeon the
Theologian (949-1022) report that autopsies
intended to search for disease were performed on the
dead bodies of criminals (Bliquez and Kazhdan,
1984; Burton, 2005). It is apparent that the practice

The medieval autopsy 3

of human vivisection also continued. As Theophanes
(752-818) records:

... an apostate from the Christian faith and leader
of the Scameri was captured. They cut off his
hands and feet on the Mole of St Thomas, brought
in physicians, and dissected him from his pubic
region to his chest while he was alive. This they did
with a view to understanding the structure of
man. In this condition they gave him over to the
flames.

(Bliquez and Kazhdan, 1984)

Clearly, the Eastern Church did not have the same
mores against human dissection that had plagued
the ancient Greeks or that would feature promi-
nently in the West. Moreover, these Byzantine
dissections were perhaps the first true autopsies,
seeking to understand the nature of disease and not
just anatomical structure (Burton, 2005). Such
autopsies would not be seen in the West for another
450 years.

The medieval autopsy

In Anglo Saxon England, the Tutonic pagan belief
that disease was caused by ‘the worm’, ‘onfliers’,
‘elf-shot’” and contagious magic meant that further
investigation of the body was not only fruitless but
might also be positively dangerous. The appropriate
activity in that context was the proper observance of
the ritual of cleansing, disposal and grief with
perhaps some vengeance on supposed sources of
disease. Elements of these attitudes persist in all
cultures, as the expensive procedures of funeral and
bereavement rituals attest.

Little is known of autopsy practices in the early
Middle Ages. In the early medieval west, dissection
of the human cadaver remained closely bound up
with the religious beliefs of the time. Dissection for
scientific advancement was all but unheard of.
Indeed no mention of human dissection for such
purposes is to be found in Binski’s (1996) account of
medieval death, ritual and representation.

In England, Germany and France, human dissec-
tion was limited to the process of ‘division of the
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corpse’. In general terms, this practice consisted
either of the evisceration of the body in preparation
for a state funeral or of a complete dismemberment
(‘anatomy’). The latter was undertaken largely on
the bodies of the saints (Park, 1995; Binski, 1996)
and allowed several religious communities to have
local access to a part of such an illustrious person.
Such relics often consisted of severed body parts and
were preserved within the alter or a shrine within
the church (Binski, 1996). Division of the corpse was
also undertaken to facilitate its transportation for
burial when death occurred far from home. Such a
practice is clearly exemplified in this account of the
division of Henry I of England in 1135:

Although he had died in Rouen, the king wished to
be buried in Reading. Accordingly, he was
decapitated, and his brain, eyes, and viscera were
removed and buried in Rouen. The rest of his body
was cut into pieces, heavily salted, and packed into
oxhides against the smell, which, according to the
chronicler, had already killed the man responsible
for extracting the brain. By the time the funeral
procession had reached Caen, the corpse was
exuding a liquid so foul that its attendants could
not drain it without what Henry of Huntington
called ‘horror and faintings.”

(Park, 1995)

In contrast, such practices were only rarely adopted
in twelfth and thirteenth century Italy. Indeed,
division in preparation for burial in Italy was prohib-
ited by Pope Boniface VIII in 1299 and punishable
by excommunication - itself a form of social death
(Park, 1995).

In thirteenth century England, dissection of the
dead to determine the cause of death was largely
unknown. Autopsies were not used in early coronial
inquests - instead, the jury met with the coroner
around the body (Seabourne and Seabourne, 2001).
Disease, death and decay were considered to be signs
of sin and the will of God. Further, as bubonic plague
(and, later, smallpox) ravaged the country there were
fears that cadavers were sources of contagion.
However, given that the diagnosis of death was often
certain, but not always accurate (giving rise to

several ‘miracles’ of resurrection), the absence of
autopsy practice was perhaps comforting (Horrox,
1999)!

Italy is the birth-place of the examination of the
dead that evolved into the autopsy we are familiar
with today. The earliest report of such an autopsy
dates from 1286 when a doctor in Cremona under-
took an autopsy examination to investigate an
epidemic (Park, 1995). The chronicles of Fra Salim-
bene, a Franciscan friar, tell of a physician who
opened a hen and found an abscess at the tip of the
heart. He then opened a man who had died of appar-
ently the same disease and found a similar lesion.
The autopsy was to soon have a place in medicolegal
investigations, and the report of Azzolino, who died
in Bologna in 1302 in suspicious circumstances and
was autopsied on the order of the court, concludes
‘We have assured ourselves of the condition by the
evidence of our own senses and by the anatomisa-
tion of the parts’ (King and Meehan, 1973).

The Renaissance autopsy

The ruling of Pope Boniface VIII was taken by many
to include all forms of dissection, but the attitude of
the church was to be slowly modified, and, in 1410,
Pope Alexander was autopsied by Pietro D’Argelata
following his sudden death. A bill was subsequently
issued by Pope Sixtus IV (1471-1484) permitting
studies on human bodies at Padua and Bologna (in
fact the first public human dissection in Bologna
occurred around 1315). The bill was confirmed by
Clement VII (1523-1534). The performance of
forensic autopsies was sanctioned by Emperor
Charles V in 1532 with the introduction of the
Constituto Criminalis Carolina (Dada and Ansari,
1996). By 1556 the autopsy was fully accepted by the
Catholic church (King and Meehan, 1973; Porter,
1999).

It was Andreas Vesalius (1514-1564) who was to
not only restore but transcend Galenic anatomy.
Born in Brussels and trained in Paris, he moved to
Padua in 1537 and rapidly made a name for himself
as a skilled dissector. His familiarity with anatomy
led him to challenge the accepted Galenic version of
human anatomy. In 1539, having acquired a large



supply of cadavers from executed criminals, he
produced the De humani corporis fabrica (On the
fabric of the human body), which was finished in
1542. In daring to think that Galen was wrong,
Vesalius’s work had a profound effect on our under-
standing of anatomy (Porter, 1999). Vesalius’s fame
rapidly spread through northern Europe. So it was
that, when King Henry II of France suffered a joust-
ing wound in his eye on 30 June 1559, Vesalius was
called to attend the King, along with surgeon
Ambrose Paré. The King’s wound proved fatal.
Death occurred 3 days later, and Vesalius and Paré
performed the autopsy (Martin, 2001).

Although dissection of the human body under-
taken as an anatomical exploration was the subject
of much interest, the description of pathological
states was, in keeping with the times, somewhat
understated. Antonio Benivieni (1443-1502) did
much to promote autopsies and pathology, yet his
text De abditis nonnullis ac mirandis morborum et
sanatotionum causis (On some remarkable hidden
causes of diseases and of cures), published in 1507,
includes the autopsy report of a man who died
following protracted vomiting. The entire patholog-
ical report reads:

It was found that the opening of his stomach had
closed up and it had hardened down to the lowest
part with the result that nothing could pass
through to the organs beyond, and death
inevitably followed.

(King and Meehan, 1973)

Autopsies in the seventeenth
and eighteenth centuries

The performance of incomplete dissections, the
failure to correlate morphological with clinical
findings, and the brevity of reports continued to
hamper the autopsy through the sixteenth and
seventeenth centuries (Dada and Ansari, 1996).
Boerhaave recognised this and in 1724 described in
detail the case of a nobleman who died from
oesophageal rupture. In particular, he emphasised
the importance of the history: ‘Everything pertain-

Autopsies in the seventeenth and eighteenth centuries

ing to the case must be listed, nor that the least thing
neglected which a critical reader might rightly seek
to understand the malady.” The case is repeated by
King and Meehan (1973).

Preceding the fatal illness, he ate a most
injudicious meal: ‘veal soup with fragrant herbs;
... a little white cabbage boiled with sheep;
spinach; and calf sweetbreads lightly roasted (or
fried); a little duck, thigh and breast; two larks; a
bit of apple compote and bread; and ... dessert
consisting of pears, grapes, and sweetmeats. With
his meal he drank a little beer and a little wine
from Moselle. Shortly after he felt that something
had ‘irritated the opening to his stomach’. After
unsuccessful attempts to obtain relief by vomiting,
he felt a horrible pain and declared that
‘something near the upper part of his stomach was
ruptured, torn, or dislocated’. Suffering great
agonies, he took a great deal of medication by
mouth, including many emetics and much fluid,
but all without relief. He passed very little urine
despite the great amount of fluid ingested. The
sufferings were horrible and he died in agony,
while the physicians stood by, helpless and
completely baffled.

The autopsy procedure, narrated at great length, fills
almost six large pages of closely printed text, far
more than the reports of the previous century. The
autopsy was carefully performed, the incision begin-
ning at the xiphisternum, down to the pubis, ‘and
then to the lumbar areas so as to injure nothing and
to remove nothing from its position’. The different
organs and regions of the abdomen are described
cursorily where there was little change, and at length
where the appearance was abnormal. No organs
were removed. Since the abdominal examination
did not explain the clinical findings, ‘the true cause
of death was believed to lie in the thorax’. Therefore,
after the abdominal organs were all restored to their
‘natural position’, the thorax was carefully opened
and found to contain over 10 litres of fluid. The
actual rupture of the oesophagus and the adjacent
pleura, and the collapse of the lungs, are vividly
described, as is the precise method of the examina-
tion. Except for a small incision made in the
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oesophagus, the organs were neither incised nor
removed.

The autopsy and the anatomical dissection
became sources of human tissue for archiving and
display. Frederik Ruysch (1638-1731), working as
chief anatomist for the city of Amsterdam, perfected
a preservation technique for archiving the brain.
The blood vessels were injected with a mixture of
wax and red pigment, before immersing the tissues
in a transparent alcoholic liquid of his own devising
(Gere, 2003). Ruysch’s collection of artistic and
educational anatomical specimens was purchased in
1717 by Peter the Great for 30000 guilders (Gere,
2003).

The nineteenth century autopsy

The history of the autopsy examination in its
modern form begins in Padua in the mid-eighteenth
century with the work of Giovanni Battista
Morgagni (1682-1771). Morgagni further empha-
sised the importance of careful observation and the
correlation of clinical and pathological findings
suggested by Boerhaave. He was a keen academic. At
the age of 16 (in 1698) he was already learned in
algebra, archaeology, geometry, astronomy and
agriculture, and enrolled as a medical undergradu-
ate at the University of Bologna. As a graduate
student he trained under Antonio Valsalva, and at
age 29 was appointed as assistant professor of
theoretical medicine in Padua. From the outset he
was opposed to Galenic principles, favouring instead
observation and experimentation. Four years later
he held the Chair of Anatomy and devoted the next
55 years to his students, his morphological studies
and his family (Hill and Anderson, 1996).

A significant turning point in the history of the
autopsy took place at the end of the eighteenth
century with the work of Xavier Bichat. Although
his career was only short (he died of tuberculosis
at the age of 30), Bichat - known as the Father of
Histology - revolutionised the autopsy examination,
directing attention away from the organs to the
tissues. Without the aid of a microscope he distin-
guished 21 types of tissue, recognising that it was the
tissues making up the organs of the body, rather

than the organs themselves, that held the key to
understanding disease. A busy clinician, it is said he
performed some 600 autopsies in the year of his own
death (King and Meehan, 1973; Hill and Anderson,
1996). Without doubt he was convinced of their
value:

You may take notes for 20 years, from morning to
night at the bedside of the sick, upon the diseases
of the viscera, and all will be to you only a
confusion of symptoms, ... a train of incoherent
phenomena. Open a few bodies and this obscurity
will disappear.

The father of the modern autopsy is widely regarded
to be Karl Rokitansky (1804-1878). Working at the
Allgemein Krankenhaus in Vienna, he performed
over 30000 autopsies during his career and is
thought to have supervised some 70000 autopsies.
In addition, he amassed a collection of tens of
thousands of anatomical specimens, collections of
skulls and pelvic bones, and treasures including the
report on the autopsy of Ludwig van Beethoven.
(Beethoven’s autopsy was performed by Johann
Wagner in 1827, just months before Rokitansky
joined the staff) Rokitansky, and his colleagues
Johann Wagner and Lorenz Biermayer, were perhaps
the first professors of pathology anywhere. Rokitan-
sky initiated the concept of a thorough and
systematic autopsy examination that ensured that
every part of the body would be examined in identi-
cal fashion, regardless of the clinical history.
Ironically, he also set the precedent of the patholo-
gist divorced from clinical practice. In so doing, he
may have foreshadowed the decline of the apprecia-
tion of the autopsy (Hill and Anderson, 1996).

In England, renewed interest in anatomy and the
autopsy at the start of the nineteenth century meant
that the demand for cadavers rapidly outstripped the
supply afforded by the courts; the bodies of crimi-
nals sentenced to death were given to doctors for
‘anatomisation’. Grave robbing developed as a prof-
itable enterprise, but relatives and the authorities
began to take preventative measures and the practice
fell into decline. The practice was in part controlled
by legislation (Anatomy Act 1832) that gave the
unclaimed bodies of paupers who died in hospitals



and workhouses a further punishment for their
poverty by turning them over to the anatomists
(Rugg, 1999). So-called ‘resurrectionists’ took to
providing corpses for dissection by murder. The
most famous of these were William Burke (1792-
1829) and William Hare (1792-1870) in Edinburgh,
who suffocated their intoxicated victims. Burke sat
on the victim’s chest, occluding the mouth and nose,
while Hare dragged the victim round the room by
the feet (‘Burking’). Brought to justice in 1829, Hare
turned King’s evidence and Burke was hanged, his
body being publicly anatomised and flayed, and his
skin tanned and sold by the strip (Porter, 1999).

Rudolf Virchow (1821-1902), working in Berlin,
advanced the autopsy yet further beyond the work of
Rokitansky, extending the understanding of disease
to the cellular level - a pivotal point in the develop-
ment of the modern understanding of pathology.
His short textbook A Description and Explanation of
the Method of Performing Post-mortem Examina-
tions (Virchow, 1876) makes fascinating reading.

A relatively modern collection of autopsy reports
is Sir William Osler’s (1849-1919) autopsy protocols.
The surviving three volumes record 428 autopsies in
considerable detail although many are rather synop-
tic. Further autopsy accounts can also be found
within his thesis, which is based on 20 autopsies and
the preparation of gross and microscopic specimens
(Golden, 2007). His published text on “The Princi-
ples of Medicine’ is notable in that it can be clearly
seen that the autopsy contributed significantly to
Osler’s understanding of disease (Rodin, 1973). His
belief in the value of the autopsy extended even to his
own death. ‘Archie, you lunatic,” he said to his friend
Dr T. Archibald Mallock 3 weeks before he died, T've
been watching this case for 2 months and I'm sorry I
shall not see the postmortem.” (Hill and Anderson,
1996).

The late nineteenth century witnessed the emer-
gence of the minimally invasive autopsy. Howard
Kelly proposed a method of ‘post mortem examina-
tion of the thoracic and abdominal viscera through
the vagina, perineum, and rectum and without inci-
sion of the abdominal parieties’ (Bonello, 2003).
This was prompted by a recognition that, even then,
physicians struggled to gain consent for autopsies
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because of concerns that the body would be visibly
mutilated. In Kelly’s method, an incision was made
into the perineum once the legs had been elevated or
placed into the lithotomy position. The hand and
arm, bared to the shoulder, were then worked into
the abdominal cavity to free the viscera with the aid
ofascalpel as needed. In this way, the internal organs
could be removed for inspection (Bonello, 2003).

Nineteenth century autopsies were not without
contention. The physicians present at the autopsy of
Napoleon expressed divergent opinions as to the
true cause of death. Theories ranging from gastric
carcinoma to poisoning with arsenic, antimony or
mercurous chloride to quinine overdosage have been
suggested. Mari et al. (2004) suggest torsades de
pointes secondary to chronic arsenic poisoning and
a quinine overdose.

The twentieth century autopsy

At the start of the twentieth century the autopsy was
considered to be central to medical research, educa-
tion and professional development (Roulson et al.,
2005; Burton and Underwood, 2007). By the 1960s
the situation had changed and the autopsy has subse-
quently undergone a steady decline, which continues
to the present day (Start et al., 1993; Burton and
Underwood, 2003). This decline has been almost,
but not entirely, universal. A number of studies have
been able to significantly increase autopsy rates
although the rates decline again when the study
interventions are discontinued (Burton and Under-
wood, 2007).

As the role of pathology in medicine became
established, autopsies moved out of anatomy thea-
tres and private homes and into hospital and public
mortuaries. Autopsies had certainly been performed
in the homes of the deceased or in physicians’
consulting rooms in the nineteenth century - a firm
kitchen table in a well-lit room was recommended
for the purpose. The practice was continued, to a
diminishing extent and usually by general practi-
tioners, until the 1960s. By an interesting quirk of
fate, Sir John Mackenzie was autopsied by John
Parkinson (of Wolff-Parkinson-White fame) in
1925 using a set of autopsy instruments that the



8 The history of the autopsy

former had advised the latter to purchase for home
autopsies some 12 years prior to his death (Hollman,
2001; Burton, 2005).

There is a certain popular reluctance to permit
autopsies on deceased relatives. In practice, however,
this is not the limiting factor in the hospital autopsy
rate since, for specific survey purposes, a number of
published studies have sought and achieved very
high autopsy rates (up to 80 per cent) over periods of
ayear or so. Instead, the limiting factor appears to be
the willingness of clinicians to request autopsies.
One study found that consent was sought for an
autopsy in only 6.2 per cent of natural deaths and
43 .4 per cent of these requests were granted (Burton
and Underwood, 2003). Thus, the well-documented
decline in hospital autopsy rates is presumably
because clinicians do not want them. The reasons
offered by clinicians for not requesting autopsies are
varied and range from a simple distaste for the
procedure to a belief that modern investigative tech-
niques are so accurate that the autopsy can add
nothing not known in life. That the process of
obtaining informed consent is now very time-
consuming is also likely to have a negative impact on
request rates.

Pathologists have countered this with numerous
studies showing that the discrepancy rate between
the cause of death offered by clinicians before
autopsy and that revealed by the autopsy is from 15
to 30 per cent, even when restricted to major discrep-
discrepancies
significant, conditions unsuspected in life provide
an added error rate of the same sort of order. Similar
findings have been reported from numerous coun-
tries and are unaffected by the degree of certainty
felt by the clinician regarding the pre-autopsy
diagnosis.

In retrospect, these studies may have been coun-
ter-productive, since what they are providing is
detailed demonstration of error on the part of clini-
cians and it is naive to suppose that this will provide
routine motivation to have more errors demon-
strated, since it is clinicians who must request the
autopsy. Whether consent will be granted depends
greatly on the strength of the requesting clinician’s
recommendation that an autopsy is needed (Burton

ancies. Minor and incidental,

et al., 2004; Burton and Underwood, 2007). Within
the current climate of increasing litigation, it is
unlikely that individual clinicians can be expected
to reverse the trend in the demand for autopsies.
(This is further compounded by the growing
concern of the general public regarding the removal
and retention of organs and tissues at autopsy,
particularly from children.) There remain admira-
ble exceptions, and many clinicians continue to
value the opportunity to improve their understand-
ing of clinical disease, even at the expense of having
to admit that they are sometimes wrong.

Nonetheless, the requests for hospital autopsies
continue to decline (Burton and Underwood, 2003)
and so, consequently, does the hospital autopsy rate.
The implications of this for modern pathological
practice and training have yet to be fully realised,
although many trainees already find it difficult to
obtain sufficient autopsy practice. With the advent
of systematised audit demand may increase again,
and this is discussed further in Chapter 22.

The twenty-first century
autopsy

Although the autopsy declined in the twentieth
century, the past two decades have seen remarkable
innovations. There has been a continuing rise in the
number of autopsy-related publications and new
technologies are increasingly being applied.

There has been a surge of interest in the radiologi-
cal autopsy. While the use of ultrasound (echopsy)
and endoscopic techniques are principally research
tools, the use of computerised tomography and
magnetic resonance imaging is on the increase, and
these are discussed in more detail in Chapter 19.

Curiously, the most detailed autopsies ever
performed have been carried out on ancient corpses
for purely academic reasons and are even published
in semi-popular format for the general public. These
include the incredibly detailed study of Lindow
Man, a corpse dating from before Ap 240 and found
in a bog in Cheshire in 1984 (Stead et al., 1986). The
account includes: forensic analysis; radiocarbon
dating; computerised tomography; scanning elec-



tron microscopy;
botanical and zoological analysis of his last meal;
and the study of pollen in palaeofaeces.

In developing countries and in countries where
social and/or religious mores against the autopsy
persist, a new technique - the verbal autopsy - is

thin-layer chromatography;

emerging in the literature. These ‘autopsies’ require
no examination of the body and comprise struc-
tured interviews conducted some months after
death in an attempt to reach a probable cause of
death that may inform national mortality data. The
technique is of low specificity, although some
authors have reported a high sensitivity for cancer
diagnoses. These verbal autopsies fall outside the
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THE FUTURE OF THE AUTOPSY
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Introduction

Hospital autopsy rates (i.e. autopsies other than those
required by law) have been declining since the 1950s,
prompting concerns about the impact on clinical
audit, medical education and research (Burton and
Underwood, 2007). In the UK, even in teaching hos-
pitals, the autopsy rate has plummeted to significantly
less than 10 per cent of deaths (Start et al., 1993;
Burton and Underwood, 2003) and, in many other
hospitals, fewer than 5 per cent. At this rate of decline,
clinical autopsies and the pathologists sufficiently
experienced to perform them face extinction. The
future practice of medicine will be blind to the many
adverse consequences of clinical interventions and
innovations. Research into cardiac and central nerv-
ous system disorders in particular will be severely
affected. Scientific validation of public health meas-
ures to reduce mortality from common fatal
conditions will be compromised (Squier and Iron-
side, 2006). There will be detrimental effects on
clinical audit and medical education (Carr et al.,
2004). However, by anticipating the likely adverse
impact on medicine, and by proactive measures to
reverse the decline, we may be able to avert the death
of the clinical autopsy and ensure that information
from it continues to sustain high medical standards.

Autopsies required by law have a more secure
future because of the continuing reliance on the
findings for accurate death certification in cases of
sudden or unexpected natural death and for legal
purposes in the further investigation of deaths due to
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Reviving the autopsy: conclusions. .. ............... 15
References ... 16

unnatural causes. However, even for these cases,
some causes of death may be determined by non-
invasive post-mortem imaging such as computerised
tomography and/or magnetic resonance imaging
(MRI), although its reliability is still being validated.

This chapter comments briefly on the current
status of the autopsy and then draws attention to
some recent advances that could be developed fur-
ther to enhance the clinical utility and the public
acceptability of autopsies.

Reasons for the decline

Declining autopsy rates result from:

¢ diminishing clinical interest and increasing
clinical confidence in ante-mortem diagnosis, so
fewer autopsies are requested;

* increasingly complex consent procedures
necessitated by more stringent human tissue
legislation;

* insufficient priority given to autopsies by
pathologists burdened with increasing
workloads of surgical resections, biopsies and
cytology;

* insufficient exposure to autopsies during
medical undergraduate training;

¢ the low esteem of autopsy-based research.

Clinicians attribute the falling numbers of hospital
autopsies to their increasing confidence in the clini-
cal cause of death, despite many studies showing
significant discrepancies between the certified cause
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of death and the actual cause of death as revealed by
autopsy (see Chapter 22). Even when confronted
with these data, they then question whether knowl-
edge of these discrepancies ever influences clinical
management in such a way that the care of future
patients is improved. Such evidence is difficult to
adduce except in a few specific instances; for exam-
ple, the investigation of deaths after new surgical
procedures can lead to improvements in surgical
techniques and in postoperative management and
improve the criteria for case selection for surgery.

The clearest manifestation of the low level of clin-
ical interest in the autopsy is the fact that, first,
consent from relatives is sought usually by the most
junior and inexperienced member of the clinical
team and, second, senior clinicians rarely appear in
the post-mortem room to witness the findings in
their cases. Clinicians also contest that clinical
autopsy requests are not received because relatives
do not wish to give consent. A study by Burton and
Underwood (2003) demonstrated that relatives are
frequently not given an opportunity to express or
withhold consent. When such opportunities are
given, consent is more often given than refused.

Lately, in the UK, there has been considerable
adverse media attention to the retention of organs,
particularly hearts and brains (paradoxically, the
organs most difficult to study during life and yet
which, in many societies, have the greatest symbolic
and emotional significance). Consequently, new
human tissue legislation necessitates more complex
arrangements for obtaining relatives’ consent. The
consent process is now more time-consuming, often
necessitating appropriately trained bereavement
staff to assist the relatives.

Many pathologists have withdrawn from autopsy
practice, sometimes because of the public oppro-
brium evoked by ‘organ retention’. Byard (2005) has
hinted that the autopsy’s current decline is in part
due to pathologists’ lack of enthusiasm, which is all
too evident to their clinical colleagues. He com-
ments that autopsies ‘are sometimes seen as some
sort of atavistic medical throwback, to be under-
taken only by second-rate academics and those who
are unemployable in the real world of 21st century
anatomical pathology!’

The future of the autopsy lies in educating stu-
dents, doctors, health service managers and the
public, in modernising the techniques used in the
examination of the body after death, in greater flex-
ibility in adapting autopsy techniques to satisfy
relatives’ concerns, and in improving the communi-
cation of the results of autopsies.

Autopsies and medical
education

Autopsies are unrivalled as an educational tool for
teaching by clinicopathological correlation. The
impact of witnessing the morbid anatomical features
of disease is potent and enduring. Also, the discov-
ery of clinicopathological discrepancies in the
post-mortem room conveys powerfully knowledge
of the innate fallibility of medical practice and of the
need for clinical audit utilising autopsy data. How-
ever, many pathologists — although they themselves
were once students — do not appreciate students’ psy-
chological reactions to seeing dissected cadavers;
this emotional experience may detract from the
potential educational benefit. Therefore, patholo-
gists demonstrating post-mortem findings to
students should be aware of these reactions, declare
that they acknowledge them and take steps to mini-
mise them. When autopsies are used for teaching,
Benbow (1990) urges that pathologists should keep
the unpleasant aspects of post-mortem demonstra-
tions to a minimum; this can be done, for example,
by placing a screen around the cadaver that might
otherwise be in the full view of students examining
the internal organs, bearing in mind that they may
have seen the patient during life. Otherwise, some
students may form the irrevocable impression that
the autopsy is a disrespectful procedure and shun
any further exposure to it, thus ceasing to experi-
ence the benefits to medicine.

The declining clinical autopsy rate, combined
with recent changes in medical undergraduate cur-
ricula, is resulting in many clinical students
graduating from some medical schools without ever
having witnessed an autopsy. Consequently, in many
places, the next generation of doctors will have even



less knowledge of the role of the autopsy in verifying
the cause of death, in determining the reliability of
diagnostic investigations, or in determining the
beneficial and adverse effects of treatment (Hooper
and Geller, 2007). Nor will these new doctors have
had any personal experience of autopsies to enable
them to give informed answers to the concerns of
relatives whose agreement is being requested. These
adverse trends must be reversed by leadership from
within the specialty of pathology (Horowitz and
Naritoku, 2007).

The educational roles of the autopsy are consid-
ered in more detail in Chapter 3.

Non-invasive autopsies

Because of personal, religious or cultural objections
to the autopsy by dissection and the stressful nature,
even for doctors, of seeking consent at a time of
bereavement, non-invasive autopsy by imaging is
being evaluated.

In one study, 20 stillborn, miscarried or aborted
fetuses were examined by MRI and by subsequent
autopsy dissection. Although there was complete
agreement between the two procedures in only eight
cases, the MRI examination revealed information in
four cases that was not evident by autopsy dissection
(Brookes et al., 1996). A more recent study compar-
ing MRI and conventional autopsy examination of
the central nervous system in 100 fetuses concluded
that, despite a high frequency of agreement, essential
information would be lost in many cases if MRI were
the only investigation, thus compromising the coun-
selling of parents (Cohen et al., 2008).

Similar studies are examining the reliability and
effectiveness of MRI in investigating deaths in adults
(Dirnhofer et al., 2006), particularly in communities
with strong religious or cultural objections to dis-
section of the body after death. However, it is
doubtful whether the MRI autopsy will ever super-
sede dissection, visual examination of the internal
organs and histology of tissue samples, for several
reasons.

¢ MRI does not have the spatial resolution to
identify very small but significant lesions.

Limited autopsies

* MRI cannot sample the body for micro-
organisms or toxins.

* There is no histological confirmation of the
findings.

* Most MRI machines are used fully for the
investigation of living patients, often after a
prolonged waiting period.

Nevertheless, there may be some cases in which a
very specific problem needs investigating that could
be achieved by MRI, after proof of its reliability and
subject to other clinical priorities for access to the
machine. The radiological autopsy does have a place
in medicolegal practice and this is discussed in more
detail in Chapter 19.

Limited autopsies

The full autopsy is unrivalled as a method of audit-
ing the reliability of clinical diagnosis; complete
dissection of the body ensures that all significant
unexpected findings are detected. However, there
may be objections to performing a full autopsy: for
example, in cases in which there is a hazard of infec-
tion not outweighed by the likelihood of significant
unexpected findings; or in cases in which the rela-
tives cannot tolerate the prospect of agreeing to a full
autopsy, but
examination.

Thus, a limited autopsy may be problem-oriented
by focusing on the organ or body cavity in which
there is the greatest clinical interest. Alternatively,
an anatomically more widespread examination may

might allow a less extensive

be made using endoscopic techniques not requiring
the large incisions or removal of organs for which
some relatives may withhold their agreement. These
techniques are described in Chapter 11 and have
recently been reviewed by Rutty (2007). Although
there are several individual cases reported in the lit-
erature, the most thorough evaluation of the
endoscopic, thoracoscopic and laparoscopic autop-
sies appears to be that reported by Avrahami et al.
(1995a) from Israel. They report 100 per cent con-
cordance between endoscopic and full autopsy
findings for major traumatic lesions, such as rup-
tured liver and spleen, but a lower correlation for

13
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some other lesions such as retroperitoneal abnor-
malities. Their experience appears to be derived
disproportionately from deaths due to trauma
where, in most countries, the legal requirement for a
full autopsy by dissection cannot be blocked by rela-
tives’ objections. The sensitivity of these techniques
seems to be unacceptably low for non-traumatic
lesions causing death (Avrahami et al., 1995b).

With needle autopsies, there is no gross informa-
tion other than from the external examination of
the body. However, the technique may enable rela-
tives to agree to a less disfiguring method of
autopsy investigation, provided they are aware of
the limitations. Needle autopsy, performed under
lawful circumstances, also enables very fresh tissue
(e.g. for microbiology, genetic studies or autolysis-
free histology) to be obtained very soon after death
irrespective of whether there is subsequently to be
full autopsy. The most recent published study
reports that a cause of death could be given in 67
per cent of needle autopsy cases (Huston et al.,
1996).

Role of the autopsy in advancing
medical knowledge

Our knowledge of diseases of the central nervous
system (CNS) and the heart relies greatly on autop-
sies. Three factors bear on this: first, diseases of the
CNS and heart account for the majority of deaths in
‘developed’ countries; second, these organs are the
least amenable to investigation (by biopsy) during
life; third, these organs, more than any other, have
the greatest symbolic significance and their emotive
associations underlie the reluctance of many rela-
tives to agree to their retention at autopsy. Autopsies
are still essential for the detailed characterisation of
diseases of the CNS and of the heart. Our knowledge
of variant Creutzfeldt-Jakob disease relies heavily
on the study of post-mortem brain tissue. The
autopsy should also be considered in protocols for
the verification of cause of death in clinical trials in
which death, or its avoidance, is an outcome meas-
ure; deaths in clinical trials may be due to the
intervention (e.g. unexpected fatal side-effect of the

treatment), to unrelated disease or to the condition
at the trial’s focus.

Some argue that the autopsy (‘seeing for oneself’)
is obsolete in an era of modern medical imaging and
clinical testing of presumed high reliability. Never-
theless, although the frequency of clinical errors
revealed by autopsies has declined (Sonderegger-
Iseli et al., 2000) - and the decline may well be due to
the use of autopsy data in clinical audit - it is still at a
level at which the autopsy may well be capable of
enabling a further reduction (see Chapter 22).

The molecular autopsy

DNA is robust enough for the reliable genetic analy-
sis of post-mortem tissue, even when it has been
processed into paraffin wax blocks and archived for
many years. Although RNA is more labile, viral
RNA has been recently extracted from lung tissue
from those who died in the influenza pandemic of
1918.

The potential of genetic analysis to further investi-
gate autopsy findings is illustrated by a search for the
factor V Leiden mutation in tissue from deaths due to
pulmonary embolism (Gorman et al., 1999); however,
the positive rate in 82 cases was so close to that of the
general population that routine testing would not be
warranted. Nevertheless, in cases of sudden unex-
pected death in which an inherited genetic cause may
underlie the fatal lesion, it can be worthwhile to use
post-mortem samples for molecular analyses where
no suitable ante-mortem material is available; the
findings could be used to counsel the family of the
deceased about their risks and about possible prophy-
lactic measures. This is, of course, important in
deaths from potentially heritable cardiac arrhythmia
syndromes (Tester and Ackerman, 2007).

The autopsy has an important potential role in
assessing the effectiveness and side-effects of gene
therapy. Autopsy not only enables the opportunity
to assess the extent to which gene therapy has amel-
iorated the disease for which it is given, but also
enables access to a wide range of tissue and cell types
in order to investigate the specificity of the localisa-
tion of retroviral vectors. This approach in a study of
32 autopsy cases has given important reassurance



that the retroviral vector was confined to the site of
inoculation (Long et al., 1999).

Improving communication

Surveys of hospital and community doctors gener-
ally show that they appreciate receiving autopsy
reports and that, in a high proportion of cases, the
findings are unexpected and could influence their
future clinical practice (Karunaratne and Benbow,
1997). Information from autopsies also has impor-
tant benefits for bereaved relatives; many bereaved
parents find it helpful to have a sensitive and rea-
sonably full explanation for the death of their child
in order to help them come to terms with their loss.
In a survey of family members of 102 patients who
died in a university teaching hospital in the USA, 88
per cent responded that they considered autopsy
beneficial, citing as reasons the advancement of
medical knowledge, comfort from knowing the
actual cause of death and reassurance that the clini-
cal care was appropriate (McPhee et al., 1986).
However, many family members complained about
the long delay in receiving information about the
autopsy findings.

Pathologists have been slow to apply modern
image capture and storage techniques to autopsies so
as to enable surgeons and physicians with commit-
ments in wards, operating theatres and clinics to view
autopsies at a time when living patients are not com-
peting with the dead for their attention. The stored
images may also be helpful in institutional risk man-
agement and in defending spurious litigation.

Autopsies could regain public and professional
support by improving the speed and quality of the
reporting process.

Increasing the autopsy consent rate

Some institutions have succeeded in maintaining a
high clinical autopsy rate or reversing a declining
rate — an even greater challenge. Factors contribut-
ing to a sustained high autopsy rate include: the
effective organisation, management and integration
of all aspects of the autopsy service; timely commu-
nication of autopsy findings to clinicians; and use of

Reviving the autopsy: conclusions

autopsy data in institutional risk management
(Haque et al., 1996). Other interventions used suc-
cessfully to reverse declining autopsy rates include
emphasising to relatives the quality-control benefits
of unexpected findings and training in the seeking
of consent. In one Swiss hospital, these strategies
increased the autopsy rate from 16 to 30 per cent
within 6 months and up to 36 per cent after 1 year;
when these interventions were discontinued, the
autopsy rate fell to 6 per cent (Lugli et al., 1999). The
importance of fully informing relatives of the value
of an autopsy and of close collaboration between cli-
nicians and pathologists has been borne out by other
studies (Clayton, 1992).

Reviving the autopsy:
conclusions

Reviving the autopsy, in terms of both autopsy rates
and quality, requires simultaneous attention to
many factors:

¢ better exposure of medical students to autopsies;

* improved mortuary design to create a more
attractive environment;

® better training of pathology trainees and a
greater commitment from senior staff;

* use of modern image recording and archiving to
enable clinicians to see and to discuss the gross
findings with the pathologist;

¢ improved public education about autopsies and
their benefits for the health of future patients
and of the nation;

* application of modern laboratory methods in
the post-mortem detection of genetic and
biochemical abnormalities.

There is a huge task to be done in educating the
public generally about the examination of the body
after death so that, as bereaved relatives, they are
better prepared to come to terms with autopsies
either when required by law or when requested for
clinical reasons. We also need to raise awareness of
the importance of being able to keep tissues and,
sometimes, whole organs from autopsies. After all,
many spouses and close relatives already have
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discussions about the disposal of their bodies -
expressing a preference for burial or cremation or
some other lawful process — and this could lead on
naturally to declaring preferences about autopsy
consent and tissue and organ retention, provided
that the relevant information is made available to
assist such decisions. In this respect, the production
of information leaflets for the public and bereaved
relatives is important for the revival of the autopsy.
Nevertheless, even now, bereaved relatives are more
likely to give autopsy consent more often than they
are given the opportunity by clinicians to do so.
However, perhaps it is mistaken to judge the cur-
rent status of the autopsy on the basis of the number
performed. Maybe, as Hall (1999) suggested, we
need even fewer autopsies but performed to a much
higher standard and directed to answering specific
questions. By restricting the autopsy to a post-
mortem examination intended to answer only the
unresolved clinical questions - the problem-
oriented autopsy - and to conform to the require-
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You may take notes for 20 years, from morning to night at the bedside of the sick, upon the diseases of the

viscera, and all will be to you only a confusion of symptoms, ...

bodies and this obscurity will disappear.

Introduction

As discussed in Chapter 1, human dissection and the
autopsy have always played a central role in medical
education. With some notable exceptions, such as
the application of imaging and more sophisticated
toxicology, the technical aspects of the autopsy have
changed little in 50 years. In contrast, undergraduate
medical education has undergone dramatic changes
during the past two decades. World-wide, there have
been efforts to reduce information overload and to
encourage students to be more self-directed in their
learning.

The continuing decline in the autopsy rate and
the modernisation of curricula mean that autopsies
now play a less prominent role in the education of
undergraduates and doctors. In many medical
schools around the world students now graduate
without ever seeing an autopsy. Some students find
autopsies unpleasant, with concerns ranging from
the minor - the unpleasant smell - to those suggest-

a train of incoherent phenomena. Open a few

Bichat (1771-1802)

ing that the students were in considerable distress.
However, to omit autopsy-based teaching is to lose a
wealth of educational material.

This chapter considers the many and varied edu-
cational roles of the autopsy and discusses the
advantages and disadvantages of using autopsies to
teach undergraduates and postgraduates from out-
side the pathology department. In addition, the ways
in which autopsy-based teaching can be successfully
delivered are discussed.

Before the modern medical
curriculum

Many students and clinicians believe that the only
purpose of autopsies is to determine the cause of death
(Benbow, 1990a). In a positivistic questionnaire-based
study of medical student attitudes to the autopsy
undertaken prior to the introduction of a ‘modern’
medical curriculum at the University of Manchester



(UK), Benbow demonstrated that students perceived
the autopsy to be a valuable part of their training. In
the early 1990s students reported that they found the
autopsy useful because it increased their understand-
ing of anatomy and of disease processes, and because
attendance at such examinations would equip them
with the knowledge needed to counsel relatives and
seek consent for autopsies in the future (Talazaar et
al., 1987; Benbow, 1990a).

Not all students found the experience to be posi-
tive and rewarding. Some students objected to
viewing autopsies, considering them to be distaste-
ful, irrelevant to medical practice, an unnecessary
mutilation. Additionally students raised religious
objections or found it emotionally stressful to wit-
ness the autopsy of a patient they had cared for in life.
Some students were concerned by the lack of respect
shown for the deceased by both staff and students
(Benbow, 1990a, 1991). Students’ concerns ranged
from the minor - the unpleasant smell - to those sug-
gesting that the students were in considerable
distress: ‘attending a PM is the worst thing T have ever
done’, and ‘overtaken with pain, grief and palpita-
tions and burst into tears’ (Benbow, 1990a).

At about the same time, on the other side of the
Atlantic, Hilland Anderson (1991) identified a series
of educational goals that could be achieved through
the study of autopsies and which were regarded as
important by a panel of 98 pathology educators
attending an Association of Pathologists workshop
in Colorado, USA. To a large extent the results mir-
rored those of earlier studies (DeRoy, 1976). These
goals included using the autopsy to teach clinical
pathophysiology and anatomy, clinicopathological
correlation, the gross anatomy of disease, and the
role of the autopsy in forensic medicine. Moreover,
they found that the autopsy had a role in sharpening
students’ visual skills, and that it provided a medium
by which students could learn about death certifica-
tion, clinical audit, death statistics, the fallibility of
medical diagnostics, the problem-based nature of
medicine, the monitoring of new drugs and technol-
ogy, and dealing with bereaved relatives (Hill and
Anderson, 1991).

Medical education underwent dramatic reforms
in the mid-1990s. In the UK, these were largely

Should students be exposed to autopsies?

driven by the General Medical Council’s publication
Tomorrow’s Doctors (1993), which called for a reduc-
tion in factual content and which limited the amount
of staff-student contact time within the curricula.
Similar changes were taking place around the world,
and were associated with an increasing trend
towards integrated self-directed and problem-based
learning. A 1996/1997 survey in the USA revealed
that there had been a decline in the amount of cur-
ricular time devoted to pathology teaching and that
there was a move away from lecture-based teaching
towards small-group discussion, with supplemen-
tary use of computer-assisted learning (Kumar et al.,
1998). Only 21 per cent of schools followed a ‘tradi-
tional’ didactic curriculum and 40 per cent of
schools required students to participate in autopsies.
Attendance at autopsies was optional in a further 52
per cent of US medical schools (Kumar et al., 1998).
Verma (1999), in contrast, found that medical stu-
dents at the University College of Medical Sciences,
Delhi, were knowledgeable about the procedures
and values of autopsies.

In the UK, further curricular developments have
followed the revision of Tomorrow’s Doctors in 2002.
Ongoing revisions and improvements can be
expected for the foreseeable future. At the same
time, autopsy rates — especially non-medicolegal
autopsy rates — have declined around the world
(Burton and Underwood, 2003, 2007). It has there-
fore been important to determine what roles, if any,
the autopsy might continue to play within a modern
medical curriculum.

Should students be exposed to
autopsies?

The autopsy is still widely accepted as a powerful
teaching tool. As discrete general and systems-based
pathology courses have been removed from under-
graduate medical curricula, and as clinically
requested autopsies become infrequent, it has
become more difficult to schedule time in curricula
for students to encounter the autopsy. World-wide,
there has been a shift towards student-centred prob-
lem-based self-directed learning. The autopsy is an
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ideal teaching tool in such circumstances - the
autopsy process epitomises a problem-based
approach. Ideally, all students will be exposed to
autopsies during their undergraduate training.
Autopsy findings can be used as the basis for prob-
lem-based learning projects. As a bare minimum,
provision should be made for those students with a
special interest to pursue a special study component
that includes autopsy work (Nash, 2000). Currently,
the 20 per cent of medical students in the USA who
undertake pathology electives see an average of eight
autopsies, but the remaining 80 per cent see an aver-
age of zero autopsies (Horowitz and Naritoku, 2007).
Pathologists engaged in autopsy practice should
charge themselves to expose students to autopsies to
ensure that:

the autopsy becomes an essential part of the
undergraduate medical curriculum so that
medical students understand the role and value of
an autopsy in the delivery of optimal health care,
teaching, and for basic and applied research.

(Gotleib and Butany, 2005)

The autopsy as a sustainable
teaching tool

Several studies (Welsh and Kaplan, 1998; Ferguson
et al., 2004) have indicated that residents — responsi-
ble for seeking consent for autopsies — must receive
structured training which emphasised the impor-
tance of the autopsy if undergraduate autopsy
teaching is to remain viable and sustainable. Sadly,
Short et al. (2000) found that most residents attend-
ing the American Medical Association’s Annual
Meeting in June 1999 had not received formal train-
ing in the requesting of autopsies. Junior doctors in
the UK are similarly unprepared for requesting
autopsies (Carr et al., 2004).

Consent and the educational
autopsy

It has long been standard practice for consent to be
sought before students examine patients as part of

their training. Where intimate examinations are to
be performed by the student while the patient is
under general anaesthesia, the student or supervis-
ing clinician typically seeks written consent from
the patient in advance. Traditionally, the autopsy has
been used to teach students and junior doctors with-
out the consent of either the deceased or the relatives
of the deceased. Such a practice is now to be consid-
ered paternalistic and inappropriate. When consent
from relatives is being sought for the performance of
the autopsy, the opportunity should be taken to seek
consent for students to be present to observe the
examination. It must be remembered that in most, if
indeed not all, jurisdictions medicolegal authorities
do not themselves have the power to permit the
autopsy to be used for teaching purposes. Here con-
sent must be sought specifically from the relatives of
the deceased to use the autopsy for teaching, with
the permission of the medicolegal authority (Burton,
2001).

Occasionally, human tissues used to teach medi-
cal students themselves are brought for medicolegal
autopsy (Bhardwaj et al., 2007). Care must always be
taken that human tissues used in teaching are
retained only with appropriate consent and, at the
end of their useful teaching lifetime, that they are
disposed of appropriately.

Advantages and disadvantages
of autopsy-based teaching

Curriculum design is, to some extent, an exercise in
pragmatism because all teaching modalities have
advantages and disadvantages. Those for the autopsy
are listed in Table 3.1. For maximum benefit, expo-
sure to autopsies must be relevant and, ideally,
integrated with other activities in the curriculum,
and included not just because the pathology depart-
ment hopes that one student per year will become a
pathologist! There should be specific educational
aims and learning objectives for the inclusion of the
autopsy in the curriculum: the amount of staff-
student contact time is limited in many curricula and
therefore time spent on one activity has the opportu-
nity cost of time lost from another. Students should
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Table 3.1 Advantages and disadvantages of autopsy-based teaching

Advantages Disadvantages

Experiential learning

Memorable learning experience

Problem-based learning in action

May encourage students to become pathologists
May detect students with attitudinal problems

Time-consuming

Health and safety risk

Physically unpleasant/frightening

May discourage students from becoming pathologists

Expensive and underfunded

Low caseload makes scheduling difficult

Unsophisticated

Presents a biased view of disease prevalence

Demonstrations provide an artificially sanitised view of the autopsy

After Benbow (1990a,b); Morohashi (1998); Burton (2003); Fales-Williams et al. (2007); Horowitz and Naritoku (2007).

be prepared for their experience by giving them some
notion of the sounds, sights and smells that will assail
them in the post-mortem room (Burton, 2003).
Appropriately integrated, the autopsy is a powerful
teaching tool. It is principally regarded as an opportu-
nity for students to hone their anatomical and
pathological knowledge and develop their skills in
clinicopathological correlation (Box 3.1), but its uses
are not limited to this. Traditionally it has formed a
bridge between lecture- and laboratory-based didac-
tic teaching and ward- and operating theatre-based
experiential learning. Certainly it provides a link
between the grey rigid tissues of the embalmed
cadaver and the fresh living detail seen at surgery.
The newly dead can present an opportunity for
the teaching of life-saving skills to medical students
and junior doctors, either in the emergency room or

Box 3.1 What the autopsy can be used to teach

The autopsy provides opportunities to teach
students about:

gross pathology

anatomy

clinicopathological correlation

the processes of death

what happens to bodies after death
an holistic approach to medicine
what the autopsy entails (allows students to seek
consent in the future)

health and safety practices

medical law

practical procedures

medical fallibility and medical errors
medical ethics

audit and clinical governance

After Oman et al. (2002); Burton (2003); Carr et al. (2004); Gotleib
and Butany (2005).

at autopsy. Studies have suggested that practice is
acceptable, particularly among those adults willing
to volunteer their dead body for medical science,
autopsy or organ donation, provided that consent is
obtained (Oman et al., 2002; Burton, 2003).

Autopsies and the hidden
curriculum

The hidden curriculum runs alongside this and,
while often forgotten, can have important impacts
on the student that can be either positive or negative.
‘Curriculum’ is a complicated concept which
includes not only what is to be taught (and what
actually is taught) but also considerations of: to
whom it is to be taught; how, when and where it is to
be taught; and how the material is to be assessed
(Burton and McDonald, 2001). The curriculum will
have overtly stated aims (what the curriculum
intends to deliver) and objectives (what the students
can do having received the curriculum). By way of
contrast, the hidden curriculum has been variously
defined but can be simply regarded as the attitudes
and values unwittingly transmitted to students both
by what is (and is not) taught and how such teaching
features in the curriculum (Burton, 2003). The stu-
dents and staff may not be consciously aware that
the hidden curriculum is being delivered.

The hidden curriculum sees attendance at an
autopsy as a rite of passage, in which students expe-
rience something that sets them apart from the
general population. The student gains a sense of
belonging to the medical profession but at the cost of
suffering an ordeal. Students are faced with their
own mortality, and are encouraged to develop a
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sense of clinical detachment. Witnessing autopsies
may encourage or discourage students in their desire
to become pathologists, and may increase (or
decrease) the credibility of their ward-based tutors.
Presented appropriately, the autopsy encourages stu-
dents to treat patients, be they alive or dead, with
respect but there is a risk that students will be
encouraged to view the body as an object. Some stu-
dents will find the experience of autopsy-based
teaching so unpleasant that they are discouraged
from requesting autopsies when they have their own
clinical practice (Burton, 2003).

Autopsy teaching modalities

The autopsy can be harnessed for teaching in several
ways. Students may be invited to the mortuary indi-
vidually or in pairs to witness the examination being
performed in toto from external examination to
reconstruction. Alternatively, many students experi-
ence the autopsy in the form of an autopsy
demonstration, attending the mortuary in groups
once the examination has been completed to discuss
the clinical history of the patient and to view the
gross (macroscopic) findings in organs and organ
slices that have been laid out in trays. These can be
difficult to schedule in mortuaries with a low case
load. The pathologist may only become aware that
an autopsy that can be used for teaching is available
at the start of the day that it is to be performed. It can
be difficult to have this information relayed to stu-
dents. The pathologist will also need to be kept
abreast of the students’ timetables so that the dem-
onstration is scheduled for a time that is amenable to
both pathologist and students. In the most limited
form of exposure, students encounter digital images
or museum specimens retained (with appropriate
consent) from autopsies either in tutorials or as part
of collections held in museums or on-line. The
choice of teaching modality has an impact on effi-
cacy and efficiency (Fig. 3.1). Few students can
attend an individual autopsy but each is likely to
derive maximal benefit from this exposure. Images
and museum specimens can be used to teach large
numbers of students at once (they are time-efficient)
but at the cost of a much lower impact.
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Figure 3.1 Efficacy and effectiveness of autopsy teaching
modalities.

Relatively little has been published on the use of
technology in autopsy teaching, although a small
literature does exist on its use in teaching animal
and human anatomy (which is analogous to autopsy
teaching in the sense that a body is used for a
demonstration). This suggests that
computer-assisted learning techniques (Quentin-
Baxter and Dewhurst, 1992, pp 27-33; Gunn and
Maxwell, 1996, pp 205-15; Garvin and Carrington,
1997) and interactive laser video discs (Guy and
Frisby, 1992; Quentin-Baxter and Dewhurst, 1995;
Zirkel and Zirkel, 1997) may be successfully used to
supplement or replace actual dissection, and support
directed self-learning. Such resources can be time-
consuming and expensive to produce.

As autopsy numbers decline, video presentations
can be used to allow students to witness the compo-
nents of an autopsy examination. They allow large

practical

numbers of students to receive a uniform experi-
ence, at a time that is suitable to the student; but they
are expensive and time-consuming to produce and
they lack the physical impact provided by being able
to touch and smell the tissues (Burton and Rutty,
2000; Burton, 2003). Such videos can be used to pre-
pare students for their experience in the post-mortem
room. Videos can also be used to demonstrate spe-
cialised dissection techniques (such as those
described in Chapter 11) to trainee pathologists
(Burton et al., 2004). Several studies (Goudie et al.,
1988; Brebner et al., 1997a,b; Hunt et al., 1997) have
shown that autopsy demonstrations may be deliv-



ered via a video link to a classroom, obviating the
need for students to come to a cramped mortuary
viewing gallery. Indeed, there is no need for the
autopsy and the students to be in the same building
or even in the same country! Brebner et al. (1997a,b)
demonstrated autopsies performed live in Aberdeen
(UK) to students in Al Ain city in the United Arab
Emirates via a telepathology link, though such
methods are expensive.

Preparing students to see
autopsies

Students who wish to attend a post-mortem exami-
nation should be reminded of the need to bring some
form of identification with them (typically their stu-
dent union membership card or hospital name
badge) to confirm that they have a valid reason to be
present in the mortuary. Photographic identification
is preferable.

Some thought should be given to providing stu-
dents with preparatory materials before they attend
the mortuary to see an autopsy. The pathologist
must be satisfied that the student is appropriately
vaccinated to work in the mortuary. This is rarely a
problem for students who are working on the wards,
but may be of concern with students in the preclini-
cal component of their studies. It must also be
remembered that autopsies where the deceased is
known to have a hazard group 3 pathogen (tubercu-
losis, HIV, etc.) are not suitable for student teaching
(Chapter 6). Students should be asked to leave the
mortuary if, on opening the body, it is discovered
that the deceased has tuberculosis.

The pathologist who routinely works in the mor-
tuary can easily forget how distressing it can be to
see a ‘fresh” human body dissected. Students should
be advised that an autopsy comprises a review of the
available clinical history, an external examination,
evisceration of the internal organs, dissection and
sampling of the internal organs, and reconstruction
of the body. It can be helpful to remind them that the
post-mortem suite is frequently noisy, that oscillat-
ing saws are used, that the body tissues will smell,
that they will see blood, and that the incisions made

Autopsy teaching and non-medical personnel 23

are large. Whether decomposed bodies are appro-
priate to be used for teaching is a matter best left to
the discretion of the individual pathologist. Given
the physically unpleasant nature of bodies in an
advanced state of decomposition, such cases are
probably best not used as a student’s first encounter
with the autopsy.

Students can be prepared for attending the mor-
tuary by requiring them to view videos of an autopsy
in advance. It should be made clear whether or not
they will be expected to view the autopsy from the
viewing gallery or to change into the appropriate
personal protective equipment and attend on the
autopsy room floor. The latter is practical when only
one or two students are present. Larger numbers
may be accommodated in the viewing gallery, par-
ticularly if audiovisual equipment is available to
allow the dissection to be displayed on monitors.

On arrival, the student must be made aware of the
health and safety regulations that apply in the mor-
tuary, and the locations of the clean and dirty areas
within the mortuary. The pathologist should ensure
that students entering the ‘dirty’ areas of the mortu-
ary are correctly attired in appropriate health and
safety equipment. Ideally, the student will wear the
same equipment as the pathologist performing the
autopsy so that they may feel the pathological
changes in the organs as well as see them.

Autopsy teaching and
non-medical personnel

The autopsy has a valuable role in the teaching of
non-medical personnel, including nurses, police
officers, ambulance technicians, paramedics and
scene-of-crime officers. All of these professional
groups can be expected to have contact with the
dead and some will be required to be present during
the performance of autopsies. An understanding of
the techniques employed during autopsy examina-
tion is therefore valuable. In addition, the autopsy
can be used to teach nurses and paramedics the
importance of leaving medical devices in situ when
preparing the body for the mortuary. Police officers
can be trained during autopsies on victim identifica-



24 The autopsy in medical education

tion and can receive specialist training pertaining to
handling bodies that have been contaminated chem-
ically, biologically or by radiation. The latter should
be extended to anatomical pathology technologists
(and other autopsy pathologists), and this teaching
can be undertaken using bodies that are not
contaminated.

In this way, the various professional groups will
have prior experience and will not face the dangers
of having their first experience with an actually con-
taminated body.

Education through research

Ultimately, our knowledge of medicine is accrued
through research, whether it be the study of books or
the study of bodies. The use of the autopsy as an edu-
cational research tool, once common, has now
declined. Autopsies remain a valuable source of
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Introduction

In England and Wales there are two key sets of legis-
lation that govern autopsies (also referred to as
post-mortems): the Human Tissue Act 2004 (here-
after, the ‘HT Act’) and the Coroners Act 1988. This
chapter gives information on each of these and what
they mean, both for the professionals undertaking
post-mortem examinations and for the families of
the deceased. The comparable legislation in Scot-
land, the Human Tissue Act (Scotland) 2006, has
some differences, which are referred to later in this
chapter. In Northern Ireland the comparable legisla-
tion is the Coroners (Northern Ireland) Act 1959 and
the Coroners (Practice and Procedures) Rules
(Northern Ireland) 1963 as well as the HT Act.

The request for a pathologist to undertake a post-
mortem will generally come from one of two sources.

® Request from a coroner. This is required under
the coroner’s powers contained within the
Coroners Act 1988. While issues of consent for
the autopsy or initial tissue retention do not
arise as coroners’ autopsies are exempt from the
consent requirements of the HT Act, there are
requirements under the Coroners (Amendment)
Rules 2005 in respect of tissue retention and
under the HT Act as regards the storage and
disposal of retained tissue.

® Request from a clinician or clinical team.
Hospital (or consented) autopsies, now

Tissue retention in the coronial autopsy .............. 34
Disposal . ...........c. i 36
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comparatively rare, arise where clinicians have
approached the next of kin or other appropriate
person for permission to investigate issues where
the cause of death is known and there is no
other reason for coronial involvement. In these
cases, issues of consent and other matters arise
under the HT Act.

Because the HT Act is interwoven through the process
of hospital autopsy and, from the pathologist’s point of
view, also through the coroner’s autopsy, some expla-
nation of that Act is set out to give the reader an initial
understanding of its key requirements.

The Human Tissue Act 2004

In England, Wales and Northern Ireland, post-
mortem examinations are subject to the requirements
ofthe HT Act, which repealed and replaced the Human
Tissue Act 1961, the Anatomy Act 1984 and the Human
Organ Transplants Act 1989 as they related to England
and Wales. Scotland has its own Act, the Human
Tissue (Scotland) Act 2006, which is discussed sepa-
rately here towards the end of this chapter.

The HT Act, which came into effect in full on 1
September 2006, provides the legal framework for
the removal, storage and use of human organs and
tissue for a number of purposes defined in the Act,
referred to as scheduled purposes (one of which is
determining the cause of death). It established the
Human Tissue Authority (HTA; www.hta.gov.uk) as


www.hta.gov.uk

the regulatory body responsible for ensuring com-
pliance with the HT Act and sets out the licensing
framework which requires that a number of activi-
ties, including post-mortem examinations, can only
be carried out under the authority of a licence
granted by the HTA.

The change in the legislation resulted in part
from two public inquiries that took place in England
between 2000 and 2003, known as the Kennedy and
Redfern inquiries, and the subsequent Isaacs Report,
all of which established that the removal of organs
and tissue from adults and children during post-
mortem examination, and their subsequent storage
and use without proper consent, had been common
practice. An additional impetus was the 2001 publi-
cation of the report The Removal, Retention and Use
of Human Organs and Tissue from Post-mortem
Examination, which recommended a complete over-
haul of the law on the removal and use of organs and
tissue taken from people during surgery or after
death. The resulting consultation document, Human
Bodies, Human Choices, set out proposals on how
the law might be changed; these proposals formed
the basis of the new legislative framework.

The main body of the HT Act is divided into three
parts.

* Part 1: Removal, Storage and Use of Human
Organs and Other Tissue for Scheduled Purposes.
This deals with consent, when it is required, and
who may give it; it also sets out the offences
under the Act and associated penalties. It is
worth noting that, under section 5, the
maximum penalty for an offence against the
consent requirements is imprisonment for up to
3 years and/or a fine.

* Part 2: Regulation of Activities Involving Human
Tissue. This establishes the Human Tissue
Authority and its remit and, amongst other
things, defines the regulatory and licensing
system, including the penalties for breaching the
licensing requirements.

* Part 3: Miscellaneous and General. This is
concerned with various important
supplementary issues and general provisions,
including the HTA’s powers of inspection.
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This chapter of the book references relevant content
in Parts 1 and 2 of the HT Act, and aims to provide
simple guidance on the key statutory requirements
relating to consent and licensing.

The HT Act’s legislative framework for the stor-
age and use of material from human bodies and the
removal of material from deceased bodies requires
that there be appropriate consent for these activities,
and that establishments where removal, storage and
certain other actvities take place be regulated
through a system of licensing and inspection. (What
is meant by ‘appropriate’ consent is explained later
in this chapter.)

It is a complex piece of legislation and many of its
requirements relate to several different sectors where
the use of human organs and tissue is common
(including research, anatomical examination and
transplantation). For the purposes of this chapter,
unless stated otherwise, explanation is given with
reference to post-mortem examination only. Readers
with interest in the use of organs and tissue in other
areas should refer directly to the legislation and
associated Regulations, and to the HTA’s codes of
practice for guidance.!

Section 1 of Part 1 of the HT Actlists the activities
that are lawful if done with appropriate consent.
These include the storage and use of bodies of
deceased people for what is known as scheduled pur-
poses and the removal, storage and use of tissue that
has come from bodies of deceased people for use for
scheduled purposes. Note that consent is not retro-
spective and an exemption under section 9 of Part 1
of the HT Act means that ‘existing holdings’ (e.g.
blocks and slides held immediately before the day
the HT Act came into force) are not subject to the
consent requirements.

Scheduled purposes, which are defined in Sched-
ule 1 of the HT Act and which are explicitly linked to
licensable activities, are divided into two groups:

! Throughout this chapter, references are made to the
HTA codes of practice on post-mortem examination and
consent. HTA codes of practice give practical guidance to
professionals carrying out activities that fall within the
HTA’s remit and adherence to them is assessed as part of
the HTA’s licensing and inspection process.
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Box 4.1 Scheduled purposes in the Human Tissue Act
2004

Purposes requiring consent: general

1. Anatomical examination

2. Determining the cause of death

3. Establishing after a person’s death the efficacy of
any drug or other treatment administered to him/
her

4. Obtaining scientific or medical information about
a living or deceased person that may be relevant
to any other person (including a future person)

5. Public display

6. Research in connection with disorders, or the
functioning, of the human body

7. Transplantation

Purposes requiring consent: deceased
persons

8. Clinical audit

9. Education or training relating to human health
10. Performance assessment
11. Public health monitoring
12. Quality assurance

purposes for which consent is always required and
purposes for which consent is required only when
the tissue is from the deceased. For ease of reference
and for interest, they are listed in Box 4.1 as they
appear in the Act.

Section 16 of Part 2 of the HT Act specifies the
activities that can take place only under the author-
ity of a licence. There are three that are relevant to
post-mortem examination:

* 16(2)(b) - the making of a post-mortem examination;

* 16(2)(c) - the removal from the body of a
deceased person (otherwise than in the course of
the carrying out of an anatomical examination
or the making of a post-mortem examination) of
relevant material of which the body consists or
which it contains for use for a scheduled purpose
other than transplantation;

* 16(2)(e) i and ii - the storage of the body of a
deceased person or relevant material which has
come from a human body for use for a scheduled
purpose.

An establishment licensed by the HTA for storage or
removal may store or remove tissue for any of the

scheduled purposes listed above (with the exception
of anatomical examination) provided that appropri-
ate consent is in place. (Further details about the
licensing framework are given towards the end of
this chapter.)

So, the HTA'’s role extends to ensuring that post-
mortems and the removal and retention of any tissue
are undertaken on suitable premises licensed for
that purpose and with appropriate consent.

We have seen that under Part 1 of the HT Act, the
removal, storage and use of organs and tissue from
the deceased for scheduled purposes are all activities
that require appropriate consent. Although deter-
mining the cause of death is one of the scheduled
purposes, the HT Act goes further by defining the
making of a post-mortem examination as an activity
in its own right. In practical terms, this means that,
where required, separate consent should be obtained
for the post-mortem itself and for the subsequent
storage and use of any tissue retained during the
post-mortem.

A post-mortem takes place because it has been
requested by a clinician and agreed to by the
deceased person’s relatives, or because the coroner
considers it necessary, whether as part of a homicide
investigation by the police or otherwise. Under the
HT Act, the post-mortem must take place on
licensed premises, whatever the reason for the exam-
ination. However, there are two exceptions to the
consent requirements.

* The first is where the post-mortem and any
removal and subsequent storage of organs and
tissue are authorised by the coroner.

* The second is where there is retention of tissue
beyond the coroner’s remit as part of a homicide
investigation by the police.

These are explained in detail later in this chapter.
Before beginning any post-mortem, the patholo-
gist must be satisfied that the post-mortem and any
removal, storage or use of tissue have been properly
authorised, either by those close to the deceased
(who have given their consent) or by the coroner.
Although not a statutory requirement, the HTA rec-
ommends that wherever possible there should be
written consent or instruction from the coroner.
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A hospital post-mortem - that is, one that has been
requested by a clinician for the purposes of learning
more about the nature or progress of a disease -
should be considered or requested only where the
cause of death is already known in sufficient terms
for the clinician to have completed a medical certifi-
cate as to the cause of death. If this cannot be done,
the case should be referred to the coroner without
discussing a hospital autopsy with the relatives.

Appropriate consent must be obtained from the rel-
atives or those close to the deceased person before the
post-mortem can be undertaken, unless the person
who has died already consented while they were alive.
It is usually the deceased person’s clinician and mem-
bers of the clinical team who will approach the family
about the possibility of a post-mortem, knowing the
patient’s medical history and what learning might be
gained from an autopsy. The HTA code of practice on
consent gives detailed guidance on how to ensure that
those giving consent have everything they need to
enable them to make a fully informed decision. It
advises that full details of the consent (including when
it was obtained and the purposes for which it was given)
should be noted in the patient’s medical record,
although ideally the consent should be given in writing.
Consent must be obtained for all types of post-mortem
examination, including those that are non-invasive.

In its code of practice on post-mortems, the HTA
stresses the need for those taking consent to be com-
petent to do so. It advises that

those seeking consent for hospital post-mortem
examinations should be well informed, with a
thorough knowledge of the procedure. They should
be trained in how to seek consent and it is
preferable for them to have observed a post-
mortem examination and have had training in
bereavement management.

In particular, they will need to understand the
meaning of ‘appropriate’ consent.

In the HT Act, consent is appropriate if it has been
given by a person identified in the Act as being able
to give consent and there is a hierarchy that must be
observed.
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* First, consent may be given by the dying person.

¢ If consent from the person was not given, it may
be given by his or her nominated representative.

o If there is no nominated representative, a person
in a ‘qualifying relationship’ to the deceased
immediately before death may give consent.

The HTA advises that, where an adult consented to a
post-mortem before dying but those close to the
person subsequently object

they should be encouraged to accept the deceased
person’s wishes, and it should be made clear that

they do not have the legal right to veto or overrule
those wishes.

In practice, healthcare professionals should make
decisions on a case-by-case basis, mindful of the
needs of the bereaved and the potential impact of
proceeding with the post-mortem in light of strong
opposition from the family.

Where consent for a hospital post-mortem has
not been given by the person in life, the deceased
person’s nominated representative is the next in the
hierarchy. When seeking consent from a nominated
representative (or indeed from a person at the next
level of the hierarchy, someone in a qualifying rela-
tionship), full and clear information should be
provided about the post-mortem ensuring that they
are able to make a properly considered decision.

Section 4 of Part 1 of the HT Act sets out how an
individual can appoint one (or more) nominated
representatives who may give consent. A nominated
representative can consent to the autopsy itself and
also to the removal, storage or use of tissue for any of
the scheduled purposes (other than anatomical
examination or public display). The HTA’s code on
consent advises that

if the deceased person appointed more than one
nominated representative, only one of them needs
to give consent, unless the terms of the
appointment specify that they must act jointly.

Consent from a nominated representative cannot
be overridden. However, the HT Act allows the
nomination itself to be disregarded in some
instances, for example if the nominated representa-
tive cannot be located.
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Where there is no consent from the dying person
and he or she has not appointed a nominated repre-
sentative, consent may be given by someone in a
‘qualifying relationship’ to the deceased immedi-
ately before death. The HT Act lists those in a
qualifying relationship to the deceased person in
section 27 of Part 2. They are, in order of ranking:

® spouse or partner, including civil or same-sex
partner;

e parent or child (in this context a ‘child’ can be
over the age of 18);

* brother or sister;

¢ grandparent or grandchild;

* niece or nephew;

¢ stepfather or stepmother;

¢ half-brother or half-sister;

e friend of long standing.

The HTA code of practice on consent states that:

consent is needed from only one person in the
hierarchy of qualifying relationships and should be
obtained from the person ranked highest. If a
person high up the list refuses to give consent, it is
not possible to act on consent given by someone
further down the list; for example, if a spouse
refuses but everyone else would give consent, the
wishes of the spouse must be respected.

It is important to note that if there is no one available
in a qualifying relationship to give consent, the post-
mortem examination cannot proceed.

Relationships listed together (e.g. ‘brother or
sister’) have equal ranking, and consent may there-
fore be obtained from just one of them. For example,
if the deceased person had no spouse but several
children, the consent of only one of the children
would be required. Difficulties may arise where
there is conflict between individuals with equal
ranking. The legal position is that the consent of
only one of those ranked equally in the hierarchy is
sufficient for the post-mortem to be undertaken.
However, this situation needs to be handled with
sensitivity and discussed with all parties and, as
there is no legal requirement to undertake hospital
post-mortems, the needs of the bereaved should be
considered.

Under section 27(8) of Part 2 of the HT Act, a
person in a qualifying relationship need not be taken
into account if they do not wish or are unable to deal
with the issue of consent, or it is not reasonably prac-
ticable to communicate with them in good time. In
these cases, the next person in the hierarchy would
become the appropriate person to give consent.

Section 2 of Part 1 of the HT Act relates to appro-
priate consent from children. The HT Act defines a
child as someone aged under 18 years. (Under the HT
(Scotland) Act, a child is defined as being under 16
years old.) Although a child cannot appoint a nomi-
nated representative, in all other ways the position of
a child who, before dying, was competent to consent
to the post-mortem is no different from that of an
adult and the child could consent to the post-mortem
itself and to the removal, storage or use of tissue for
scheduled purposes. However, although the HT Act
sets out the circumstances in which consent may be
given by a child, it is unlikely that a child would be
approached and appropriate consent would come
from the person who had parental responsibility for
the deceased child, usually a parent. In the absence of
a person with parental responsibility, a person in a
‘qualifying relationship’ to the child may consent.

Note that anyone consenting to a hospital post-
mortem has the right to change their mind, and the
HTA recommends allowing 24 hours to pass before
proceeding with the autopsy.

The HT Act does not deal with matters relating to
the results of post-mortems and how these should be
communicated to relatives, but the HTA gives the
following guidance:

There may be occasions where the deceased person
expressed a specific wish before death that
information should not be shared with relatives
and this should be respected as far as possible. Care
should be taken regarding the possible disclosure of
information, such as genetic information or HIV
status, which the deceased person may not have
wished to be disclosed, or which may have
significant implications for other family members.
Healthcare professionals should judge whether it is
appropriate or not to disclose information about
the deceased’s medical history, as well as any other



sensitive information that the hospital or coroner
may hold about the deceased, that the family may
not necessarily be aware of. In other circumstances,
it may be necessary to share sensitive information
with the family if the results of the post-mortem
examination have the potential to affect them or
other relatives. Legal advice should be sought on
any legislative restrictions on disclosure.

The coronial autopsy

A coroner can require an autopsy to be undertaken
to assist in his or her statutory function of establish-
ing the cause and circumstances of any death where
there is reasonable cause to suspect that the death is
unnatural or of unknown cause.

It is sometimes said that the remit of a coroner’s
autopsy is limited to establishing whether a death is
natural or unnatural. That is not strictly correct, for
in general a specific cause of death will be necessary
for the death to be registered. In those few cases where
the cause remains unascertained, despite autopsy, an
inquest must be held. Where the cause of death is
unnatural, the autopsy is a valuable part of the coro-
ner’s inquiry to establish ‘how’ the death came about
and evidence of injury or results of ‘special examina-
tions’ such as toxicology often help establish far more
than the bare medical cause of death.

Nonetheless, it is true that the coroner’s autopsy is
far removed from the academic hospital autopsy
aimed at establishing precise details of medical sci-
ence. The coroner’s autopsy is sometimes criticised
for this, being seen as a shortcoming, but it must be
remembered that this is an examination directed by
the state, often against the preferences of the family.
It is therefore right that it is strictly limited by law,
both as to need and extent.

Reform

The Coroners and Justice Act 2009 was given Royal
Assent in November 2009 but most provisions will
not come into effect until April 2012 at the earliest.
The new Act, whilst it will eventually replace the 1988
legislation in its entirety, does not make wholesale
practical changes to current practice in relation to
autopsies. It remains to be seen what effect Rules and

The coronial autopsy 31

Regulations written to support the new Act will have;
first consultations on these are likely in late 2010.

However, the plans to introduce a ‘Medical Exam-
iner’ set out in the new Act may assist in narrowing
the focus of autopsies to cases that are properly
deserving. Further comment thereon is outside the
remit of this chapter

The coroner’s power to take jurisdiction
and require an autopsy

The coroner does not have unlimited powers to
inquire into a death or demand an autopsy. The basic
right to take jurisdiction over a death is set out in
section 8 of the Coroners Act 1988, which requires
the coroner to hold an inquest if there is reasonable
cause to suspect that the death:

e was violent or unnatural; or
e was sudden and of unknown cause; or
* occurred in prison.

Section 8(1)(c) also makes requirements where the
death occurred ‘in such circumstances as to require
an inquest under any other Act’ but there are no
such other legislative needs at present.

Note that the custody provision applies simply by
virtue of where the death occurs and there is no
requirement for an unnatural or unknown cause,
nor that the deceased is even a prisoner. However,
the 1989 case of R v. Inner North London Coroner ex
p Linnane [1989] 1 WLR 395 makes clear that the
phrase ‘in prison’ should be widely interpreted and
would include someone taken ill at a prison who
later died in hospital, even if not guarded at the time.

The power to take jurisdiction carries two ancillary
rights. Where a coroner needs to take possession of the
body for a post-mortem examination the case of R v.
Bristol Coroner ex p Kerr [1974] 2 AILER 719 allows him
or herto exercise physical control over the body until the
inquest is concluded - although it would normally be
released much earlier. Further, section 22 of the Coro-
ners Act gives the coroner power to order the removal of
abody from where it lies to a mortuary, whether within
the district or in an adjoining district of another coro-
ner, for the purpose of a post-mortem examination,
subject to the consent of the person providing the mor-
tuary facility there. The restriction of movement to ‘an
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adjoining district’ is rather cumbersome in view of the

modern trend towards centralisation of specialist mor-

tuary facilities and the lack of paediatric pathologists.

Note that section 8 requires the coroner to con-

duct an inquest in every case where the cause of
death is unknown or unnatural etc. Read in isola-
tion, this would obviously bring tens of thousands

more inquests than are properly required. However,

the Act then goes on to make provision for autopsies
in two distinctly differing circumstances.

¢ Section 19 gives the coroner power to require

such an examination ‘if of the opinion that it

Box 4.2 Section 19 of the Coroners Act 1988

Post-mortem examination without inquest

1.

Where a coroner is informed that the body of

a person is lying within his district and there is
reasonable cause to suspect that the person
has died a sudden death of which the cause is
unknown, the coroner may, if he is of the opinion
that a post-mortem examination may prove an
inquest to be unnecessary: (a) direct any legally
qualified medical practitioner whom, if an inquest
were held, he would be entitled to summon as

a medical witness under section 21 below; or

(b) request any other legally qualified medical
practitioner to make a post-mortem examination
of the body and to report the result of the
examination to the coroner in writing.

. For the purposes of a post-mortem examination

under this section, the coroner and any person
directed or requested by him to make the
examination shall have the like powers, authorities
and immunities as if the examination were a post-
mortem examination directed by the coroner at an
inquest into the death of the deceased.

Where a post-mortem examination is made under
this section and the coroner is satisfied as a result
of it that an inquest is unnecessary, he shall send
to the registrar of deaths a certificate under his
hand stating the cause of death as disclosed by
the report of the person making the examination.
Nothing in this section shall be construed as
authorising the coroner to dispense with an
inquest in any case where there is reasonable
cause to suspect that the deceased: (a) has died
a violent or an unnatural death; or (b) has died in
prison or in such a place or in such circumstances
as to require an inquest under any other Act.

may prove an inquest unnecessary’ by
establishing a (natural) cause of death (Box 4.2).
Section 20 allows an autopsy where it is already
clear that an inquest will be needed because the
cause of death is clearly unnatural (Box 4.3).

These are quite different powers. The authority
under section 19 is comparatively limited - simply to

Box 4.3 Section 20 of the Coroners Act 2008

Request to specially qualified person to make post-
mortem and special examinations

o

Without prejudice to the power of a coroner
holding an inquest to direct a medical witness
whom he may summon under section 21 below to
make a post-mortem examination of the body of
the deceased, the coroner may, at any time after
he has decided to hold an inquest: (a) request any
legally qualified medical practitioner to make a
post-mortem examination of the body or a
special examination of the body or both such
examinations; or (b) request any person whom he
considers to possess special qualifications for
conducting a special examination of the body to
make such an examination.

If any person who has made a post-mortem

or special examination in pursuance of such

a request is summoned by the coroner as a
witness, he may be asked to give evidence as

to his opinion upon any matter arising out of the
examination, and as to how, in his opinion, the
deceased came by his death.

. Where a person states upon oath before the

coroner that in his belief the death of the
deceased was caused partly or entirely by the
improper or negligent treatment of a medical
practitioner or other person, that medical
practitioner or other person: (a) shall not be
allowed to perform or assist at any post-mortem
or special examination made for the purposes of
the inquest into the death; but (b) shall have the
right, if he so desires, to be represented at any
such post-mortem examination.

. In this section ‘special examination’, in relation

to a body, means a special examination by way

of analysis, test or otherwise of such parts or
contents of the body or such other substances or
things as ought in the opinion of the coroner to be
submitted to analyses, tests or other examination
with a view to ascertaining how the deceased
came by his death.



establish a cause of death which is natural. This con-
trasts with the powers under section 20 where the
examination is to provide evidence for the inquest
and a wider range of investigations can be made.
Section 20 allows the coroner to request any person
(i.e. not necessarily a doctor) whom he or she consid-
ers to possess appropriate qualifications to make a
‘special examination’. This is defined as an analysis
or test of such parts or contents of the body as the
coroner thinks ought to be submitted to analysis,
test or other examinations with a view to ascertain-
ing how the deceased came to die. Any decision on a
special examination might commonly be on advice
from the pathologist conducting the post-mortem.

Confusingly, section 21 (not shown here) then
allows the coroner to summon in evidence at an
inquest:

* adoctor who attended at the death or during
the last illness; or

* adoctor in practice in or near the place where
the death occurred.

This medical witness may be asked to give an opin-
ion on how the deceased came to die. Further, the
coroner may direct such a medical witness to make a
post-mortem examination of the body of the
deceased. This appears to be an anachronism, said
to be taken almost verbatim from the Coroners Act
1836. It is not clear, in modern society, how a doctor
‘in practice nearby’ is going to be able to assist. Nor
does the power to direct a medical witness to per-
form a post-mortem add anything to section 20.
Further, section 21 adds nothing in practical terms
to section 11(2), which requires the coroner to exam-
ine on oath all who have knowledge of the facts of
death - a clear power to summon any witness (medi-
cal or otherwise) who can give relevant evidence.

The Coroners Rules 1984

A number of rules in the subordinate legislation are
relevant to the pathologist.

Rule 5

Any post-mortem is to be made as soon after the
death as reasonably practicable. There is therefore a
specific requirement for expediency.

The coronial autopsy

Rule 6

This sets out the matters to be taken into account by
the coroner when deciding who should be requested
to perform the post-mortem.

* Rule 6(i)(a) states that the examination should
be made by a pathologist with suitable
qualifications and experience.

* Rule 6(i)(b) requires the coroner to consult with
the Chief Officer of Police as to the identity
of the pathologist if the death is suspicious.
While the coroner is not obliged to follow the
wishes of the police, in reality it is virtually
inevitable that the pathologist would be from
the Home Office list of accredited forensic
pathologists.

* Most significantly, rule 6(i)(c) directs the
coroner not to instruct a pathologist on the staff
of a hospital if the death has occurred there and
the conduct of any member of the hospital staff
is likely to be called into question. While there
is a saving clause concerning ‘undue delay’, the
requirement for overt independence is
important.

Rule 10

There is no statutory requirement as to the actual
nature of the work undertaken in the examination.
The nearest to legislative guidance is contained in
rule 10(1), which requires the pathologist to report to
the coroner in a form similar to that set out in Sched-
ule 2 of the Rules. The schedule contains a detailed
list of all the major organs of the body, which at the
very least implies that these should be examined.
The provisions of rule 10(2) in relation to the release
of reports are considered further below.

Rule 11

In terms of premises, rule 11(1) forbids a post-
mortem to be performed in a dwelling house or in
licensed premises, surely an anachronism in the
days of HTA licensing. By rules 11(2) and 11(4) the
post-mortem must be in adequately equipped
premises, that is to say ‘supplied with running water,
proper heating and lighting facilities and containers
for the storage and preservation of material’. Rule

33
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11(3) requires that, if a person has died in a hospital
‘so equipped’, any post-mortem examination shall
be made in those premises — but even this is unless
the coroner otherwise decides.

The autopsy report

While the format and content of the autopsy report
are generally outside the remit of this chapter, some
legal issues arise.

The HTA indicates that, before the post-mortem
is carried out, relatives should be told when the
results are likely to be available. This places some
responsibility on the pathologist to (a) communicate
a short cause of death promptly to the coroner’s
officer, and (b) provide the final report within a
normal timescale.

By 10(2) of the Coroners Rules 1984, unless
authorised by the coroner, the pathologist must not
supply a copy of the report to any person other than
the coroner. Rule 13 makes similar provision in
respect of special examinations. Thus, in theory at
least, a pathologist reporting on a coroner’s post-
mortem in a hospital may not give the clinicians
involved in the case a copy of the report unless and
until the coroner agrees.

In the past there has been a division of opinion
between coroners as to whether post-mortem reports
should be made freely available. Most (but not all)
coroners now take a view towards appropriate disclo-
sure. Thus it would now be common for a hospital
pathologist to be allowed to provide the clinicians
with a copy of the report in all deaths occurring
within the hospital. By extension this could also
apply to hospital risk managers, who might need
prompt information on causes of death etc.

Further, Home Office Circular 62/1994, issued
following the Clothier Report (into the deaths of
children at Grantham Hospital), reccommended that:

in every case coroners should send copies of
post-mortem reports to any consultant who has
been involved in the patient’s care prior to death,
whether or not demanded under rule 57

and the Home Secretary asked that coroners review
their procedures to ensure that access to reports was

facilitated and dealt with as speedily as possible. The
Model Coroners Charter produced by the Home
Office in 1999 in an effort to promote consistency
also suggests that a copy of the report should be
made available to the family.

All this leaves rule 57(1) of the Coroners Rules
somewhat in isolation. This rule provides that the
coroner must, on payment of the appropriate fee,
supply to any person who in his or her opinion is a
properly interested person (i.e. a participant at the
inquest) a copy of any report of the post-mortem or
special examination. It is not made clear whether
this entitlement arises at the time the report is
received by the coroner (i.e. before any inquest) or
only after proceedings are completed. The normal
exceptions to disclosure would be cases of suspicious
death or where release of information may hinder an
on-going police enquiry.

In releasing a post-mortem report prior to an
inquest, it may be appropriate for the coroner to
make it clear that the report is on a preliminary
basis. The pathologist may wish to alter the conclu-
sions having heard the results of other enquiries or
medical investigations and the evidence given at the
inquest hearing.

Tissue retention in the coronial
autopsy

While it is generally recognised that some histology
is a normal part of an autopsy conducted under sec-
tion 19 of the Coroners Act 1988, the power to retain
significant amounts of tissue, or whole organs, for
‘special examination’ only arises under section 20 of
that Act.

Whatever the power used, tissue retention in a
coroner’s autopsy does not fall under the HT Act but
is instead governed by changes to the Coroners Rules
1984 set out in the Coroners (Amendment) Rules
2005 - a short but complex piece of subordinate leg-
islation. The requirements are listed in simple terms
in Box 4.4.

A number of issues arise, of varying complexity.
First, although the coroner (at step 2 in Box 4.4) will
set a maximum period for retention, the coroner’s
power to allow retention actually ceases when his or



Box 4.4 Tissue retention

Requirements of the Coroners (Amendment) Rules

2005

1. The pathologist must tell the coroner the exact
details of the material to be retained and for how
long it is required.

2. The coroner then authorises the specific retention
and sets a maximum period (as to which see below).

3. The coroner must tell the family of the retention
and, where possible, gain their instruction as to
disposal. The choices given in the Rules are:

- return of the material to the family

- allowing retention for research or other
purposes

- respectful disposal by the pathologist.

Although it is not a requirement of the Rules,

coroners may give the additional option of delaying

the funeral pending the later return of the material to
the body.

4. The family’s decision should be communicated
to the pathologist, although there is actually no
requirement in the Amendment Rules for such
a notification, an issue which has caused some
difficulties.

5. The pathologist must keep a record of the details
of the retention or disposal of material.

6. The autopsy report must declare the retention and
disposal.

her interest in the case finishes. With an autopsy
(inquest) under section 20 of the Coroners Act this is
straightforward enough; the coroner’s powers cease
when the inquest is concluded, although the pathol-
ogist must obviously be notified that such has
happened as they may well not be aware of the
inquest unless called to give evidence.

The situation is more difficult where the autopsy
was under section 19 (to show an inquest is unneces-
sary by proving the death is of a known, natural
cause). There is no obvious point at which the coro-
ner’s interest ceases. Indeed, the coroner is always able
to return to such a case and declare that an inquest
will be held if it becomes apparent that the death may
be unnatural. In general, the point at which the coro-
ner receives the pathologist’s final report and
completes a notification to the Registrar General of
whether or not there is a revised cause of death is
taken as the relevant time for disposal. Clearly this
also requires notification to the pathologist.
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Finally, it is increasingly common that the ‘allow-
ing retention for research or other purposes’ option
is subdivided to allow the relatives to opt for the
material being kept as part of the deceased’s medical
record, possibly for a set period, for use for specific
scheduled purposes defined in the HT Act. This
allows the advantage of retention for audit or later
review of cause without going to a point where rela-
tives may feel uncomfortable. Disposal is dealt with
in more detail below.

Coronial autopsies and the Human
Tissue Act

In the case of coronial autopsies, the post-mortem
examination itself and the removal and use of organs
and tissue to determine the cause of death do not
require consent from the relatives, as anything done
for purposes of functions of a coroner or under the
authority of a coroner is exempt from the consent
requirements of the HT Act (section 11 of Part 1).

Although the consent of relatives is not required,
the HTA advises that the reasons for the post-
mortem and the process that will be followed should
be explained to the family at whatever level of detail
they seek. As a minimum, they should be told when
and where the examination is to be performed, and
informed of their right to be represented at the post-
mortem by a registered medical practitioner.

When the coroner’s authority has ended (see Box
4.4), if the material is not disposed of, the further
storage of post-mortem samples falls within the
remit of the HT Act and it is unlawful to continue to
retain material for a scheduled purpose without
appropriate consent or on unlicensed premises.

Tissue retention in criminal cases

Different questions arise where tissues need to be
retained in connection with the investigation of
homicide, a situation that may cause families some
distress.

In such cases, the retention of relevant tissues
may be of extreme importance. First, it will be
necessary in order to ascertain the cause and cir-
cumstances of the death to satisfy a court ‘beyond
reasonable doubt’. Second, in the interests of fairness



36 Autopsies and the law

to any prospective defendant, it is essential that
experts instructed by the defence lawyers can con-
duct their own scientific examination of the tissues
if they wish.

Notwithstanding that there is a homicide investi-
gation, the body is in the possession and control of
the coroner and any autopsy can only be done on his
or her order, generally under the power in section 20
of the Coroners Act 1988 (see above). The police do
not have a power to require an autopsy themselves.

Much of any material retained at such an autopsy
will relate to the cause of death and will, initially, fall
within the changes to the Coroners Rules 1984 set
out in the Coroners (Amendment) Rules 2005
described above. But there will also be material
retained purely for the purposes of the police inves-
tigation (typically fingernail scrapings or body
cavity swabs) that might relate to identifying the
offender rather than the direct cause of death. While
it may be hoped that such items will contain material
from the offender, they will also undoubtedly con-
tain material from the deceased. When the coroner’s
interest finishes (see above), these items may well be
held by the police for their own purposes.

In addition, material properly taken in relation to
the cause of death may also be required for the crim-
inal process after the coroner’s interest has finished.
The Code of Practice issued under the Criminal
Procedure and Investigation Act 1996 provides for
the following minimum retention periods for mate-
rial considered relevant to a prosecution:

* 3 years in respect of a conviction after a not
guilty plea at a trial on indictment;

¢ ifan appeal is lodged, until after the appeal is
determined.

Many would now argue that longer periods are
appropriate.

Section 39 of Part 2 of the HT Act contains excep-
tions for criminal justice purposes. Consent is not
required to retain material for the purposes of a
criminal investigation, nor does material taken for
this purpose need to be held on licensed premises.
Where material is held under the authority of a coro-
ner and the police simultaneously, the section 39
exemptions of the HT Act apply.

Material taken and/or retained under police
authority only is not subject to the provisions of the
HT Act with regard to disposal. However, Home
Office guidance provides that the police, so far as is
practicable, will dispose of the material in compli-
ance with the requirements of the HT Act.

If following the cessation of a police investigation
continued retention of tissue is authorised by the
coroner, it must then be held on licensed premises
and in accordance with the Coroners (Amendment)
Rules 2005.

Those requiring a more detailed analysis of mate-
rial retention in criminal cases are directed to ‘Police
and coroners approach to pathology (issue 1)’, which
is available on the Home Office website at www.
homeoffice.gov.uk.

Disposal

Section 14 of Part 2 of the HT Act lists among the
activities within the remit of the HTA the disposal of
the body of a deceased person which has been stored
or used for a scheduled purpose and the disposal of
material which has been removed from the body of a
deceased person for various purposes, including
post-mortem examination. The HTA provides guid-
ance on disposal in a code of practice on this topic.

The point for the pathologist to note is that, when
the coroner has communicated the family’s wishes
to the pathologist holding the material, the patholo-
gist should act on this information without
unreasonable delay. Establishments should ensure
that there are systems in place to dispose of the
tissue in accordance with the wishes of the next of
kin and in line with the HTA’s code of practice,
which states that:

ifthe wishes are to reunite organs and tissue with
the body before burial or cremation, there should
be a system of checking that any retained tissue is
accounted for before the body is released to the
family. If there is tissue not accounted for, there
should be a clear procedure for detailing the course
of action to be followed. Efforts should be made to
keep the relatives informed throughout the process.


www.homeoffice.gov.uk
www.homeoffice.gov.uk

Licensing

As mentioned earlier in this chapter, the HT Act sets
out the licensing framework for establishments
where post-mortem examinations take place.
Pathologists and others working in this field need to
be aware of the licensing requirements and the statu-
tory duties they place on individuals working under
the licence.

Section 16 of Part 2 of the HT Act makes post-
mortem examination an activity that can take place
only under the authority of a licence granted by the
HTA. There are no exceptions to this requirement
so, as mentioned earlier, whatever the circumstances
of or reasons for the post-mortem, a licence will be
required. In addition, a licence is required for the
storage of organs and tissue (including in the form of
blocks and slides) taken at post-mortem for use for
scheduled purposes.

Under Regulations made by the Secretary of State,
the storage of post-mortem tissue for use for research
which is ethically approved by a Research Ethics
Authority? (or for which ethical approval is pending)
is exempt from licensing. Also exempt is the storage
of post-mortem tissue for the sole purpose of analy-
sis for a scheduled purpose (other than research),
where the tissue has come from and will be returned
to licensed premises - for example, post-mortem
specimens sent to a specialist testing facility. These
exemptions are set out in the HT Act (Ethical
Approval, Exceptions from Licensing and Supply of
Information about Transplants) Regulations 2006.
Finally, tissue stored by the police for criminal jus-
tice purposes is not required to be stored on
HTA-licensed premises (see section 39 of Part 2 of
the HT Act).

The HT Act identifies persons working under the
licence, including the Designated Individual, who
has a statutory duty under section 18 of Part 2 of the
HT Act to secure:

2 Defined in regulation 2 of the HT Act 2004 (Ethical
Approval, Exceptions from Licensing and Supply of Infor-
mation about Transplants) Regulations, 2006.
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* that the persons to whom the licence applies
are suitable persons to participate in the
carrying on of licensed activity;

* that suitable practices are used in the course of
carrying on that activity;

* that the conditions of the licence are complied
with.

The role of the Designated Individual is thus an
important one, which must be undertaken by some-
one with a sound knowledge and understanding of
the licensed activities and associated operational
procedures.

Section 16(1) prohibits licensable activities from
being carried on without a licence and, under sec-
tion 25, the maximum penalty for such an offence is
imprisonment for up to 3 years and/or a fine.

Schedule 3 of the HT Actlays down the character-
istics of a licence as well as the HTA’s power to grant,
revoke, vary and suspend licences. This section may
be of interest to readers who would like information
about the detailed aspects of the licensing process.

The Human Tissue (Scotland)
Act 2006

Consent is the key principle governing the use of
human tissue for certain purposes in Scotland,
although different terminology is used in the Scottish
legislation. The HT (Scotland) Act refers to ‘authori-
sation’ rather than ‘consent’ and the activities of the
coroner are undertaken by the procurator fiscal.

Inthe HT (Scotland) Act, ‘post-mortem examina-
tion’ refers to:

examination of the body of a deceased person
involving its dissection and the removal of organs,
tissue samples, blood (or any material derived
from blood) or other body fluid which is carried
out for any or all of the following purposes:

* providing information about or confirming
the cause of death;

* investigating the effect and efficacy of any
medical or surgical intervention carried out
on the person;
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* obtaining information which may be relevant
to the health of any other person (including a
future person);

* audit, education, training or research.

As in the HT Act, post-mortems carried out for the
purposes of the functions or under the authority of the
procurator fiscal are exempt from the ‘authorisation’
requirements.

The HT (Scotland) Act is another complex piece
of legislation, and space precludes detailed analysis
of its contents. However, a key difference between it
and the HT Act is that it allows the continued stor-
age of tissue samples, blood (or any material
derived from blood) and other bodily fluid removed
during the post-mortem under the authorisation of

Further reading
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www.homeoffice.gov.uk/documents/approach-to-
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Religion is like going out to dinner with friends. Everyone may order something different, but everyone can

still sit at the same table.

Introduction

Religion is often expressed as stories, symbols,
beliefs and practices, through the conviction that
there is an ultimate power or reality that is often
mystical in nature, giving meaning to the life experi-
ence of the individual. Prayers, rituals, meditation
and music are ways of expressing such beliefs both
personally and publicly. Such beliefs also have an
effect on individual moral behaviour, in turn setting
religious laws and traditions. This includes how
individuals cope with serious illness and prepare for
death.

Death, on the other hand, is described from a sci-
entific viewpoint as the permanent termination of
the biological functions that define a living organ-
ism; in other words, physical death. Yet the true
nature of death has for thousands of years been the
central concern of all religions from around the
world as they concentrate not only on the physical
death and the effects thereof, but on the non-physical
mind and/or soul too.

This chapter therefore aims to provide patholo-
gists engaged in autopsy practice with an overview of

HH The Dalai Lama

religions from around the world and their held
beliefs and attitudes to not only death but also the
care after death, including post-mortem examina-
tions from both the physical and non-physical
viewpoints. The intention is for this chapter to be
easy to access so that it can be used for reference pur-
poses concerning the sensitive holistic medical care
of the deceased and his or her family.

Background to religious
attitudes

Everyone from around the globe it seems holds a
system of beliefs about the cause, nature and pur-
pose of the universe. In addition, the majority of us
also hold these values with reference to a God or
gods. The modern example of this can be seen when
reviewing the leading religion for each country
around the world (Fig. 5.1; Matthews, 2009). How-
ever, the world has also seen movement of people
between countries. Such people bring with them
their own distinct culture and sometimes their own
language or religion.
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A prime example is the UK, which has welcomed
newcomers for centuries, thus boasting a multi-cul-
tural society. The nineteenth century, for instance,
witnessed the arrival of Jewish people escaping per-
secution from Russia and Poland and Irish people
escaping poverty in rural Ireland. The twentieth
century observed the influx of Caribbean workers
invited to help rebuild Britain after the Second
World War; Asians from India, Pakistan and Bang-
ladesh who escaped poverty; East African Asians
who fled persecution; and Eastern European refu-
gees who came following war and political unrest in
Romania and the former Yugoslavia (Migration Sta-
tistics Unit, 2007).

The twenty-first century is now seeing an esti-
mated 577000 people arriving to live in the UK per
year (according to 2007 National Statistics); in other

B Christian (71.6%)

Figure 5.1 Geographic
distribution of religions.
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words, around 1580 per day. An example of this is an
estimated 96000 Polish citizens who migrated into
the UK in 2007, the highest inflow of any individual
citizenship. In contrast an estimated 340000 people
are emigrating per year from the UK: 932 per day.
Reasons for entering or leaving the UK range from
work, study, marriage, asylum seeking or long holi-
days, to coming or going home to live. In summary,
this means that 237 000 more people enter than leave
the UK annually, the equivalent of adding 650 people
a day to the population (Migration Statistics Unit,
2007).

In part this has led to a multi-religious identity
within the UK, even though Christianity is the lead-
ing religion at 71.6 per cent (Fig. 5.2). After
Christianity, Islam was the most common faith
with 2.7 per cent describing their religion as Muslim

Figure 5.2 The UK population
by religion.
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Figure 5.3 The worldwide population by religion.
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Figure 5.4 The worldwide population of other religions (total 2.5 per cent).

(1.6 million). The next largest religious groups were
Hindus (559 000), followed by Sikhs (336000), Jews
(267000), Buddhists (152 000) and people from other
religions (179 000). These groups together accounted
for 2.7 per cent of the UK population. About 15.5 per
cent of the population stated that they had no reli-
gion. This category included agnostics, atheists,
heathens and those who wrote ‘Jedi Knight” (Office
for National Statistics, 2001).

Religion is significant for the majority of individ-
uals internationally. It is vital, therefore, never to
assume that the previous picture put forward regard-
ing religious statistics is the everyday make-up of
UK society. The increase in international travel gives
us a slightly different picture (Figs 5.3 and 5.4; Ency-
clopaedia Britannica, 2006). The vital importance of
being aware of key beliefs to such religions allows the

care of the deceased and relatives to remain respect-
ful and spiritually sensitive. This is especially so as
death has a tendency to lead religious customs and it
is exceptionally unusual for funerals not to be asso-
ciated with religious rites. However, the world’s
religions are so varied that it is not that astounding
in such a mixed multi-cultural civilisation that it is
enormously simple to bring about offence
unintentionally.

The intention of this chapter is not to present a
theological examination, but to give an explanatory
description that can be simply accessed and
employed for reference purposes on the subject of
spiritual care after death by pathologists and others
working in the mortuary. For ease, the chapter has
been separated into the three broad groupings of
contemporary faiths — the Abrahamic, Dharmic and
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Table 5.1 Summary of religious attitudes to death

Religion Agreeable to last offices? Agreeable to organ Agreeable to Body disposal
donation? autopsy?
Atheism Yes Yes Yes Burial or cremation
Bah&’i Yes Yes Yes Burial
Buddhism Yes Yes Yes Cremation preferred
Christianity Yes Yes Yes Burial or cremation
Confucianism May prefer to be washed by | Yes, but traditionalists may be superstitious Burial preferred
family
Hinduism No Yes Disliked Cremation
Islam No Yes Yes Burial
Jainism Yes Yes Yes Cremation
Judaism Should be handled as little as | Yes No Burial
possible
New Age Dependent on underlying religion followed
Spirituality
Rastafarian Yes Considered distasteful Burial preferred
Shintoism Prefer to be washed by family | Yes, but traditionalists may be superstitious Cremation preferred
Sikhism May prefer to be washed by | Yes Yes Cremation
family
Taoism Prefer to be washed by family | Yes, but traditionalists may be superstitious Burial or cremation
Zoroastrian Yes Unwilling No Burial or cremation

Adapted from Rutty (2001, 2004).

Far Eastern — and other traditions. The brief key
beliefs concerning death and care after death that
will incorporate information on funerals, organ
donation and autopsies are given. A very brief sum-
mary of this can be found in Table 5.1.

The Abrahamic faiths

The Abrahamic faiths are monotheistic in that their
doctrine or belief is that there is only one God. Four
well-known monotheist traditions are Judaism,
Christianity, Islam and the Bahd’i faith, all of which
arose in the Middle East and are inextricably related
to one another, being traceable back to Abraham
(around 2000 Bc). Christianity originated within the
Jewish tradition and Bahd4’i within the Islamic. The
Abrahamic faith is considered to be a young faith
compared with Egyptian society, which had already
built the pyramids by 3000 Bc (Kramer, 2003).

Judaism

Judaism is regarded as the oldest religion within the
Abrahamic faiths and is entwined with culture.
However, it has gone through a number of phases,
developments and changes that have led to today’s
Rabbinic phase of three diversities, these being the
Orthodox Tradition, Conservative Judaism and
Reform Judaism. The Orthodox Tradition is usually
much more customary and observant of religious
and dietary laws than other sects that fit their reli-
gious rites into contemporary society.

Overall, Judaism believes that there is one God,
Creator and Lord of the universe, otherwise known
as the Covenant which guides their way of life. The
first five books of the Old Testament (the Torah)
contain laws and rules for everyday life, principal
among which are to worship one God and obey the
Ten Commandments and the practice of charity and
tolerance towards other people.



Life is considered to be sacred and death is viewed
as being controlled by the Omnipotent One (i.e.
God, who has absolute and unlimited power). Juda-
ism holds a firm belief in the afterlife, where those
who have lived a worthy life will be rewarded. Death
according to Judaism is not a tragedy, even when a
young child dies or when someone dies through
adverse or disastrous circumstances. Instead, death
is considered to be natural, like our lives, in that it
has meaning and is part of God’s plan. Two of the
most important commandments are to honour the
dead and to comfort the mourner. Hence, deep reli-
gious meaning is invested in death and dying rituals
based around the concepts of ritual, community and
memory (Solomon, 2000; Nazarko, 2006).

Care after death

Throughout the entire period between death and the
funeral, the body is never left unattended. Very
importantly, the body is guarded or watched as it is
believed to be vulnerable and unable to watch over
itself until it has ‘come home’ to its final resting place
within the grave.

The body must be handled as little as possible, as
considerable importance is attached to the ritual
cleansing and clothing of the body. This is under-
taken by Jews who are specially qualified and of the
same sex as the deceased. Hence limited laying out
should be performed by healthcare staff. However, if
members of the family are not present, most non-
Orthodox Jews would accept the usual washing and
last rites performed by hospital staff. Otherwise, once
death has been established, the eyes and mouth of the
deceased must be closed by a child, a relative or a
close friend - in that order of preference. Healthcare
staff should ensure the jaw is supported and limbs are
straightened with the arms placed by the sides. The
body is then labelled and covered with a white sheet.
If the family wish to view the body, mortuary staff
should ensure that the room is free from any religious
symbols (Nazarko, 2006).

The immediate family will contact the local
Jewish undertaker and synagogue and put the ritual
proceedings in motion. Judaism believes it to be a
humiliation to the dead to leave them unburied.
Therefore, arrangements to bury the deceased, ide-
ally within 24 hours, are of upmost importance,
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being delayed only for the Sabbath and other major
festivals. Cremation is most unusual, as historically
itis frowned upon as an unnatural means of treating
the human body, but non-Orthodox Jews allow cre-
mation (Cytron, 1993).

The preservation of life is an important guiding
principle in Judaism and so there is no objection to the
principle of organ donation. However, Orthodox Jews
may be less willing. With regard to autopsies, Jewish
law requires that after someone has died the body be
buried in its entirety. Judaism believes that man was
created in God’s image and so any mutilation of the
bodyisloathed strongly. Therefore, autopsy examina-
tions are not permitted in Jewish law unless required
by civillaw (Green and Green, 2006).

Christianity

The term ‘Christianity’ comes originally from the
Hebrew word Messiah, meaning ‘The Anointed
One’. The Greek translation Christos was the foun-
dation of the English translation ‘Christ’. Based on
the writings of the New Testament, Christians
believe that Jesus Christ (first century Ap), who was
born a Jew in the Roman province of Palestine (now
known as Israel, Palestine and Jordan), was the
divine son of God who became man on Earth. The
central belief of Christianity is that God is the one
God who reveals himself as the Trinity of the Father,
the Son and the Holy Spirit. Christians believe that
Jesus was conceived by the Holy Spirit and born of
the Virgin Mary. Following his baptism by the
prophet John the Baptist he became a preacher and
healer, teaching people how to live godly lives, suf-
fering himself the pains and temptations of a mortal
man but without sin. According to the Gospels of the
New Testament, he went to observe Passover in Jeru-
salem and on arrival was met with people celebrating
his doctrines about death, judgement, heaven and
hell. This led to his arrest for blasphemy, for which
he was tried and crucified. Following his death, his
disciples were convinced that God raised him from
the dead on the third day after his burial and
ascended him into Heaven where he is now seated at
the right side of the Father (God). They converted
others to believe, which eventually founded Christi-
anity (Toropov, 2004).
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Today, Christianity is practised all over the world.
It believes that the death and resurrection of Jesus is
not only an important event but also a demonstra-
tion that Jesus has the power over life and death and
the ability to give people eternal life. However,
despite major commonalities many doctrine dis-
agreements have taken place over the last two
millenia. This has resulted in differing traditions
that, in turn, have placed varied significance on the
rituals of caring for the dead. The three main forms
of Christianity - Roman Catholicism, the Anglican
Communion and the Free Churches - will now be
presented in turn, along with information on the
Afro-Caribbean Community, Church of Jesus
Christ of Latter Day Saints and Jehovah’s Witnesses.

Roman Catholicism

The Roman Catholic Church is the single largest
Christian church, claiming more than a billion
members. Catholics believe that the Pope, the
Church’s highest authority, is the true successor to
Saint Peter the apostle appointed by Jesus Christ to
be its head (O’Collins, 2008). Of great meaning to
Catholics is the sacrament of Baptism. Children
especially will be baptised before or even at death if
needed. Otherwise, Catholic sacraments most asso-
ciated with the end of life are Reconciliation
(Confession or Penance), Holy Communion (Eucha-
rist) and the Anointing of the Sick (Last Rites)
(Kemp, 2002). A Catholic priest should always be
called to enable these sacraments to be given either
at the point of death or up to 3 hours after.

Care after death

Routine last offices are appropriate. Within Irish
communities, it is traditional to exhibit the body after
death before the funeral. Therefore, particular care
should be taken if the next of kin consent to organ
donation or post-mortem examination. Catholics
overall are traditionally buried rather than cremated,
but there are no religious objections to cremation.

The Anglican Communion

The Anglican Communion is the third largest
Christian communion in the world and incorpo-
rates a wide spectrum of beliefs and practices. In
summary, there is no single Anglican church with

universal authority. While they believe many Catho-
lic doctrines, they reject the power of the Pope.
Instead, all churches within the communion are
independent, but in communion with the Church of
England. The Archbishop of Canterbury is the reli-
gious head of the Church of England. He has no
formal authority outside this jurisdiction, but is
symbolically recognised worldwide as the head of
the communion. There are many churches within
the communion such as the Church of Ireland and
the American Episcopal Church, each of which has
its own doctrine and liturgy underpinned by the
Church of England. Anglicans believe that everyone
baptised will share in Christ’s resurrection and eter-
nal life after death. As with Catholicism, should a
child die without being baptised the family may feel
their child will be prevented from entering the
family of God. Baptism can be performed soon after
death by an Anglican priest (Toropov, 2004).

Care after death

Routine last offices are fitting with no objection to
organ donation or post-mortem examination. Both
burial and cremation are acceptable.

The Free Churches

Free Churches are Christian churches that evolved in
the USA where they were founded outside the state
system with no ties to Rome. They do not conform to
Catholic or Anglican traditions. In essence, Free
Churches are free from state interference in internal
affairs. The majority of members portray themselves
as Protestants or Chapel. Examples of Free Churches
include Methodists, Baptists, Salvation Army, Quak-
ers, Seventh Day Adventists and the United Reform
Church (Cracknell and White, 2005; Dandelion,
2008). Less importance is put on the administration
of sacraments than for Catholics or Anglicans, with
the example of some groups not seeing the baptism of
asick or dead child as critical. Instead, it is more likely
that a minister will be invited to pray with the patient
and family.

Care after death

Routine last offices are appropriate with no religious
disapproval to organ donation or autopsies. Burial
or cremation is considered acceptable



Afro-Caribbean Community

The main religion of the West Indies is a form of
Christianity, the main Christian churches being
Anglican, Methodist and Pentecostal, but there is an
extensive difference in how it is practised from
island to island. The one commonality is that they
are observed as being much more expressive in how
they worship compared with other Christian faiths.
It is important to note that Baptism for the Afro-
Caribbean Community is very important as it
involves the naming of the child. They believe that
all children should be named before death. When a
person is dying or deceased then it is not unusual for
a large number of family members to visit as they
like to be near the individual at the time of death
(Green and Green, 2006).

Care after death

Last offices are considered appropriate, but the ideal
would be for them to be performed by an individual
from a similar ethnic background. Traditionalists
are less likely to agree to organ donation than the
younger generation. In addition the older generation
are unlikely to consent to an autopsy except in coro-
ner’s cases, as they believe that the body should be
intact for the afterlife and so any disfigurement will
be very distressing — especially as the body may be
viewed before and during the funeral service. For
this very reason, embalming is preferred if the
funeral is to be delayed for some reason. Burial is
favoured over cremation. For the extended family
and friends of the deceased, the funeral is an impor-
tant and decorative occasion (Green and Green,
2006).

Church of Jesus Christ of Latter Day Saints

The Church of Jesus Christ of Latter Day Saints,
commonly called the Mormon Church, was founded
in 1830AD by the prophet Joseph Smith, a farm
labourer. It is held that Joseph Smith found hiero-
glyphic scripts on golden plates in a nearby hill
disclosed to him by an angel. Following its transla-
tion, the Book of Mormon is believed to be the literal
record written by prophets and followers of Jesus
Christ of God’s dealings with civilisations from
around 2600 BC through to 420 AD in the Americas.
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It is understood to be a holy scripture, another wit-
ness of Jesus Christ, comparable to the Bible. With
over 11 million members worldwide today and a pre-
dicted 265 million by 2080, Mormons embrace the
idea that they have reinstated the Church as created
by Christ where other Christian churches have gone
off course.

Mormons believe that there are three stages to
life: pre-existence as a spirit child (prenatal), proba-
tion on Earth, and finally eternal life with the
Heavenly Father. Death is thought to be a blessing
and a purposeful role to eternal existence. At some
time after death, the spirit and the body will reunite
and be resurrected to the spirit world, which is sepa-
rated into two: Paradise, where the good spirits wait
for resurrection, and Spirit Prison, where the
unrighteous spirits live in darkness. The good spirits
are able to visit the Spirit Prison and preach the
gospel. If one of the unrighteous spirits accepts the
gospel and repents they are able to progress to Para-
dise (Green and Green, 2006).

Care after death

There are no formal procedures in caring for the
dying or dead, so routine last offices are appropriate
— with the exception that if the sacred garment is
removed then it must be replaced on the body. Reas-
surance and practical help regarding funeral
arrangements will be offered by the Bishop. Before
making a final decision about organ donation and
autopsies, Mormons will be expected to ask the Lord
for inspiration while assessing the benefits and
counter arguments. It is worthy to note here that the
body may be viewed before the funeral at the church
meeting house. Concerning disposal of the body,
burial is preferable with cremation being discour-
aged rather than being ruled out (Green and Green,
2006).

Jehovah’s Witnesses

The Christian sect Jehovah’s Witnesses was founded
in 1872 AD by the American clergyman Charles Taze
Russell in Pennsylvania, USA. Deeply committed
Jehovah’s Witnesses endeavour to live their lives as
directed by the Old and New Testaments. Such mes-
sages are spread mostly by members who preach
from door to door and distribute literature. They
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believe that Jehovah is the Supreme Being and that
Jesus is the Son of God who was a created being who
was formerly in a pre-human state as the Archangel
Michael. In 1914 AD, the Heavenly Kingdom resulted
in the invisible enthronement of Christ as King.
Very importantly, they recognise faithfulness and
duty only to the kingdom of Jesus Christ, regarding
the world currently as being under the control of
Satan. They reject to salute any flag, vote, run for
public office or join the Armed Forces. Jehovah’s
Witnesses believe that in the near future the battle of
Armageddon will commence, where Jesus under
Jehovah’s divine rage will perform retribution upon
supporters of all other religions (i.e. false religions),
resulting in the world being cleansed and God’s
Kingdom being created on Earth (Green and Green,
2006).

Care after death

No official last rites are practised when death occurs,
so routine last offices are proper. A matter for indi-
vidual conscience is the issue of organ donation or
autopsy, as it is not promoted either way. Of special
note is that, should Witnesses agree to organ dona-
tion, then before transplantation all organs and
tissues must be completely drained of blood as blood
represents life itself and must be respectfully han-
dled. Witnesses will not consent for blood to be
stored or reused in any way. The funeral is prepared
with respect to the individual rather than a formal
written service with both burial and cremation
being acknowledged (Green and Green, 2006).

Islam

The conception of Islam is officially deemed to have
occurred in 610 AD when the Angel Gabriel began to
reveal the Word of God to the prophet Muhammad.
Islam in Arabic means ‘to submit’, specifically to
God, and a Muslim is ‘one who submits’. There are
three main branches of Islam - Sunni, Shi’ite and
Sufi - but none is considered to have overall author-
ity for all Muslims. Muslims hold that God has sent
prophets such as Abraham, Moses and Jesus, but fol-
lowers of these and other prophets have corrupted
their teachings through mistakes and distortion and
so God sent Muhammad to remind man again of the

truth. It is believed that God’s message was written
down as soon as it was revealed and passed on as
intended by God through the Qur’an. The essence of
Islam is that there is one God (Allah), the creator and
ruler of the Universe who is all powerful and has no
equal. In practice, adherents demonstrate their
beliefs by living their life according to Islamic law
(Shari’ah) usually within an Islamic community
through the traditional duties of the five pillars of
Islam: bearing witness to the unity and uniqueness
of God and to the prophet Muhammad; prayer at
prescribed times each day; fasting during the month
of Ramadan; pilgrimage to Mecca; and paying a cer-
tain amount of one’s own wealth as alms for the poor
(Robinson, 2007).

Death is considered to be an element of God’s
overall plan. In general, Muslims believe that after
death everyone is judged and will go either to Para-
dise or to the Fire according to their good and bad
deeds during life. Death should not be feared as it is
assumed that an observant Muslim will achieve sal-
vation, and hence extreme grief is suppressed for this
very reason (Sarhill et al., 2003).

Care after death
Following death, enormous respect should be
shown. Non-Muslims should not touch the body.
Normally, the body is ceremonially washed at least
three times with soap and specially wrapped with
three pieces of white cotton cloth (Kafan) along with
scent or perfume, so last offices by healthcare staff
should not be performed unless the family are
unavailable. Even then healthcare staff should
always wear disposable gloves and last offices must
be minimised by closing the eyes, bandaging the
lower jaw to the head so that the mouth does not
gape, straightening the body at the elbows, shoul-
ders, knees and hips (thus enabling washing and
enshrouding of the body later), and turning the head
towards the right shoulder (so the body can be
buried with the face towards Mecca). Do not wash
the body, nor cut hair or nails. Cover the deceased
with a sheet ensuring that the whole of the body is
covered (Sarhill et al., 2003; Green and Green, 2006).
As the body is believed to belong to God, strict
Muslims are opposed to organ donation, and so the



matter should not be discussed unless the family ini-
tiates the possibility first or if the deceased has
consented in writing beforehand. If organ donation
is approved, the organs must be transplanted
instantly and not kept in organ banks. Apart from
when ordered by the coroner, autopsies are prohib-
ited within the Islamic faith. However, if an autopsy
is required the ceremonial preparations in caring for
the body will begin after the autopsy. The funeral
should take place within 24 hours and delays cause
anguish to families. As Muslims believe there will be
a bodily resurrection, bodies are buried rather than
cremated.

The Baha’i Community

Arising out of Islam in 1863 AD and being one of the
youngest of the world’s major religions, the Baha’i
Community was founded by the Persian Mirza
Husayn Ali in present-day Iran. Believed to be a
prophet sent by God, he is recognised today as
Baha'wllah, which means ‘the Glory of God’. The
Bahd’i faith tries to encompass all religions into one
faith in that there is simply one God who is the crea-
tor of life, advocating world peace. The purpose of
life is to know and love God through the acquisition
of virtues and spiritual qualities so as to carry for-
ward an ever-advancing
preparation for the next world. The faith has no
clergy or individuals in positions of personal leader-
ship, and is administered by elected bodies at local,
national and international levels. It now has around
5 million followers throughout the world. The Bahd’i
believe that one’s soul comes into existence at con-
ception and is immortal. Because everyone has an
eternal soul it is not subject to decomposition at
death. Instead the soul is able to journey around the
spirit world, an eternal extension of our own uni-
verse. There are no official last rites practised when
death occurs (Momen, 2008).

civilisation and in

Care after death

Last offices by healthcare staff are accepted. Baha’is
from Iran and some other countries within the
Middle East are required to observe certain proce-
dures. This may include the body being washed
carefully by the family, being wrapped in a shroud of
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white silk or cotton and a Baha’i burial ring being
placed on the finger. With the Bah4’i faith having no
disagreements between modern medicine and reli-
gion, there is no objection to organ donation or
autopsies. Simple funerals are arranged by relatives
of the deceased in consultation with the local Baha’i
community, each being unique in nature. Burial is
preferred, as cremation is not permissible, observing
the following burial laws: no embalming unless
required by law, no means of speeding up the natural
process of decomposition, such as calcinations, and
interment within 1 hour’s journey from the city or
town where death occurred. This includes all
remains donated to medical science. The body
should be placed so that the feet face the tomb of
Baha’Allah near Acre (Smith, 2008).

Rastafarianism

Rastafarianism is considered to be a political-reli-
gious movement that began during the 1930s in the
West Indies among the descendents of African slave
families. It began with the ‘Back to Africa’ campaign
of Marcus Garvey advocating the repatriation of
black people to Africa, their true home and heaven
on Earth. It was in 1966, though, that Haile Selassie
visited Jamaica and convinced the Rastafarians not
to immigrate to Ethiopia until they had liberated the
people of Jamaica. Rastafarians believe that they are
reincarnated from the Lost Tribes of Israel and that
their redemption will be through an exodus led by
God back to Africa (the homeland) which will be a
heaven on Earth where black superiority will be
claimed over the whites. Frequently linked with
dreadlocks, marijuana and reggae music, Rastafari-
anism currently has a following of over 700000
worldwide. Dreadlocks or ‘locks” are a symbol of
their faith and a sign of black pride. The smoking of
marijuana, the ‘holy herb’, is a holy sacrament to
many, believed to be the key to new understanding
of the self, the universe, and God being the vehicle to
cosmic consciousness. It was the popular reggae
singer Bob Marley in the 1970s and 1980s who
assisted the message of Rastafarianism to become
widespread. Rastafarianism has no centralised
organisation or formal church. Instead it is practised
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as a personal religion where members share in a deep
love of God and the belief that the Temple is within
each person. Rastafarians believe in the resurrection
of the soul after death and so families may pray by
the bedside of the dying. There are no formal last
rites (Green and Green, 2006).

Care after death

Routine last offices are appropriate, but it is to be
noted that Orthodox members may not permit their
hair to be cut. Both organ donation and autopsy are
considered distasteful with few agreeing to either,
except when ordered by the coroner. The funeral is
plain and simple and attended only by intimate
family and friends, with burial being preferred, but
cremation is not forbidden (Green and Green, 2006).

The Dharmic faiths

The Dharmic religions, sometimes referred to as tra-
ditions, are a group of religions whose theology and
philosophy centre on the concept of Dharma, mean-
ing ‘fixed decree, law, duty’ in the spiritual sense of
‘natural law and reality’. All Dharmic religions orig-
inate from India, but can now been seen all over the
world, but especially so around the Indian subconti-
nent, East Asia and South East Asian. One of the
main religions within this group is Hinduism, out of
which grew Buddhism, Jainism and Sikhism. These
four faiths will now be discussed in turn.

Hinduism

Hinduism was originally a term used to describe
people who lived east of the River Indus. Today, Hin-
duism is the oldest religion practised in the world
with its roots traced back to at least 2500Bc. Like
many other faiths and traditions, it is not just a reli-
gion but a way of life that is steeped in culture. There
are believed to be around 1 billion adherents to Hin-
duism, of whom 890 million live in India. Followers
of Hinduism believe in one ultimate Supreme being
who has unlimited forms and who can be identified
with and venerated in various ways. The overall aim
of Hinduism is freedom of the soul from endless
reincarnation in differing forms and the sufferance
inherent in existence (Kemp, 2002). These differing

reincarnated forms are dependent on how faithful
one has been concerning religious duties. It is thus
possible that those who have been inattentive or
remissive of their duties may be reborn into a lower
caste.

The majority of Hindus prefer to die at home as
there is great religious significance in this for them.
Death in a hospital can be deeply distressing to the
family. Some Hindus will prefer to return to India
to the sacred city of Varanasi on the north bank of
the River Ganges to die. A person near death should
be placed with his or her head facing east and a
lamp placed near the head. As death nears, large
numbers of family members will be present. Along
with chanting and prayers, a few drops of Ganges
water, the leaves of the sacred tilsi plant and a piece
of gold are placed in the mouth of the dying person
before death - that is, before the soul leaves the
body (Breuilly and Palmer, 1999; Bauer-Wu et al.,
2007).

Care after death

Last offices by healthcare staff are inappropriate as
the body should not be washed by non-Hindus.
Instead it is the family who bathe, dress and wrap
the body in a piece of new cloth. However, if it is nec-
essary for healthcare staff to be involved then it is
essential that disposable gloves be worn, the eyes
closed, the limbs straightened and the body wrapped
in a plain sheet with no religious emblems or arte-
facts. All jewellery, sacred threads and any other
religious objects should not be removed. Although
they are rather unpopular, there is no resistance to
organ donation or autopsies; should either occur
then the ritual preparation of the body will begin
afterwards. Hindus favour that, as in India, funerals
take place within 24 hours of death. The body is cre-
mated as only the soul is needed for reincarnation.
The eldest son as part of the funeral rites would light
the funeral pyre in India or stand by the coffin as it
passes through the furnace. The ashes are thrown
into a river, preferably the River Ganges, on the third
day and then later the ceremony shraddha marks the
end of the deceased soul’s journey and family
mourning (Green and Green, 2006; Klostermaier,
2007).



Buddhism

As a reform of Hinduism, Buddhism was founded by
Siddhartha Gautama, a Hindu Prince in the sixth
century. He was given the name of Buddha, meaning
‘Enlightened One’ or “The Awakened’. Today Bud-
dhism is the second largest Dharmic tradition with
over 700 million adherents across East Asia and
South East Asia. Buddhism is the most popular east-
ern philosophy in western countries with three
formal schools: Theravada, Mahayana and Tibetan.
While Buddhists believe in many of the fundamen-
tal values of Hinduism, including reincarnation,
they do not acknowledge the caste system. Buddhists
believe that there is no god or divine judgement,
instead recognising that it is the law of ‘Dharma’
(cause and effect) that affects each and everyone’s
future and fate. Buddha is revered, therefore, as a
model of everyday life underpinned by the Four
Noble Truths: all sentient beings suffer, the cause of
suffering is desire, the way to end suffering is to
cease to desire, and the way to cease to desire is to
follow the Eightfold Path - 1, right belief; 2, right
intent; 3, right speech; 4, right conduct; 5, right
endeavour; 6, right effort; 7, right mindfulness; and
8, right meditation (Kemp, 2002). Following this
Eightfold Path will lead to emancipation from
rebirth. Death according to Buddhism is considered
to be a time to progress into something better, so it is
important for the dying patient and his or her family
to be in a quiet place so that wholesome thoughts
and past good deeds can be reflected upon
(Rinpoche, 2008).

Care after death

Last offices by healthcare staff are considered appro-
priate as there are no official Buddhist rites following
death, although a Buddhist minister or monk of the
same school as the deceased should be notified of the
death directly. There is no objection to organ dona-
tion or autopsies, given that serving others is
elemental in Buddhism, demonstrating compassion.
However, if the death was sudden or concerned a
small child, Buddhists will be troubled about the
deceased’s rebirth as the person’s mind will not have
been prepared prior to death. The funeral service
can be of any order as long as Christian doctrine or
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the Deity are not incorporated. Pregnant women
will not attend the service though, as Buddhists
believe this could cause bad luck to the baby. It is
customary for cremation to take place 3-7 days after
death since there is no belief in the resurrection of
the body, although burial is acceptable (Truitner and
Truitner, 1993).

Sikhism

Sikhism is a religious tradition based on the teach-
ings of 10 Gurus who lived in northern India during
the seventeenth and eighteenth centuries who aban-
doned the traditions of fifteenth century Muslim
and Hindu faiths. Founded by Guru Nanak in what
is now Pakistan, it has today around 20 million
adherents, of whom 80 per cent live in Pakistan and
India. Britain has the next leading adherent popula-
tion. The word ‘Sikh’ in the Punjabi language means
‘disciple’. Sikhs believe that they are the disciples of
God following the writings of the Ten Sikh Gurus.
The main philosophy and beliefs centre on there
being only one God, the same for all people of all
religions, who created everything. Life then is con-
sidered to be something that should be practised
virtuously and truthfully while maintaining a bal-
ance between spiritual and temporal obligations.
Attachment to material things can lead to reincarna-
tion and rebirth. Only when the soul is pure enough
can it achieve salvation and mergence with God. In
addition, Sikhs believe intently in protecting reli-
gious freedom. This is demonstrated through the
establishment of the Khalsa order, which upholds
the highest Sikh virtues of commitment, dedication
and social conscience. The order encompasses both
men and women who have undergone the Sikh bap-
tism ceremony and follow the Sikh Code of Conduct
and Conventions by wearing the five signs of their
faith, otherwise known as the Five Ks: Kesh, uncut
hair; Kanga, a comb to keep the hair in place; Kara, a
steel bangle; Kirpan, a small sword or dagger; Kac-
chera, short trousers or breaches. After death, it is
understood that behaviour during life is determined
by God, resulting in either being in eternal union
with God or being reborn. Either way Sikhs hold that
it is wrong to mourn excessively for the deceased as
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they will exist in a different body (Breuilly and
Palmer, 1999, Kalsi, 2007).

Care after death

More often than not families prefer traditionally to
lay out the body. After death, the body is washed. If
the deceased was a member of the Khalsa then he or
she will be dressed in the Five Ks. The deceased’s face
may be viewed on many occasions prior to the funeral
so a peaceful appearance is desirable. After touching
the body the family will probably like to take a bath
or wash their faces, hands and feet before going
home. If the family are not available then there is no
objection to limited last offices being undertaken by
healthcare staff. This includes leaving the Five Ks
intact, the hair kept covered with no trimming of
either hair or beards, the eyes closed, the jaw sup-
ported, limbs straightened and then covered with a
white sheet with no religious emblems. Both organ
donation and autopsies are considered acceptable,
but any incisions should be carefully sutured, so that
any bathing or dressing does not cause wound dehis-
cence during ritual proceedings. Should organ
donation be granted or an autopsy required, then
such ritual proceedings will begin afterwards. Pref-
erably then, within 24 hours, the body is cremated
(Green and Green, 2006; Nazarko, 2006).

Jainism

There are more than 8 million Jains world-wide, 98
per cent of whom live in India, with the biggest Jain
communities outside India being within the UK,
USA, the Far East and Australia. The true meaning
of Jain is ‘those who are able to overcome their inner-
most feelings of hate, greed and selfishness’. Also a
Dharmic religion emerging from Hinduism around
800Bc, Jainism denies the idea of a supreme being
and believes instead in a deep respect for all living
things, describing a path of non-violence. Jains
believe that countless numbers of souls are trapped
in our world and are considered to be evil and tied in
a cycle of reincarnation due to accrued moral behav-
iour demonstrated in previous lives, otherwise
known as ‘karma’. In other words, karma is the qual-
ity of our current and future lives as determined by
our behaviour in this and previous lives. The aim of

a Jain is to eliminate this karma through good
behaviour in order to achieve liberation of the soul,
transcend the world and achieve eternal spiritual
bliss, ‘moksha’. Jainism believes that death is a mys-
terious event that can be experienced by both
ordinary and higher types of souls, describing 17
different types of death. Two of these in particular
are considered to be very important. Akama Marana
refers to someone who has attachment to life and
does not want to die, probably as a result of being
unsure as to the concepts of reincarnation. Sakama
Marana, in steep contrast, refers to someone who is
not afraid of death and accepts it, knowing thatitisa
natural process. Of note, Jainism is quite different
from other traditions in that to hasten one’s own
death normally through starvation is acceptable to
those considered as having superior spiritually.
Again unlike other religions, Jains will not cry for
the deceased as this is believed to prevent the dead
from rising (Rees, 2001; Long, 2009).

Care after death

Family members may wish to wash the body after
death. The body will be dressed in new clothes. The
exception is in India, where the body will be
shrouded by a white cloth and new clothes instead
are given to the poor. If the family are unavailable
then last offices by healthcare staff are appropriate.
On the day of the deceased’s death a service will take
place in the temple. Organ donation or autopsies are
not objected to as Jains believe that it is a good thing
to assist in helping better other people’s lives and in
developing new knowledge. The body in its coffin
will be taken home before the funeral to enable rela-
tives and friends to look at the deceased’s face for the
last time and to pray for their soul. Jains will dispose
of the body through cremation, usually within 24
hours. For the funeral a flower will be placed on the
coffin to resemble life, but removed just before the
cremation as it is believed to be morally wrong to
intentionally hurt a living thing (Nazarko, 2006).

Far Eastern traditions

Far Eastern Traditions, sometimes referred to as
East Asian religions, focus on the concept of Tao or



Dao (The Way) and include Taoism, Shinto and
Confucianism. Today there are many Chinese com-
munity adherents all over the world, but it is
important to note that, due to interpretation, they
may differ significantly from traditional culture.

Taoism

Believed to have originated in pre-history China, the
fundamentals of Taoism were defined by Lao Zi in
the sixth century Bc. It has around 20 million fol-
lowers. Taoists hold that all events are divine and
that a life of quiet contemplation will achieve one-
ness with Dao. Central to their beliefs is the Chinese
concept of ‘Yang’ and Yin’, which are the male and
female opposites of personality and which bring bal-
ance to the universe, giving order to life. Supporters
of Taoism trust that an individual has no less than
one soul, with more than one being male and one
female (Yang and Yin). At death the souls separate,
the female soul sinks into earth as a ghost (kwei) and
the male soul rises and becomes a spirit (shen). After
death, souls are judged and punished, where one of
the souls will go to Hell before being able to go to its
allotted place. Here souls can bribe keepers to receive
better care. It is important, therefore, that the living
family supply their deceased with liberal resources.
In response, spirits will pledge victory in life if they
are content or tragedy if not. Traditionally the Chi-
nese who follow Taoism have an aversion to death
(Fisher, 1997).

Care after death

Limited last offices should be undertaken by health-
care staff as the deceased will be washed ritually and
cleansed with incense. Some may even be embalmed.
To represent purification and protection from the
influences after death, layers of white paper money
or talismans are put over the deceased. A deceased
child would be dressed in new clothes just before or
after death. Traditionalists will be superstitious of
organ donation and autopsies. This is because they
believe that it is critical to appease the evil spirits and
ghosts who are everywhere, and with the heart being
central to all life it will be difficult for relatives to
give consent. Otherwise there is no objection.
Funeral rites are very ritualistic, providing comfort
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and support to the family, an example being waiting
for the most favourable date and place for the burial,
although modern followers of Taoism prefer crema-
tion. During the funeral special Bank of Hell notes,
paper houses and other goods are burnt to enable the
soul to pay for an early release from the various
Hells, of which there are 10. Customarily, the bones
are exhumed around 10 years later, when they are
cleaned and re-buried at a site chosen by a feng shui
expert (Woo, 1992; Gudmundsdottir et al., 1996;
Rees, 2001).

Shintoism

An indigenous Japanese religion with more than 3.2
million followers, Shinto means ‘the way of the gods’
or ‘kami’. Kami are the sacred energies found in
nature such as trees, rocks and water to name only a
few. The Japanese do not regard kami just as divine
Gods, as many kami are ancestors who remain close
to the earthly world. Vitality, growth and prosperity
will be asked of the kami through ceremonies that
involve the rituals of purity, loyalty and sincerity.
Dissimilar to other traditions, death - while
accepted as being inevitable, irreversible and heart-
breaking for everyone involved - is considered to be
an evil. After death the spirits of the dead move into
aland that is no longer pure, but a place of decay and
corruption, where they are finally released from all
physical limitations and again become part of the
universal life force. Just as heaven and the under-
world are close to the middle land (Earth), so the
dead remain close to the living. Shinto rituals pro-
vide the dead with a means of escape from decay and
corruption, enabling them to grow into exalted
beings to become part of the world of kami (Fisher,
1997; Rees, 2001; Reader, 2007).

When communicating with families who follow
Shintoism, physical contact should be avoided as the
Japanese customarily do not gaze into another per-
son’s eyes. This is considered offensive in their
culture. Of note, too, is that a Japanese person may
in respect say ‘no’ three times before giving you their
genuine reply, which should be taken into particular
consideration with concerning the care after death.
Do not presume that a nod or a smile means agree-
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ment, but ask the person if he/she comprehends what
you have said.

Care after death

It is extremely important after death that respectful
words be exercised. Never use the word ‘body’ (Shitai
in Japanese) to relatives. Instead use Japanese com-
parables for the deceased, Itai and Go-Itai. Go is a
prefix which further raises Itai. In addition, when
talking about the deceased ensure that flattery is
included as part of the conversation, particularly so
if the person died in a tragic accident. The only
exception would be if the deceased had performed
vicious offences. The souls of those who died vio-
lently are believed to be restless and potentially
hazardous to the living unless they are calmed by
food and purification. Last offices are considered
inappropriate within Shintoism and therefore
should be avoided. Instead the family will bathe the
body in a bath of warm water performing purifica-
tion rites, before wrapping the body in a white
kimono. As in Taoism, some traditionalists may be
superstitious of organ donation and autopsies, but
overall there is no opposition as such. Family and
friends will then traditionally visit the deceased for
around 2 days. Shinto funerals are held for Shinto
priests, important Shinto devotees and the Emperor
and his family only. All other followers follow the
Buddhist funeral customs with cremation being pre-
ferred to burial (McQuay, 1995; Woo, 1992).

Confucianism

Confucianism, founded by Kong Fuzi (Confucius)
in fifth century Bc China, has a following of around
6 million that has spread from China to Korea, Japan
and Vietnam. There is also great interest among
Western countries. Confucianism is a major thought
system in relation to the principles of good conduct,
practical wisdom and proper social relationships.
Stability, happiness and prosperity lie in conforming
to the ‘Will of Heaven’, a spiritual principle that reg-
ulates the course of events. Confucianism has
influenced the Chinese attitude towards life by
emphasising personal control, adherence to social
hierarchy and social and political order, which in

turn has provided the background for political theo-
ries and institutions. After the death of Confucius,
various schools of Confucian thought have emerged
through the centuries including Mencius, Hsun-tzu,
Han Confucianism and Neo-Confucianism. Beliefs
about death will vary depending on the school of
Confucian thought followed (Yao, 2000; Coogan,
2005).

Care after death

Funeral and mourning customs will vary from
family to family, so it is best to be guided by the
family concerning last offices. Traditionally, at death
relatives will cry out loud to inform the neighbours
and the family will begin mourning by wearing
clothes made of course material. There is no aversion
to organ donation or autopsies by Taoists, although
again conservatives may be rather superstitious.
After this, the body is washed and put in a coffin,
where both food and significant objects of the
deceased will also be placed such as lucky charms.
Families will be deeply offended if this is refused.
Incense and money will be brought by mourners to
assist with the funeral costs. A Buddhist, Taoist or
even a Christian priest will perform the burial ritual.
Friends and family follow the coffin to the cemetery
with a willow branch symbolising the soul of the
person who has died. This willow branch is carried
back to the family altar where it is used to ‘install’
the spirit of the deceased. Liturgies are performed on
the seventh, ninth and forty-ninth days following
the burial and on the first and third year anniversa-
ries of the death.

Other traditions

As well as the faiths within the Abrahamic, Dharmic
and Far Eastern religions covered in this chapter
there are a large number of so-called new religions,
which are listed in Box 5.1. These, however, follow
the same principles in relation to death as their prin-
cipal faiths. In addition to these there is an enormous
number and wide variation of faiths outside these
traditions such as atheism, New Age Spirituality and
Zoroastrian which will now be presented.



Box 5.1 Religions, sects and alternative spiritualities

CHRISTIANITY

Christadelphians

Christian Science

Church of Jesus Christ of Latter Day Saints
(Mormonism)

Exclusive Brethren

Jehovah’s Witnesses

New Apostolic Church

The New Church

Unity School of Christianity

African independent churches
Nazareth Baptist Church (Shembe)
Oneness Pentecostalism

The anti-cult movement
Branch Davidians
People’s Temple

Celt Christian spirituality

The Family (Children of God)
Holy Order of MANS

Jesus Fellowship (Jesus Army)
Jesus Movement

Word of Faith Movement

Communal groups

Brotherhood of the Cross and Star

Family Federation for World Peace and Unification
(Unification Church)

The Way International

Global network of Divergent Marian Devotion

Ngunzism

Celestial Church of Christ (Aladura)
Church of the Lord (Aladura)
Iglesia ni Cristo

Kimbanguism

Rastafarianism

Worldwide Church of God

Zion Christian Church

Prosperity spirituality

Creation Spirituality

Embassy of Heaven Church
International Churches of Christ

JUDAISM

Lubavitch Movement
Reconstructionist Judaism
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Kabbalism

ALEPH: Alliance for Jewish Renewal
Gush Emunim

Havurot Movement

Humanistic Judaism

Meshihistim

ISLAM

Baha’i Faith

Halveti-Jerrahi Order of Dervishes
Haqqgani Nagshbandis
Shadhili-Akbari Sufi Order

Contemporary Sufism

Bawa Muhaiyaddeen Fellowship

Nation of Islam

Subud

Sufi Movement (International Sufi Movement)
Sufi Order of the West (Sufi Order International)
United Nuwaubian Nation of Moors

ZOROASTRIANISM

Parsee Theosophy
Mazdazan
lim-e Khshnoom

INDIAN REGIONS

Ananda Marga

Brahma Kumaris

Church of the Shaiva Siddhanta

Hao Hoa

Meher Baba Movement

Muttappan Teyyam

Radhasoami Tradition

Ramakrishna and the Ramakrishna Mission
Satya Sai Baba Society

Self-Realization Fellowship

Self-Revelation Church of Absolute Monism
Swaminarayan Movement

Transcendental Meditation

Tantric spirituality

Adidam

Autoville

Consciousness (Hare Krishna Movement)
Dhammakaya Foundation

Eckankar

Elan Vital

Friends of the Western Buddhist Order
ISKCON: International Society for Krishna
Krishnamurti and the Krishnamurti Foundation

continued >
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Box 5.1 continued

Lifewave

Mata Amritanandamayi Mission

Mother Meera

New Kadampa Tradition

Osho Movement

Santi Asoke Movement

Shaja Yoga

Shambhala International

3HO Foundation (Healthy, Happy, Holy
Organisation)

RELIGIONS OF EAST ASIA

Cheondogyo
Nichiren Shoshu
Omoto

Quan Zhen
Tenrikyo

Chinese new religions
Rissho Koseikai
Sekai Kyuseikyo
Shinnyoen
Yiguandao (Tian Dao)

Feng Shui
Agonshu
Ananaikyo
Aum Shinrikyo
Byakko Shinkokai
Daesunijinrihoe
Falun Gong (Falum Dafa)GLA (God Light
Association)
Kofuku no Kagaku
Mahikari
Suma Ching Hai

Japanese new religions
Cao Dai

Gedatsukai

Perfect Liberty Kyodan
Reiki

Reiyukai

Seicho no le

Soka Gakkai

Matrtial arts

Bentenshu

Cult of Mao and the Red Guards
Kodo Kyodan

Tensho Kotai Jingukyo

INDIGENOUS AND PAGAN TRADITIONS

Cargo cults
Druidry
Santeria (La Regla de Ocha)

African neo-traditional religions
Candomble

Kardecism

Heathenism

Native American Church

Shamanism

Church of All Worlds

Covenant of the Goddess

Eco-Paganism: Protest movement
Spiritualities Umbanda

Fellowship of Isis

Wicca

WESTERN ESOTERIC
Western esotericism

NEW AGE TRADITIONS

Anthroposophical Movement
Arcane School

Grail Spirituality

Emissaries of Divine Light
Freemasonry

Gurdjieff and Ouspensky Groups
‘1 AM’ Religious Activity
Neo-Templar Orders

Ordo Templi Orientis (OTO)
Rosicrucianism

Society of the Inner Light
Spiritualism

Hermetic Order of Golden Dawn
Theosophical Society

Astrology

A Course in Miracles

Celestine Prophecy

Company of Heaven

Damanhur

Fiat Luz

Impersonal Enlightenment Foundation
Jasmuheen and the Breatharians
Movement of Spiritual Inner Awareness
Order of the Solar Temple

Servants of the Light

Share International Foundation
Temple of the Vampire

Universal Christian Gnostic Church

continued >
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The Tarot

Church Universal and Triumphant (Summit Lighthouse)
Findhorn Foundation

School of Economic Science

MODERN WESTERN CULTURES

Celebrity-centric Spirituality

Apocalipticism and Millenarianism
Synanon Church
Unarius Academy of Science

Feminist and eco-feminist spirituality
Aetherius Society
Church of Scientology

Postmodern Spirituality
Psychedelic Spirituality

Adapted from Partridge (2004).

Atheism

There are numerous forms of atheism, including
humanism, secularism, rationalism, humanistic
Judaism, Christian non-realism, postmodernism
and unitarian universalism. The term ‘atheism’
comes from the Greek word meaning a lack of belief
in any form of deity. It is not a religion or philosophi-
cal system, but a belief that people can formulate
their own appropriate moral codes. Atheists believe
that people’s attitudes to deities and gods are the
same as believing in the tooth fairy in that such
beliefs are merely based on superstition. Of interest,
research does show that followers of atheism have
the lowest divorce rate compared with other reli-
gious groups, demonstrating sound family ideals
(Religious Tolerance, 2009).

Care after death

Last offices by healthcare staff are considered appro-
priate. It is an individual choice as to whether to
agree to organ donation or autopsies. As an alterna-
tive to a religious funeral a humanistic funeral is
preferred where the life of the deceased is recol-
lected. There are no hymns or prayers included as
atheists feel that religion has no importance. How-
ever, music, reflections on death, poetry and prose, a
eulogy, candle lighting and formal words of goodbye
form the basis of the funeral (Wilson, 2004). Again it
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Transpersonal Psychologies
URANTIA

Ufology and UFO-related movements
Silva Mind Control

Implicit religion

Chen Tao (God’s Salvation Church)
Doofs and Raves in Australia

Emin

Heaven’s Gate

Human Potential Movement
Landmark Forum

Neuro-Linguistic Programming
Thee Church ov MOO

Raelian Religion

will be the individual’s choice whether to be buried
or cremated.

New Age Spirituality

New Age Spirituality - sometimes called the New
Age Movement - is a complex system of people who
share similar philosophies which they incline to add
to whatever other religion they respect. Therefore
there are no holy scripts, principal organisations,
membership, formal clergy or doctrine. Beliefs tend
to embrace astrology as a means of projecting the
future, crystals as a basis for healing, and Tarot cards
for life decisions. They trust moreover that God is a
state of higher consciousness and that a person may
reach the total understanding of personal, human
potential. There are a number of essential values,
although individuals are supported to decide which
agree with them best - for example, monism, pan-
theism, panentheism, reincarnation, karma, aura,
personal transformation, and holistic health. View-
points about death are reliant on what underlying
religion New Age Spiritualists abide by (Partridge,
2004).

Care after death

Specific care of the body, organ donation and con-
sent for autopsies are dependent on which underlying
religion New Age Spiritualists follow.



56 Religious attitudes

Zoroastrianism

Zoroastrianism was the dominant religion of Persia,
originating in the sixth century Bc until the rise of
Islam. Based on the teachings of Zoraster, the reli-
gion’s prophet and founder, today the largest
communities can be found in India (92000) and
Iran (around 30000), and it is estimated that there
are about 7000 Zoroastrians in Britain, about 5000
of whom live in London. Offshoots of Zoroastrian-
include Mithraism and Manichaeanism.
Zoroastrians believe that there is only one Creator
and supreme force. It has important texts rather
than scriptures known as the ‘Avesta’ maintaining a
dualistic doctrine, contrasting the force of light and
good in the world with that of darkness and evil.
With regard to death, they hold that their soul is
allowed 3 days to meditate on their life. Following
this their soul will be judged in that, if good
thoughts, words and deeds outweigh the bad, the
soul is taken into heaven. The alternative is the soul
being led to hell. There are no last rites before death,
but relatives, friends and sometimes but rarely a

ism

Zoroastrian priest may say prayers (Boyce, 2002;
Hartz, 2009).

Care after death

Last offices are appropriate, particularly so as it is
very important that the body be washed prior to
being clothed in white garments. Generally families
will supply a ‘sadra’ which is to be worn next to the
skin under the shroud, with the sacred ‘kusti’, and
may wish the head to be covered with a cap or scarf.
Funerals should take place either on the same day of
death or the day after. Orthodox Zoroastrians deem
mutilation of the body is hostile to the will of God
and so will be hostile to blood donation and transfu-
sion, and organ transplantation. Autopsies are
prohibited in religious law and would be declined.
Zoroastrians believe that as soon as the body dies it
becomes impure, death being the work of Angra
Mainyu, the embodiment of all that is evil. In com-
parison Earth and all that is beautiful is considered
to be the pure work of God. Hence contaminating
the elements of earth, air, fire and water with decay-
ing matter such as a corpse is considered sacrilege.
Therefore, traditionally Zoroastrians lay out the

deceased in purpose-built towers known as the
Tower of Silence, enabling exposure to the sun and
to be eaten by birds of prey such as vultures. In many
countries outside India, though, this practice is
either impractical or illegal and so Zoroastrians will
opt for cremation rather than burial.

Conclusion

Apart from when an autopsy is required under the
authority of HM Coroner, the consent will always
remain with the next of kin. As this chapter has
demonstrated, everyone holds personal beliefs and
values about how we should live our lives and what is
meant by death. Such beliefs and values can be simi-
lar, very different or even in opposition to our own.
It is essential, therefore, to embrace knowledge about
other religions and cultures so as to not only explain
other people’s beliefs and consequent behaviours,
but to ensure that unintentional misinterpretation
does not take place as this in turn will only portray
the healthcare practitioner as someone the family
has no faith or confidence in. Instead knowledgeable
empathy on the part of the healthcare practitioner
will provide families with trust and assurance in
medicolegal processes.

Finally, Box 5.2 lists some useful contacts for
helping with bereavement and coping with grief.

Box 5.2 Useful contacts for bereavement and coping
with grief

e British Association for Counselling and
Psychotherapy: www.bacp.co.uk
e Cruse Bereavement Care: www.
crusebereavementcare.org.uk
Depression Alliance: www.depressionalliance.org
RoadPeace: www.roadpeace.org
If | Should Die.co.uk: www.ifishoulddie.co.uk
Jewish Bereavement Counselling Service: www.
jvisit.org.uk
o National Association of Widows: www.nawidows.
org.uk
Samaritans: www.samaritans.org
Support After Murder and Manslaughter: www.
samm.org.uk
e The WAY Foundation: www.wayfoundation.org.uk
All sites accessed September 2009.


www.bacp.co.uk
www.crusebereavementcare.org.uk
www.crusebereavementcare.org.uk
www.depressionalliance.org
www.roadpeace.org
www.ifishoulddie.co.uk
www.jvisit.org.uk
www.jvisit.org.uk
www.nawidows.org.uk
www.nawidows.org.uk
www.samaritans.org
www.samm.org.uk
www.samm.org.uk
www.wayfoundation.org.uk

References

Bauer-Wu S, Barrett R, Yeager K (2007). Spiritual
perspectives and practices at the end-of-life: a review of
the major world religions and application to palliative
care. Ind ] Palliative Care 13(2):53-8.

Boyce M (2002). Zoroastrian Faith and Philosophy.
Available at www.religion-info.net (accessed September
2009).

Breuilly E, Palmer M (1999). Religions of the World.
London: Collins.

Coogan MD (ed.) (2005). Eastern Religions: Hinduism,
Buddhism, Taoism, Confucianism, Shinto. London:
Duncan Baird Publishers.

Cracknell K, White SJ (2005). An Introduction to World
Methodism. Cambridge: Cambridge University Press.

Cytron BD (1993). To honour the death and comfort the
mourners: traditions in Judaism. In: Irish DP, Lundquist
KF, Nelson V] (eds) Ethnic Variations in Dying, Death
and Grief: Diversity in Universality, pp. 113-24. London:
Taylor & Francis.

Dandelion P (2008). The Quakers: A Very Short
Introduction. Oxford: Oxford University Press.

Encyclopaedia Britannica (2006). Encyclopaedia of
World Religions. London: Encyclopaedia Britannica UK.

Fisher MP (1997). An Encyclopaedia of the World’s
Faiths: Living Religions. London: IB Tauris.

Green J, Green M (2006). Dealing with Death: Practices
and Procedures, 2nd edn. London: Jessica Kingsley
Publishers.

Gudmundsdottir M, Martinson PV, Martinson IM
(1996). Funeral rituals following the death of a child in
Taiwan. J Palliative Care 12(1):31-7.

Hartz PB (2009). World Religions: Zorastrianism, 3rd
edn. New York: Chelsea House.

Kalsi SS (2007). Simple Guides: Sikhism. London: Bravo.

Kemp C (2002). Cultural perspectives in healthcare.
Culture and the end of life: a review of major world
religions. ] Hospice Palliative Nurs 4:235-42.

Klostermaier KK (2007). Hinduism. Oxford: Oneworld
Publications.

Kramer K (2003). The Sacred Art of Dying: How World
Religions Understand Death. Mahwah, NJ: Paulist Press
International.

Long JD (2009). Jainism: An Introduction to Religion.
London: IB Tauris.

References

Matthews M (2009). World Religions, 3rd edn. Florence,
KY: Wadsworth Publishing.

McQuay JE (1995). Cross-cultural customs and beliefs
related to health crisis, death and organ donation/
transplantation. Crit Care Nurs Clin N Amer 7:581-91.

Migration Statistics Unit (2007). International
Migration: Migrants Entering or Leaving the United
Kingdom and England and Wales. London: HMSO.

Momen M (2008). The Bahd’{ Faith. Oxford: Oneworld
Publications.

Nazarko L (2006). As death approaches: cultural issues.
Nurs Resid Care 8:441-4.

O’Collins G (2008). Catholicism: A Very Short
Introduction. Oxford: Oxford University Press.

Office for National Statistics (2001). Census 2001:
Ethnicity and Religion in England and Wales. Available
at www.statistics.gov.uk/census2001 (accessed
September 2009).

Partridge C (2004). New Religious Movements, Sects and
Alternative Spiritualities. Oxford: Oxford University
Press.

Reader I (2007). Simple Guides: Shinto. Simple Guides
Series. London: Bravo.

Rees D (2001). Death and Bereavement: The
Psychological, Religious and Cultural Interfaces, 2nd edn.
London: Wiley Blackwell.

Religious Tolerance (2009). Non-theistic Belief Systems.
Available at www.religioustolerance.org (accessed
September 2009).

Rinpoche S (2008). The Tibetan Book of Living and
Dying. San Francisco: Rider and Co.

Rutty JE (2001) Religious attitudes to death: what every
pathologist needs to know. In: Rutty GN (ed.) Essentials
of Autopsy Practice, vol. 1, pp. 1-22. London: Springer.

Rutty JE (2004) Religious attitudes to death: what every
pathologist needs to know, part 2. In: Rutty GN (ed.)
Essentials of Autopsy Practice, vol. 2, pp. 1-16. London:
Springer.

Sarhill N, Mahmoud F, Walsh D (2003). Muslim beliefs
regarding death, dying and bereavement. Eur J Palliative
Care 10:34-7.

Smith P (2008). An Introduction to the Bahd’i Faith.
Cambridge: Cambridge University Press.

57


www.religion-info.net
www.statistics.gov.uk/census2001
www.religioustolerance.org

58 Religious attitudes

Solomon N (2000). Judaism: A Very Short Introduction.
Oxford: Oxford University Press.

Toropov B (2004). The Complete Idiot’s Guide to the
World’s Religions, 3rd edn. New York: Alpha Books.

Truitner K, Truitner N (1993). Death and dying in
Buddhism. In: Irish DP, Lundquist KF, Nelson V7] (eds)
Ethnic Variations in Dying, Death and Grief: Diversity in
Universality, pp. 125-36. London: Taylor & Francis.

Wilson J (2004). Funerals without God: A Practical
Guide to Non-religious Funerals. Buffalo, NY:
Prometheus Books.

Woo KT (1992). Social and cultural aspects of
organ donation in Asia. Ann Acad Med
21:421-7.

Yao X (2000). An Introduction to Confucianism.
Cambridge: Cambridge University Press.



Chapter 6

THE SAFE AND HEALTHY AUTOPSY

Julian L Burton

Introduction ......... ... .. .. . 59

Hazardsandrisks........... ... ... i, 59

Hazards posed by the body being autopsied . . ........ 59
Introduction

The post-mortem room poses several potential
threats to the health and safety of those working
there. Greatest among these is the individual who is
not aware of safe working practices, the hazards and
risks present, and the methods and personal protec-
tive equipment which must be employed to minimise
these risks. All staff who work in the post-mortem
room have a duty to familiarise themselves with and
to undertake safe working practices and to follow the
department’s standard operating procedures relat-
ing to health and safety.

Before the introduction of effective antimicrobial
therapy and the routine use of personal protective
equipment, it was not uncommon for those perform-
ing autopsies to develop potentially life-threatening
infections, including streptococcal septicaemia and
pulmonary tuberculosis. Prosectors’ warts (cutane-
ous tuberculosis, ‘verruca necrogenica’) were also
common. Infections still pose a threat to those work-
ing in the mortuary; the infections of greatest con-
cern include human immunodeficiency virus (HIV),
the viral hepatitides, group A haemolytic Streptococ-
cus and tuberculosis.

Hazards and risks

The terms ‘hazard’ and ‘risk’ are often used as if they
were synonyms when in fact they have quite different
meanings in the context of health and safety. The
danger of injury posed by a slippery floor, the sharp
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corner of a table, the blade of a knife or saw, or the
point of a needle represents a hazard. In contrast, the
chance of acquiring a blood-borne infection such as
hepatitis B or HIV from a sharps injury represents a
risk (Burton, 2003).

Within the post-mortem room, hazards are pre-
sented by the body, by the equipment used to per-
form the autopsy and reconstruct the body, and by
the room itself (Table 6.1).

Hazards posed by the body
being autopsied
Infections

The hazards posed by infectious agents can be strati-
fied into groups depending on the likelihood of
acquisition, the severity of the disease caused by the
pathogen, the availability and efficacy of treatment,
and the risk of transmission from the healthcare or
mortuary worker to the general public. This stratifi-
cation by the Health and Safety Executive Advisory
Committee on Dangerous Pathogens (2005) has
given rise to the system of hazard groups (HGs)
(Table 6.2).

The autopsies of patients known or suspected to
have an HG3 or HG4 infection are discussed in detail
in Chapter 7, and these agents are not therefore con-
sidered further here. While pathologists and ana-
tomical pathology technologists will principally be
concerned with the avoidance of HG3 and HG4
pathogens, it should be remembered that at autopsy
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Table 6.1 Hazards in the post-mortem room

Potential Comments

hazard

The body

Infection Hazard group 2, 3 or 4 pathogens. These may be acquired by inoculation, aerosol inhalation,
contamination of mucous membranes or ingestion

Sharps injury The cut ends of ribs, some implanted medical devices, needle fragments, bullets and other projectiles

may pose a sharps injury hazard

lonising radiation

This is a hazard present in people who have received radioactive implants and in bodies
contaminated during a nuclear incident

Chemical agents

Bodies may contain or be contaminated by toxic chemicals such as cyanide or organophosphates

Electrocution

Implanted cardioverter defibrillators may cause electrocution if not deactivated prior to the autopsy

cause a sharps injury

Back injury This can result from poor movement and handling technique when positioning the body
Autopsy equipment
Sharps injury PM40 blades, scalpel blades, brain knife blades, hypodermic needles and suture needles may all

Electrocution
used in the wet post-mortem room

Improperly maintained electrical equipment such as oscillating saws may cause electrocution when

Post-mortem room

Physical injury There is a trip hazard posed by water hoses and electrical cables on the floor, and a slip hazard
posed by water on the floor
Infection A hazard is present if the mortuary is not properly decontaminated

Table 6.2 Infectious disease hazard groups

Hazard Definition
group

1 Unlikely to cause human disease

2 Can cause human disease and may be a
hazard to employees; it is unlikely to spread to
the community and there is usually effective
prophylaxis or treatment available

3 Can cause severe human disease and may be
a serious hazard to employees; it may spread
to the community, but there is usually effective
prophylaxis or treatment available

4 Causes severe human disease and is a serious
hazard to employees; it is likely to spread to
the community and there is usually no effective
prophylaxis or treatment available

Health and Satety Executive (2005).

the cadaver is a potential source of infection with
other organisms, notably Streptococcus pyogenes
(Hawke et al., 1980), gastrointestinal organisms
(including hepatitis A) and potentially Neisseria
meningitidis (Healing et al., 1995). Such pathogens
give rise to potentially curable disease but nonethe-
less may result in significant morbidity (Hawke et
al., 1980; Burton, 2003).

Sharps injuries

It is possible to readily encounter sharp objects
during the autopsy evisceration and dissection and
these pose a hazard. Those most frequently encoun-
tered are the cut ends of the ribs when the anterior
rib shield is removed. There are three methods avail-
able for the removal of the anterior rib shield, each of
which has advantages and disadvantages.

The most traditional method is to cut through the
ribs using rib shears. This is perhaps the most dan-
gerous method as the ribs are crushed by the shears,
producing jagged sharp edges. Although these cut
edges can be covered by the skin of the chest wall or
with towels, they pose a significant sharps hazard.
An alternate method is to incise the ribs with an
oscillating saw fitted with a fan-tailed blade. This
produces smooth edges, removing the sharps
hazard, but any underlying effusion will be aero-
solised - potentially replacing one hazard with
another. The author prefers the third method, in
which a serrated long-bladed knife is used to incise
the ribs, producing smooth cut ends without pro-
ducing aerosols. Care must be taken to keep the



blade of the knife almost parallel to the chest wall to
avoid incising the underlying organs (Walker et al.,
2002). When the deceased has sustained fractures,
the ends of these pose a similar sharps hazard. Care
should especially be taken when eviscerating and
examining the pelvis of individuals who have died
following a road traffic collision or a fall from a
height.

Individuals with a history of recurrent deep
venous thrombosis and pulmonary thromboembo-
lism may have a Greenfield inferior vena caval filter
inserted. This is a roughly conical spoked wire
device that is anchored to the wall of the inferior
vena cava by sharp hooks on the ends of the spokes.
Because the clinical history available at the time of
autopsy is often vague or incomplete, and because
there is no surgical scar to indicate the presence of
the device, its presence may come as a surprise to the
pathologist (Abraham and Greenfield, 1995). The
author has injured himself on two such devices. Care
must be taken in all cases when examining the retro-
peritoneal structures and the inferior vena cava.

Sharp objects within the body may alternatively
be a consequence of the patient’s lifestyle. Hutchins et
al. (2001) reported a series of four patients with sero-
positive HIV infection who came to autopsy and
were found to have retained fragments of needles in
the subcutaneous tissues of the neck. Such needle
fragments (which were between 10 and 45 mm long)
were the legacy of long-term intravenous drug use in
patients who resorted to deep cervico-clavicular
injection when peripheral access became difficult.
These cases were not associated with needlestick
injury, but staff performing autopsies on those with a
history of intravenous drug use must be aware of this
potential (albeit rare) hazard. Radiographic screen-
ing has been suggested for cases where retained
needle fragments are suspected (Nosher and Seigel,
1993; Hutchins et al., 2001) but this is unlikely to be
practicable in all autopsies performed on intravenous
drug users. Needle fragments have also been discov-
ered in the myocardium of intravenous drug users
(Thorne and Collins, 1998; Burton, 2003).

The bodies of individuals who have been shot or
suffered blast injuries pose a potential sharps hazard.
Bullets may shatter bones, producing sharp frag-
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ments, or may themselves fragment. The Winchester
‘Black Talon’ bullet is designed so that its jacket
expands by peeling back to form ‘petals’ that slow its
path through tissue, thus imparting more of its
kinetic energy to the tissues. These petals are sharp
and may cause glove puncture (McCormick et al.,
1996; Burton, 2003).

Sharp fragments of glass, metal or other debris
may be projected into the bodies of individuals
killed by an explosion. Such bodies should always be
examined radiographically and the fragments
recovered.

Radiation

On occasion, bodies that pose an ionising radiation
hazard will present for autopsy. They may contain
radioactive substances as a result of medical inter-
vention or, less commonly, as a result of a nuclear
incident such as an accident in a nuclear power plant.
Victims of so-called ‘dirty’ bombs would also
present such a hazard. Cases in which pathologists
have received a significant radiation dose have been
reported (Sharma and Reader, 2005). Autopsies on
radioactive bodies that had been recently dosed with
strontium-89 chloride prior to death have also been
reported (Schraml et al., 1997). In the reported case,
the whole body and hand exposures were recorded
as 0.000 for all personnel involved (although this is
unsurprising - strontium is concentrated in the
bones) (Burton, 2003).

Factors determining the risk to the autopsy
pathologist and other attendant staff are summa-
rised in Box 6.1. Owing to the variability in these
factors it is not possible to give detailed advice that
covers every eventuality. In general, the clinical his-
tory should include details of the therapy that was

Box 6.1 Factors affecting the risk posed by a
radioactive body

e Radioactive isotope used
- half-life
- type of particle emitted (o, B or y)

e Time since isotope was administered
Personal protective equipment worn by staff
Duration of exposure
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administered (isotope, dose, date of administration)
and the local hospital’s medical physics department
should be contacted for advice before starting the
autopsy.

A case has been reported where brachytherapy
pellets were identified in the prostate gland of a man
at autopsy, in which there were no details of the ther-
apy in the clinical records (Start et al., 2007). Such
pellets are identified as thin metallic silver-grey rod-
shaped pellets approximately 5mm in length and
1 mm in diameter. In such circumstances the pathol-
ogist should immediately halt the autopsy and evac-
uate the post-mortem room until advice can be
sought from the local medical physics department
(Burton, 2003).

Chemical agents

Although it is now relatively uncommon, some indi-
viduals commit suicide (or are murdered) using
chemicals that are potentially hazardous to the
pathologist performing the subsequent autopsy.

When metallic salts of cyanide are ingested, the
action of gastric acid liberates hydrogen cyanide gas,
which is toxic. The risk is therefore greatest in these
autopsies when the stomach is opened and it is rec-
ommended the stomach be tied closed at the cardia
and pylorus and then subsequently opened in a fume
cupboard or on a down-draught table if cyanide poi-
soning is suspected (Sharma and Reader, 2005).
However, the risk to health is small. In two reported
cases of cyanide poisoning there was no increase in
blood cyanide levels in the pathologists performing
the examination, although headaches, light-headed-
ness and a burning sensation in the throat have been
reported (Forrest et al., 1992; Nolte and Dasgupta,
1996). Hydrogen cyanide smells of burnt almonds
but many people are anosmic to this (Fernando,
1992; Burton, 2003).

Aluminium phosphide is present in some pesti-
cides and reports of suicidal ingestion exist (Anger et
al., 2000). When aluminium phosphide comes into
contact with water it liberates copious volumes of
hydrogen phosphide (phosphine, PH,), an odourless
and colourless gas (Sharma and Reader, 2005). This
gas is toxic at concentrations of 2 ppm (Anger et al.,
2000). Once again the risk is greatest on opening the

stomach and this should be performed in a fume
cupboard.

Formaldehyde may be encountered at toxic con-
centrations if the formalin used to fix tissue samples
for histopathology is spilt and when performing
autopsies on bodies that have been embalmed. In the
UK the latter is generally the case in bodies that have
been repatriated prior to the examination, when
phenol may also be present. Formaldehyde is highly
volatile and exposure causes irritation to the eyes,
mucous membranes and skin. In addition, it is sensi-
tising and may cause pulmonary fibrosis and lung
cancers. The legal safe limit for exposure is 2 ppm for
15 minutes. The odour of formaldehyde is detectable
at concentrations of 0.1-1.0 ppm, so as a general rule if
one can smell formaldehyde it is present at dangerous
concentrations (Sharma and Reader, 2005). The
hazard is combated by ensuring that there is adequate
down-draught ventilation.

To the writer’s knowledge there have been no
reported cases of secondary toxicity due to organo-
phosphates among autopsy staff, but there is a theo-
retical risk (e.g. deaths following industrial accidents
or terrorist attacks). Organophosphates such as
malathion and parathion may be consumed as part
of a suicide attempt and pose a hazard when the
stomach is opened (Sharma and Reader, 2005). Occu-
pationally acquired organophosphate toxicity has
been reported among healthcare workers who failed
to take appropriare precautions when treating orga-
nophosphate poisoning (Geller et al., 2002). Organo-
phosphates that may be encountered as a result of
terrorist attacks include sarin and tabun (Sharma
and Reader, 2005). Organophosphates are readily
absorbed through the skin. Healthcare workers han-
dling the bodies of those contaminated by organo-
phosphates should use chemical barrier protection
(latex gloves and aprons afford little protection) and
the body should be thoroughly washed with water or
5% hypochlorite solution prior to the examination
(Geller et al., 2002; Burton, 2003; Sharma and Reader,
2005).

Electrocution

The use of automated implanted cardioverter
defibrillators (ICDs) to treat malignant tachy-



arrhythmias has become increasingly common in the
last decade. The typical ICD is a titanium-covered
box approximately 70 x 51 x 14 mm and therefore is
readily distinguished from implanted cardiac pace-
makers by its larger size (Weitzman, 2003). When
removed at autopsy and analysed, these devices can
provide information that is valuable in determining
the cause and mode of death (Dolinak and Guile-
yardo, 2001). However, these devices pose a potential
electrocution hazard to the unwary pathologist and
should be permanently set into a non-shock delivery
mode prior to handling and removal (Prahlow et al.,
1997; Weitzman, 2003). This is typically achieved
with the aid of a strong doughnut-shaped magnet,
but the advice of the local ECG department or the
patient’s follow-up centre should be sought. As with
cardiac pacemakers, the batteries within such devices
can detonate when heated, so implantable defibrilla-
tors must be removed from bodies that are to be
cremated and must not be disposed of by incineration
(Burton, 2003). Further guidance from the Northern
Ireland Adverse Incident Centre is available at www.
dhsspsni.gov.uk/niaic_sn(ni)2002_40.pdf.

Other physical injury

The cadaver is, literally, a dead weight. Care must be
taken when moving and handling bodies to use
appropriate equipment if back injuries are to be
avoided. Workstations must also be set at an appro-
priate height so that the evisceration and dissection
can be performed without having to spend hoursina
stooped position.

Hazards posed by the
equipment used at autopsy

Safe shams practice

Many of the instruments used to perform an autopsy
constitute a sharps hazard, and safe sharps practice
must be followed at all times. The basic autopsy tool
set comprises a PM40 knife, a scalpel, a long-bladed
non-serrated ‘brain’ knife and a pair of blunt-nosed
scissors along with a steel ruler, a probe and a set of
toothed forceps (Fig. 6.1). In addition, hypodermic
needles may be needed to collect samples for further
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Figure 6.1 Equipment needed to perform an autopsy.

investigation, and a long suture needle is used when
the body is reconstructed.

The following practices must be observed at all
times (Burton, 2003):

1. Keep the number of sharp objects being used to
a minimum. There is no need to have more than
one of each blade present at an autopsy station
at any time.

2. Scissors, PM40s and scalpels should have
blunt-nosed blades. Pointed blades should never
be used (Lucas, 1993; Patel, 1997).

3. Only one person should use sharp instruments
on or in a body at any time. On occasion it is
necessary to seek the help of the anatomical
pathology technologist to reflect or hold
structures during the evisceration, but their
hands should be kept well clear of the area of
dissection.

4. Sharps should be kept and used under direct
vision at all times. Blind dissection, particularly
during the evisceration of the neck and pelvis,
should be avoided whenever possible. When not
in use, sharps are kept away from the dissection.
It is not safe to allow sharps to become hidden
from view by organs or tissues. Some mortuary
stations have a small shelf specifically designed
to hold sharps. Where this is not available they
may be placed safely in a jug.

5. Sharps are never to be passed hand-to-hand.
Instead, sharps are passed from one individual
to another either by placing them on the bench
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in clear view, or in a tray to be picked up by the
prosector.

6. Do not walk with sharps. It is necessary to move
from one side of the body to the other during
various stages of the evisceration. The prosector
should not carry sharps while walking around
the body. Instead, the knife is set down in clear
view and picked up again once the prosector has
moved.

7. Sharps should be used only if they are sharp.
Injuries are more likely when using blunted
blades as these require a greater force to be
applied. Moreover, blunt blades are less easy to
control and have a tendency to skip and jump
during use. The pathologist should not feel
afraid to ask the technologist for a new PM40,
scalpel or brain knife when the one in use
becomes blunt. On average the author requires
at least two PM40s per autopsy.

8. When using a knife, always cut away from one’s
own body.

9. Needles are never resheathed. Once used, the
needle is to be immediately disposed of into an
appropriate sharps container (Fig. 6.2). Sharps
containers must not be over-filled.

Figure 6.2 Appropriate sharps containers must be used
for safe disposal. These must never be over-filled.

Oscillating saws

The oscillating saws (Fig. 6.3) used to open the cra-
nial vault are potentially hazardous for three
reasons. First, these pieces of electrical equipment

(o)

Figure 6.3 Oscillating saw fitted with (a) circular blade
and (b) fantailed blade. The former is used for incising the
cranial vault and the latter for incising ribs or the spine.

are used in an environment that is wet. Improperly
maintained and used oscillating saws pose a risk of
electrocution. Second, the saws produce an aerosol
of bone dust and body fluids. They must therefore be
used with an exhaust system that collects this aero-
sol into a sealed container. Third, it has been
suggested that the repeated prolonged use of these
devices may be a cause of vibration white finger in
anatomical pathology technologists (Toren and Jon-
sson, 1996). Curiously, while these saws are very
effective at cutting bone, they pose little danger of
cutting the operator.

Specimen containers

Blood and other body fluids, as well as tissue sam-
ples, may be collected into glass or plastic universal
containers for subsequent toxicological, microbio-
logical or other analyses. The pathologist must



ensure that the outside of the container is not con-
taminated with the specimen before passing it to a
technologist for labelling. If necessary the sample is
transferred from the receptacle used to collect the
specimen into a clean container.

Hazards posed by the
post-mortem room

Even when all of the above factors are taken into con-
sideration, the post-mortem room itself can still
present a number of hazards. It is not uncommon for
water or body fluids to be spilt onto the floor during
the autopsy and this increases the risk of slipping on
the floor and suffering an injury. Such spillages
should be cleaned up promptly. Water hoses and elec-
trical power cables present a trip hazard and whenever
possible should not be left on the floor. It can be diffi-
cult to see these obstacles when carrying a heavy
container of eviscerated organs to a dissection table.

Barriers

The design of the mortuary and the standard oper-
ating procedures that regulate working practices
within it must impose a number of barriers between
the various hazards contained therein and the work-
ers within and visitors to the mortuary. These must
have sufficient provision to care for professional vis-
itors and the relatives of the deceased, and take into
account also any potentially dangerous materials
that leave the mortuary (Table 6.3).

Mortuary facilities

The mortuary must be of a sufficient size that it
allows safe working and is able to accommodate the
expected workload. In addition to one or more
rooms in which autopsies are performed, facilities

Table 6.3 Barriers within the mortuary

Hazards posed by the post-mortem room

must exist for office work, staff recreation, changing
rooms, body reception, discharge and storage,
equipment storage, the viewing of bodies by rela-
tives, and the viewing of autopsies by appropriately
interested parties.

Each of these areas should be designated as ‘clean’,
‘intermediate’ or ‘dirty’ and physical barriers should
be present between dirty/intermediate areas and the
clean areas within the mortuary (Box 6.2). Such bar-
riers may take the form of a glass screen (separating
visitors to the autopsy room from the autopsy room
floor), a water/disinfectant bath (between the
autopsy room and the changing room), or lines
painted on the floor. Handwashing facilities must be
readily available in the clean and intermediate areas.
The design of the mortuary will, ideally, reflect the
working practices within it and facilitate its smooth
day-to-day running while at the same time separat-
ing clean from dirty areas.

Box 6.2 Areas within the mortuary

Clean

Office space

Staff recreation room

Toilet facilities

Conference room

Autopsy viewing gallery
Relatives’ room(s)

Body viewing room for relatives
Equipment storage

Body reception

Intermediate
e Staff changing and showering rooms
e Body storage

Dirty

e Autopsy room(s)
e Equipment room
e Specimen room

Barrier level and definition | Examples

Primary: placed around perceived hazards

Physical facilities; safe working practices; disinfectant

Secondary: placed around the worker

Personal protective equipment; personal hygiene; occupational health services

Tertiary: placed around the autopsy room

Care of visitors; waste disposal procedures; specimen transport;
disposal of the body

65
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Safe working practices

Individuals who work within the mortuary should
do so in such a way as to minimise hazards and their
associated risks. The safe handling of sharps has
already been discussed. In addition, care should be
taken to minimise the formation of aerosols. Rough
handling and squeezing of organs is eschewed, and
high pressure water sprays are to be avoided. The
intestines should be opened under water but not
with the aid of a running tap.

Care is needed to avoid the contamination of
clean surfaces by body fluids within the autopsy
room. Telephones in the autopsy room should ide-
ally by of a design that can be operated ‘hands free’,
but if these are not available then on no account
should the pathologist or technologist touch the tel-
ephone without first removing gloves and washing
his or her hands. Photographic equipment must be
similarly protected from contamination.

A circulator should be present who remains
‘clean’ while the autopsy is in progress. This is espe-
cially important when autopsies are performed on
individuals known or suspected to have an HG3
infection (see Chapter 7). The roles of the circulator
include labelling of specimens, completing paper-
work associated with specimens, recording contem-
poraneous notes, adjusting overhead lighting if
necessary, and observing the practice of the ‘dirty’
pathologist and technologist to ensure that standard
operating procedures relating to autopsy room
health and safety are being adhered to. The circula-
tor can also liaise between the pathologist and other
clinicians, avoiding contamination of clean surfaces
such as telephones (Burton, 2003).

When autopsies are being performed, the number
of people present within the autopsy room is limited
to those with a legitimate reason for being present.
However, at least two people should be present at all
times — the pathologist and a technologist or circula-
tor. Because of the risk of injury, neither the patholo-
gist nor the technologist should work alone. A
member of staff with up-to-date training in basic
first aid should always be available within the mor-
tuary to assist not only if a pathologist or technolo-
gistis injured but also if a visitor to the autopsy room
faints (a not infrequent occurrence).

The care of equipment within the mortuary, and
the cleaning-down and disinfection of the autopsy
room at the end of the day’s autopsies, is typically the
duty of the anatomical pathology technologist.
Tables, scales, dissection areas, boots and non-dis-
posable equipment must be first cleaned with water
and then with an appropriate disinfectant. The
appropriate preparation and use of disinfectants is
beyond the scope of this book. Pathologists should
assist by keeping their station tidy and by wiping
down their work area before leaving the dirty area.
Disposable gloves, gauntlets, aprons, masks and caps
are to be removed before leaving the dirty area of the
mortuary and disposed of into an appropriately
labelled clinical waste bin.

Personal hygiene

All staff and visitors in the autopsy room must
ensure that their personal hygiene does not pose a
hazard. Eating, drinking, smoking and the applica-
tion of cosmetics is strictly forbidden within the
autopsy room. This applies not only to the dirty area
where autopsies are performed but also to any clean
associated viewing gallery. Staff are required to wash
their hands before leaving the autopsy room.

Occupational health services

All staff working in the autopsy room must, asa part of
their contract, have a duty to attend occupational
health services as appropriate. This will include pre-
employment screening and vaccination. All staff
working in the autopsy room must be immuno-
competent. significantly
immunocompromised for any reason (e.g. immuno-

Individuals who are
suppressive therapy following receipt of an organ
transplant or acquired immunodeficiency syndrome)
should not enter the autopsy room or its viewing gal-
lery. In addition, pathologists and anatomical
pathologytechnologists musthave completed a course
of immunisation against hepatitis B, tuberculosis, tet-
anus and poliomyelitis. Local guidelines should be in
place to deal with staff who refuse hepatitis B vaccina-
tion or who fail to develop antibodies to it. It must
always be remembered that, while seroconversion fol-
lowing hepatitis B vaccination confers protection



Box 6.3 Standard operating procedure in the event of
a needlestick or other contaminated injury

1. Call for appropriate help.

2. Wash the wound with copious amounts of soap
and water (irrigate the eye with water).

3. Encourage free bleeding if a visible wound is
present.

4. Apply an appropriate dressing to the wound.

Complete an incident form/accident report.

6. Contact occupational health services for further
advice.

oA

against hepatitis B, it offers no protection against
human immunodeficiency virus or hepatitis C.

If an autopsy room worker sustains an incised
wound, laceration or needlestick injury, a standard
operating procedure should be followed (Box 6.3).

Visitors to the autopsy room and its
viewing gallery

A number of different individuals may have a valid
reason to visit the autopsy room or its viewing gal-
lery when an autopsy is in progress. These include
clinicians, medical students, paramedics, police
officers, scene-of-crime officers and photographers.
Such visitors may not be as aware of the dangers
present within the autopsy room as the pathologists
and technologists who work there on a day-to-day
basis. Those who enter the dirty area of the autopsy
room must have received vaccination to hepatitis B
and tuberculosis and must be instructed to wear
appropriate personal protective equipment.

As discussed in Chapter 3, the autopsy has a valu-
able educational role. However, requests by students
and police officers to be present in an educational
capacity should be politely but firmly declined when
the body is known or suspected to be infected with
an HG3 pathogen.

It is common for relatives to wish to view the body
of the deceased either before or after the autopsy
examination. On occasion they will be required to
do so to assist in the identification of the deceased.
Typically the relative will want to see the face of the
deceased and perhaps hold their hand. Some reli-
gions will require the relatives to wash the body of
the deceased (see Chapter 5). The author has encoun-
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tered one relative who wished to see the genitalia of a
severely decomposed body (‘so I'll know it’s him’).
These practices should not be discouraged; once the
body has been autopsied, washed and enshrouded
there is no reason why relatives should not be per-
mitted to touch the body. After all, they most likely
frequently came into close contact with the body
when the deceased was alive. A quiet area where
bereaved relatives can sit, collect their thoughts and
perhaps have a hot drink before or after seeing the
body should be available. Toilet facilities should also
be available for bereaved relatives, but it is advisable
for the locks on these toilet doors to be of a type that
can be opened from the outside in case a relative
collapses.

Waste disposal

Waste from the autopsy room must be disposed of
according to the relevant local and national guide-
lines. In general, all materials that are contaminated
with body fluids or tissue fragments are disposed of
as clinical waste in appropriately colour-coordinated
strong plastic bags for incineration. Sharps bins are
similarly disposed of by incineration. Once the fill
line has been reached they are permanently sealed
and labelled to indicate their origin.

Specimen transport

Specimens - be they for histopathology, microbiol-
ogy, toxicology or other studies - should be
transported in appropriately labelled and sealed
containers. The key principle is that all of the speci-
men must be on the inside of the container. Sending
containers to laboratories whose labels are contami-
nated with blood or other body fluids is not
acceptable.

If the deceased is or could be infected with an
HG3 pathogen, this should be indicated by the pres-
ence of a warning label on the container. In England
and Wales these are typically yellow adhesive labels
bearing the words ‘Category 3 risk’ in black text. It
must be possible for all those who may come into
contact with the specimen container in its journey
to, and through, the laboratory to identify that there
isan increased risk.
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The specimen will be accompanied by a request
form, and this too must bear a warning label. It is not
sufficient, in the absence of such labels, simply to
write ‘Retrovirus positive’ or ‘HBsAg positive’ on the
request form. While the doctors in the laboratory
will know what these terms mean, the porters trans-
porting the specimens and the other laboratory
workers may not. The pathologist sending speci-
mens has a legal duty of care to warn all those who
may come into contact with the specimen and its
container of the potential risk. Risk stickers achieve
this purpose and also can be used to preserve the
confidentiality of the deceased.

Boady disposal

When bodies are released from the mortuary after an
autopsy they should leave in a condition that mini-
mises the risk to the funeral workers and/or
embalmers who will subsequently handle them.
Wounds should be closed and all medical devices
(excepting artificial joints) should have been
removed. When there is a possibility that the
deceased is infected with an HG3 pathogen, the
funeral director should be made aware of this, and
the potential routes of infection, but it is not neces-
sary or even desirable to disclose the name of the
infection itself. The deceased’s confidentiality should
be maintained. Bodies infected with an HG3 patho-
gen should be released sealed into a plastic body bag.

Personal protective equipment

The days when pathologists would perform autop-
sies while wearing their street clothes and smoking a
cigarette have passed. Pathologists, anatomical
pathology technologists and any others present on
the post-mortem room floor (such as scene-of-crime
officers or photographers) must wear the appropri-
ate personal protective equipment (PPE). Whereas
in surgery this equipment serves primarily to pro-
tect the patient from diseases that may be carried by
the staff, in the mortuary it serves the opposite pur-
pose. Employers have a duty to provide appropriate
PPE and employees have a duty to wear it. Autopsies
should not be performed if the appropriate equip-
ment is unavailable.

Before entering the post-mortem room, staff
should change out of their street clothes into a set of
surgical scrubs. If it is the practice of the mortuary
for staff in clean areas also to wear scrubs, these
should be of a different colour from those worn in
the dirty areas.

Next, the staff member should don rubber boots.
Ideally these will have steel toecaps to protect the
feet in the event that a sharp or heavy object is
dropped. Although it takes practice to overcome the
reflex, if equipment is dropped it should be allowed
to fall to the floor. Broken equipment is preferable to
catching a knife by the blade.

The forearms should be protected against
splashes. Some pathologists prefer to wear a non-
sterile surgical gown over their scrubs. Whether or
not this is worn, plastic or plastic-coated paper fore-
arm gauntlets should be worn. A plastic disposable
apron is also worn. This must be long enough to
reach below the tops of the rubber boots. Aprons
thatare too short allow blood and other bodily fluids
to drip inside the boots.

Injuries to the hands are especially common,
especially on the palmar surfaces of the thumb,
index finger and middle finger of the non-dominant
hand. Among pathologists, O’Briain (1991) found
that cuts are twice as common as needlestick inju-
ries. The frequency of injury is inversely related to
one’s clinical experience (Burton, 2003).

The hands are protected by a pair of surgical
gloves, and these should be of the correct size. Gloves
that are too tight will rapidly become uncomfortable,
while gloves that are too large are easily damaged.
Mast et al. (1993) have shown that wearing surgical
gloves significantly reduces the volume of blood
transferred during a needlestick injury by 63 per cent
and 86 per cent for suture and hollow needles, respec-
tively. Weston and Locker (1992) have shown that
gloves, especially those of mortuary technicians, are
frequently punctured at autopsy and that 31.8 per
cent of such punctures go unnoticed (Burton, 2003).
Rings must be removed before donning this pair of
gloves, because studies in surgery have demonstrated
that wearing rings increases the risk of glove punc-
ture. Multiple perforations are often found at the
base of the ring finger (Nicolai et al., 1997).



In every case the glove on the non-dominant hand
should be protected with some form of cut-resistant
glove. Several varieties are available, made of either
Kevlar or chain mail. It must be remembered that
these are cut-resistant, and not cut-proof (Bickel and
Diaz-Arias, 1990; Zugibe and Costello, 1995). The
author has cut his non-dominant hand while wearing
a Kevlar glove while attempting to dissect heavily cal-
cified coronary arteries. Kevlar gloves are often con-
sidered to be more comfortable and less cumbersome
than those made of chain mail, but both types will
reduce the dexterity and appreciation of fine touch of
the hand on which they are worn. Neither type offers
protection from needlestick injuries.

With a cut-resistant glove in place, a second pair
of surgical gloves is worn on top. Double-gloving
and frequent changing of gloves during the autopsy
(whether or not they appear damaged) is recom-
mended by some (Lucas, 1992) and felt to be an
unnecessary expense by others (Dunn, 1992). Dou-
ble-gloving helps to reduce the risk of injury, and has
the added benefit of reducing the transmission of the
odour of intestinal contents on to the hands. The
second pair of surgical gloves must also be of an
appropriate size. Gloves should be changed immedi-
ately if they become damaged (Burton, 2003).

The mucous membranes of the face require pro-
tection from splashes. A standard disposable surgi-
cal mask worn with goggles or a Perspex visor is
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Introduction

As with most of medicine, the risk for healthcare
workers (HCWs) of acquiring a disease from a
patient in mortuaries is small. Those workers -
which includes mainly pathologists (senior and
trainee) and anatomical pathology technologists
(APTs), but also students and others who attend
autopsies — need to know the potential hazards
within and around the bodies they deal with. Tuber-
culosis, a classic high-risk infection, still infects
healthcare workers in many settings.

Infection, radiation and chemical hazards need to
be considered in advance of examining a dead
person (i.e. risk assessment). There need to be proto-
cols on what to do (and when to ask for advice in
unusual cases). In addition, there must be systems
for checking that the procedures used follow the
protocols (governance) and for modifying the proto-
cols if and when better and safer alternatives arise.

Performing autopsies on people with known or
suspected high-risk infections (HRIs) is a divisive
issue of great concern to the directly interested par-
ties. Some mortuaries and their staff will not exam-
ine anyone with hepatitis B (HBV) infection on the
grounds that it is dangerous, even though it is man-
datory to be vaccinated against HBV in order to
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work within the health services. At the other
extreme, other mortuaries appear to operate without
any real risk assessment process before autopsy, and
so run the risk of significant infection to prosectors
(pathologists and APTs).

This chapter is written for pathologists (senior
and trainees) and APTs who work in mortuaries in
the UK. Guidelines and legislation concerning
autopsy practice, human tissue usage, safe practice
under conditions of serious infections, testing for
infectious agents, and consent issues are increas-
ingly complex and intertwined, and vary consider-
ably in different countries. Thus, although basic
good and safe practice should be universal, it
would be cumbersome and unhelpful to detail
national variations. The principles and practices
described here are applicable to all types of autop-
sies — adult, paediatric and perinatal, hospital/con-
sented and medicolegal - without distinction.
They also reflect the body of knowledge that
examining boards such as the Royal College of
Pathologists expect of successful candidates in
their diploma examinations.

Much detail on body handling, mortuary build-
ing regulations, ventilation and lighting, cleaning
and decontamination schedules is omitted; but this
is available from many government and non-



72 Autopsies and high-risk infections

government sources. Some lower risk, but important,
aspects of infectious disease autopsy practice are
considered.

What follows reflects the author’s extensive expe-
rience of examining deceased patients with serious
communicable diseases (SCDs) - i.e. high-risk infec-
tions. The basic message is that when performing
such autopsies there is, in nearly all cases, zero to
minimal risk (much less than that of many sports, or
simply travelling to and from home) provided the
following precepts are followed:

1. have a routine practice of risk assessment for
each and every autopsy;

2. know about the diseases that may be
encountered;

3. use universal standard precautions;

4. have agreed protocols (or standard operating
procedures) on how to manage the specific
high-risk infection scenarios;

5. ensure that all involved parties are signed up to,
and familiar with, the protocols;

6. follow the protocols, or be clear why one is
deviating in specific cases;

7. audit how case management actually happens,
and seek always to improve the procedures.

The governance of hospitals, pathology departments
and mortuaries is increasingly complicated. A mor-
tuary that is both effective (i.e. gets the right diag-
noses in difficult cases) and safe has to have a clinical
and experienced pathologist in ultimate charge and
as the accountable leader. He or she must work in
partnership with a similarly experienced technical
operational manager, such as a senior APT.

Sources of information

There are few recent standard autopsy book texts
that include infections and biosafety aspects (Fink-
beiner et al., 2009). Nearly all the important infor-
mation concerning infectious disease epidemiology
and management is available on websites, which are
easier to access than most journals and textbooks.
Thus references here are kept to a minimum, but
website addresses are indicated as sources - and for
readers’ personal updates as information changes.

The single most important generic practical
source is the HSE/Health Services Advisory Com-
mittee book Safe Working and the Prevention of
Infection in the Mortuary and Post-mortem Room,
2nd edition (Health Services Advisory Committee,
2003). This covers, in addition to autopsy practice,
mortuary facilities, body viewing, cleaning and
decontamination, hospital porter and funeral direc-
tor issues, and embalming. It should be available in
every pathology department and mortuary. Unfor-
tunately it is not currently available on-line but has
to be purchased from the HSE.

The
biosafety, incorporating all the complex and some-
times contradictory statutory requirements - for
example, the Management of Health & Safety at
Work Regulations 1999 (MHSWR) and guidance
principles — is the HSE Advisory Committee on
Dangerous Pathogens (ACDP) manual Biological
Agents: Managing the Risks in Laboratories and
Healthcare Premises. It is available on-line at www.
hse.gov.uk/biosafety/biologagents.pdf.

Useful general websites concerning the charac-
terisation, epidemiology, disease clinical pathology,
risks, and management of serious communicable
diseases in the mortuary are given in Box 7.1. Under
circumstances of unusual and unexpected deaths
from infections, including potential bioterrorism
(Lucas, 2008), urgent advice may be obtained via the
HPA website.

most comprehensive background to

Categorisation of high-risk
infections

Most diagnostic histopathology concerns cancer or
specific organ-based pathology. Hence there is less
emphasis on understanding and managing sus-
pected infectious diseases. Since 1976, numerous
‘new and emerging infections’ have been identified
(Box 7.2). With the exception of new variants of pan-
demic influenza, it does not mean that they are gen-
uinely ‘new’; they are all zoonoses transferred to
man, and have been causing human disease for
decades-to-thousands of years before being formally
identified.
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Categorisation of high-risk infections

Box 7.1 Websites for information on infections and their management in the mortuary

Health Protection Agency (HPA)

www.hpa.org.uk

Health and Safety Executive (HSE) and its various subcommittees

www.hse.gov.uk

Advisory Committee on Dangerous Pathogens

www.advisorybodies.doh.gov.uk/acdp/
publications.htm

Royal College of Pathologists (RCPath) and its Guidelines for

Autopsy Practice, 2002

www.rcpath.org/index.asp?PagelD=240

Association of Anatomical Pathology Technologists (AAPT)

www.aaptuk.org

Human Tissue Authority (HTA) - in its revised Codes of Practice

includes some guidance on autopsy infections

www.hta.gov.uk

General Medical Council (GMC) - published guidance on Serious
Communicable Diseases (1997) which has since been withdrawn

www.gmc-uk.org/guidance/good_medical_
practice/good_doctors.asp

without comparably helpful replacement; this applied particularly to

consent for testing for suspected HRIs

Clinical Pathology Accreditation (UK) Ltd — has basic requirements

for mortuary biosafety

www.cpa-uk.co.uk

US Centers for Disease Control and Prevention (CDC) - has

www.cdc.gov

extensive resources available on infectious disease and cadaveric

handling

World Health Organization (WHO) - has constantly updated

www.who.int

information on the global epidemiology of infectious diseases, to be
consulted when considering returning travellers who have died

Hazard groups (HGs)

The categorisation of HRIs is based on the categori-
sation of biological agents by (in the UK) the Advi-
sory Committee for Dangerous Pathogens (ACDP),
under the umbrella of the HSE and of the Health and
Safety Commission (HSC), and similar bodies in
other countries. All infectious agents are placed in
one of four hazard groups, HG1 being relatively
innocuous and HG4 including the most lethal agents
known. Broadly, HRIs are those agents in groups
HG3 and HG4. The criteria for categorisation are:

o infectiousness and virulence;
« morbidity and mortality;

o capacity for epidemic spread;
 preventability;

o treatability.

It should be noted that the management guidelines
for these agents were primarily aimed at microbiol-
ogy departments and levels of containment — open

benches, extractor cabinets etc. They have been
transferred to mortuary procedures with varying
degrees of success and relevance, owing to the differ-
ent biosafety and logistical aspects of autopsy versus
laboratory practice.

The latest HG categorisation, Approved List 2004,
is available at www.hse.gov.uk/pubns/misc208.pdf.

HG3 and HG4 infections

Most UK mortuary infection problems arise in the
HG3 group, which includes the human immuno-
deficiency virus (HIV), hepatitis C virus (HCV) and
tuberculosis (TB). That said, HG2 includes Neisseria
meningitidis and group A Streptococcus pyogenes,
which do carry certain risks (see below).

HG3 agents have the following features (Health
Services Advisory Committee, 2003):

« abiological agent that can cause severe human
disease and presents a serious hazard to
employees;
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Box 7.2 Some of the newly recognised infectious

diseases in humans and when they were identified (the
list contains many HG3 and HG4 infections that cause

the most concern in mortuaries)

1976 Ebola virus

1976 Legionella spp

1977 Rift Valley haemorrhagic fever
1977 Delta hepatitis

1977 Hantaan hantavirus
1980 Human T-cell lymphotrophic virus type 1
(HTLV-1)

1980 Marburg virus

1982 Escherichia coli 0157
1983 Lyme disease

1983 Helicobacter

1983 HIV-1
1985 Enterocytozoon and other microsporidia
1985 HIV-2

1989 Hepatitis C virus

1991 Erlichia spp

1992 Bartonella spp

1993 Sin Nombre hantavirus pulmonary
syndrome

1993 Cyclospora spp

1994 HHV8 (Kaposi sarcoma virus)

1999 Nipah virus

2000 West Nile virus

2003 SARS coronavirus

2005 Pandemic influenza H5N1

o apossible risk of spreading to the community;
« usually the availability of effective prophylaxis

or treatment.

Cadavers with these infections can be autopsied
safely in most modern mortuaries when sensible

risk-prevention measures are instituted.

HG4 infections are agents of severe infections
with high mortality rates, likely to spread to the
community, and there is usually no effective proph-
ylaxis or treatment available. They include the many
filoviruses and arenaviruses that cause viral haem-
orrhagic fevers. If these infections are suspected or
known and an autopsy is required, then they have to
be performed under conditions of greater safety
than for HG3 cases, and the basic recommendation

is not to autopsy unless absolutely necessary.

For the concern of mortuaries in the UK, Box 7.3
lists the most likely HG3 agents. These may be

acquired in the UK or brought back by travellers.

Viruses

Bacteria

Parasites

Fungi

Prions

Box 7.3 Hazard group 3 infections, classified by main type
(omitting detailed virus classes); not all known HG3 agents
are included

Avian flu

Human immunodeficiency viruses (HIV)
types 1 and 2

HTLV types 1 and 2

Hepatitis B, C, D(delta), G and E and not-
yet-identified hepatitis viruses

Dengue viruses types 1-4

Most hantaviruses

Japanese B encephalitis

Lymphocytic choriomeningitis

West Nile fever

Yellow fever

Rabies

Severe acute respiratory syndrome
(SARS) coronavirus

Chikungunya and Rift Valley fever
viruses

Bacillus anthracis

Brucella spp

Burkholderia mallei

Chlamydia psittaci

Coxiella burnettii

Escherichia coli verocytotoxigenic strains
0157, 0103

Mycobacterium tuberculosis

Mycobacterium leprae

Rickettsia spp.

Salmonella typhi and paratyphi

Shigella dysenteriae

Yersinia pestis

Echinococcus granulosus and
multilocularis

Leishmania donovani and brasiliensis

Naegleria fowleri

Plasmodium falciparum

Taenia solium

Trypanosoma brucei rhodesiense

Blastomyces dermatitidis

Cladosporium spp

Coccidioides immitis

Histoplasma capsulatum

Paracociccidioides brasiliensis

Penicillium marneffei

The agents of Creutzfeldt-Jakob
disease, variant CJD, and the
inheritable transmissible spongiform
encephalopathies (TSE)



Box 7.3 includes a large number of infective agents
where one may query the stringency of precautions
that are actually needed for safe practice in the mor-
tuary (e.g. Mycobacterium leprae). Annex 1 in
Approved List 2004 in fact lists many HG3 agents
where not all the measures normally applicable need
be so applied for laboratory and scientific work,
according to the nature of the work and/or the
nature of the agent. These include not only, for
example, E. coli O157, Echinococcus spp and Plasmo-
dium falciparum, but also HIV and HCV.

This emphasises that mortuary work is not neces-
sarily comparable to laboratory work with infectious
agents. Similarly, with universal effective vaccina-
tion against HBV for mortuary HCWs, it is pointless
further to consider HBV as a high-risk infection.
While histoplasmosis is on the HG3 list, the life-
cycle form present in infected cadavers is not the
form that is infective to prosectors by inhalation. In
practice then, the real UK concerns are more focused
on a smaller list - to be discussed below alongside
appropriate practices — with the reminder that, if
and when other listed agents come up for considera-
tion, common sense is applied and one reviews the
potential diseases from sources of information.

Box 7.4 Hazard group 4 infections; not all known
agents are listed, but all HG4 agents are viruses

Hendra

Nipah

Smallpox

Russian spring/summer encephalitis and Omsk
tick-borne viruses

e Ebola, Lassa, Marburg and Crimean/Congo
haemorrhagic fever viruses

Principles and practice of risk reduction in the mortuary

HG4 infections, however, are all real risks to mor-
tuary prosectors and body handlers, and all must be
managed with great care and stringency (Box 7.4).

Acquisition of infection in a
mortuary

The routes of infection that may occur in the mortu-
ary are given in Box 7.5. With now-standard per-
sonal protection for mortuary HCWs, ingestion and
contamination of skin and mucosal surfaces really
should not occur. Inoculation and inhalation are the
important issues for risk reduction. Table 7.1 pro-
vides simple data on the likelihood of some HG3
infections, if breaches through personal protective
clothing and apparatus do occur.

Principles and practice of risk
reduction in the mortuary

As has been stated already, the key to satisfactory
and safe performance of HRI autopsies is routine
risk assessment, knowledge of the diseases that may
be encountered, the use universal standard precau-

Box 7.5 Routes of acquisition of infection in a
mortuary

Percutaneous inoculation

Inhalation

Ingestion

Skin contamination without inoculation through
the epidermis

e Contamination of mucosal surfaces (eye, mouth,
nose)

Table 7.1 Risks of acquiring a specific infection after significant exposure
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Route of infection TB HIV HCV (HBV |CJD | Fungi | Anthrax
Inhalation ++ - - - ? —a +b
Mucosa + 0.03% | - - ? - +P
Normal skin surface | ? - - - = = -
Inoculation + 0.3% |3% 30% |? + +P

? = insufficient data to be confident; the real risks of tuberculosis (TB) infection are not quantifiable,
but are significant.

a For fungal infections, the life-cycle phase in cadavers is not infectious by inhalation, but may be by
inoculation.

b For anthrax, the bacillus form in cadavers is not infectious, but the bacilli may convert to infectious
inhalable spores when exposed to air.
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tions, and having agreed protocols (or standard
operating procedures) on managing specific HRI
scenarios. In fact, the adoption of universal precau-
tions (see below) might be regarded as rendering
much pre-autopsy risk assessment redundant in
practice, since it effectively protects the wearers
against most risks. Similarly, several clinically severe
diseases such as salmonellosis, staphylococcal infec-
tion and vancomycin-resistant enterococci (VRE)
are protected against in the mortuary by universal
precautions. However, it is important to consider the
risks in each case because, if something goes wrong,
the management is made clear.

The ‘Safe Working’ guidance (Health Services
Advisory Committee, 2003) contains the necessary
information on these procedures, and this section
summarises and elaborates on the main points.

Risk assessment

One of the key duties under COSHH is risk assess-
ment of a case before acting in a manner that might
put workers in danger. The modes of pre-autopsy
risk assessment are indicated in Box 7.6.

Box 7.6 Risk assessment of a case for autopsy:
sources of information about known or possible HRIs

The clinical history on a consent form

The history as provided by a coroner

Direct information from the treating clinicians
Looking up the patient on a hospital laboratory
database for positive serologies, bacterial
isolates etc.

Information from hospital infection control
Information on an infection notice pro forma that
should accompany each cadaver to the mortuary
o External examination of the body (e.g. if
emaciated and/or unusual skin rash, ?HIV; if skin
injection marks, ?1VDU)

The autopsy suite

Does one need a separate autopsy high-risk suite to
perform such autopsies? The ‘Safe Working’ docu-
ment (Health Services Advisory Committee, 2003)
indicates that this is ‘ideal’ but not mandatory. What
is more important is the provision of good ventila-
tion in the working areas (autopsy table and dissec-

tion bench) and sufficient space and distance away
from other activities.

Whole-room ventilation with the draught pass-
ing from ceiling height down and across the tables,
exiting at floor level, is satisfactory. Alternatively,
down-draft tables work well also.

Having all the necessary equipment to hand is
important, to obviate having to leave the area to find
more material.

The NHS Estates regulations on mortuary facili-
ties are published in HBN 20: Facilities for Mortuary
and Post-mortem Room Services (3rd edition, 2005).
These are not available on-line, but from The Sta-
tionery Office (www.tso.co.uk/bookshop).

Behaviour and technique

Knowing the hazards determines how one operates, in
conjunction with colleagues, doing an HRI autopsy.
Training and demonstration of good safe practice is
critical. Trainee pathologists may find it hard to get
experience if their seniors consider HRI work too dan-
gerous for them. Trainee APTs are usually inducted
into such work in a more planned manner, led in part
by the specific requirements of curriculum and Royal
Society for Public Health (RSPH) diploma examina-
tions. It is all common sense:

¢ round-ended scissors and PM40s are safer than
sharp-pointed ones;

¢ restrict the number of sharps in the working
area, and always know where they are;

* only one prosector operates within the body
cavity at a time;

* always slice unfixed organs with a sponge
holding the organ firm and protecting that hand;

* on sawing the skull, use an oscillator saw with
suction extraction of the bone aerosol into a
removable chamber, or a hand saw with a
chain-mail glove;

* do not sheath needles after fluid sampling, but
place the needle and syringe into a sharps
bucket.

Staff in attendance

As the ‘Safe Working’ document states, for known
high-risk autopsies, it is ‘ideal’ (but not mandatory)
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that the team on the case involves not only the neces-
sary APT and pathologist, but another, circulator,
assistant (Health Services Advisory Committee,
2003). This person undertakes ancillary tasks
(sample labelling, communications). In practice, we
find this to be unnecessary in most high-risk scenar-
ios; frequent HRI autopsies enables one to know
what will happen in nearly all cases, and have all the
requisite bottles, containers, fixatives, forms etc.
already prepared and labelled. In a suspected HG4
death scenario, however, such an assistant is crucial;
how she or he would be attired depends on the
nature of the expected pathogen.

Universal precautions and personal
protective equipment

It has taken several decades of sloppy practice to
arrive at the position where nearly all autopsy work
in the UK is undertaken under conditions of stand-
ard (and effective) safety. While some mortuaries
(lacking clinical governance) may be defective, hos-
pital mortuaries are obliged to insist on good prac-
tice. In fact, all employers have to protect the health
and safety of their employees under the Health and
Safety at Work etc. Act 1974.

The key to this is personal protective equipment
(PPE). For clothing of pathologists and APTs, it is
standard for all autopsies that prosectors wear the
following, which are either disposable or cleanable
and reused:

* surgical scrub suit;

* hat to protect hair;

e clear visor to protect the face, eyes and mouth;

* respiratory protection, either as a standard
surgical mask or a FFP3 mask which more
effectively excludes small particles of infective
material (Fig. 7.1);

¢ waterproof gown that covers the entire body,
including the forearms;

¢ plastic apron over the gown;

¢ rubber boots with metal-protected toecaps and
dorsal reinforcement;

¢ latex gloves (or other equivalent material);

¢ under these gloves, protective gloves made of
Kevlar or neoprene that is cut-resistant (Fig. 7.2).
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With this protection, most of the HG3 agents are as
well protected against as is reasonably possible.
Blood-borne viral agents are effectively excluded.
Only agents that are transmitted by inhalation are
not optimally (i.e. 100 per cent) protected against.

Additional personal protection

Tuberculosis has ever been a risk to mortuary staff
(see below). Surgical masks do not adequately pre-
vent infective aerosols getting into the respiratory
tract. FFP3 masks are intended to be at least 95 per
cent effective (hence they are also termed N95 masks
in the USA). For those who want essentially 100 per
cent protection, then prosectors can employ a whole-
body suit with a powered air-purifying respirator
with high-efficiency particulate air (HEPA; Fig. 7.3)
filters, or the modified version that retains the head
gear without having the whole body being so pro-
tected. These suits are not currently standard issue
in UK mortuaries, but it is not impossible that they
will be so for TB cases in the future. They are expen-
sive to purchase and maintain. In the writer’s unit,
they are used mainly for examining chemical toxic
deaths such as cyanide poisoning.

Figure 7.1 FFP3 mask — becoming the norm for all
autopsies.
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(@) (b)

Figure 7.2 Gloves: Kevlar protective layer (a) under latex

o).

When bones are being sawn and the skull opened,
some prosectors wish for additional hand protection
and replace the fibre under-glove with a fine-mesh
metal glove. This is satisfactory although manipula-
tion is impeded, and it takes getting used to.

What to do in case of injury in the
mortuary

Most mortuaries have standard procedures that dic-
tate what happens when there is an accident. These
will mostly be penetrating cuts through gloves with
puncture of the skin. Encouraging bleeding with
washing and cleaning of the wound comes first, fol-
lowed by consideration of the case and the possible
infective risk incurred.

Hospital occupational health (OH) units are
familiar with the problem, and their advice should
be sought. The incident has to be logged and
reported locally. If the infection in the cadaver is
already known, then appropriate action follows. For
HIV infection, it is standard that exposed HCWs are
offered a 1-month course of multi-drug therapy; for
needlestick injuries, this has been shown to reduce
the risk of HIV infection by 80 per cent (Expert
Advisory Group on AIDS, 2008). For HCV, unfortu-
nately there is no prophylaxis currently offered - just
monitoring to detect infection if it occurs, with later
appropriate treatment.

Ifthe type of infection in the cadaver is not known
but is suspected to be a blood-borne virus, then the

procedures indicated below in ‘Pre-mortem and
peri-autopsy testing for HRIs’ should be followed.
Under the Reporting of Injuries, Diseases and
Dangerous  Occurrences  Regulations 1995
(RIDDOR), the Incident Contact Centre (ICC) in
Caerphilly is to be notified if a HCW, through work:

o isinfected with a pathogen on the list (mainly
HG3 and HG4 agents); or

« suffers a ‘dangerous occurrence’ such that the
incident could have resulted in such infection.

How assiduous mortuaries are in such reporting is
unclear. The critical thing is to have prepared proto-
cols on what to do in case of injury.

Trimming sampled HRI autopsy material

The optimum histopathology is always obtained
from well-fixed and well-orientated tissue blocks.
This entails fixation for 24 hours before trimming,
and is the author’s practice. The advent of the
Human Tissue Act 2004 has made the bureaucracy
of tissue retention significant, to the extent that
mortuary and other staff are less willing to have
pathologists take tissue samples (particularly in
medicolegal cases). When tissue is retained it is pre-
ferred that it be cassetted at the time of autopsy, so
that there is no residual tissue to manage.

For HRI work, this approach must be resisted, as
diagnostic optimisation is the main concern. A
second, practical, aspect that supports pre-fixation
is that trimming thin slices of tissue frequently
causes glove puncture and may result in inoculation
of infective agents.

Vaccination schedules

Under standard conditions of employment in expo-
sure-prone professions, it is mandatory that all mor-
tuary HCWs be successfully vaccinated against HBV
(i.e. produce an antibody response) and have had
BCG vaccination against tuberculosis.

Although it is not mandatory, several mortuaries
sensibly further protect APTs and some medical
staff with hepatitis A vaccine and top-up vaccina-
tions against diphtheria, poliomyelitis and tetanus.
If and when an effective meningococcal vaccine



Figure 7.3 Whole-body ventilated suit: (a) shows the front,
(b) shows HEPA filter providing clean air on the back.
Might this be the future for all autopsies? It is safe, but
communication is not easy.

against the strains that cause most deaths is avail-
able, this should also be on the list.

Further vaccination than this is arbitrary and
depends on location and case mix. If the mortuary is
co-located with an infectious disease clinical centre
and/or near an international airport, then yellow
fever and rabies vaccines are seriously to be consid-
ered. If the mortuary is likely to receive casualties of
suspected bioterrorist attack, then smallpox and
anthrax vaccine may also be considered - see ‘Bio-
terrorism’ below (currently no mortuary staff in the
UK have been offered these prophylactically).
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(o)

Post-autopsy practices: viewing,
information for funeral directors, and
repatriation

The viewing of bodies with known or suspected HRI
causes much grief if mortuaries or funeral directors
refuse relatives this right because of concern over
transmission of an infection. This is, essentially, non-
sense: the relatives have been closely contacting the
deceased up to the time of death, so what has changed?
With a very few exceptions (HG4 agents), viewing of a
properly cleaned post-autopsy body is safe.
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Funeral directors rightly expect some informa-
tion on the likely risk entailed in handling a cadaver,
including embalming. ‘Safe Working’ addresses
this. In order not to break patient confidentiality, it
is best just to indicate the HG category of infection
on the Infection Control Notification form, and
state whether it is blood-borne or not. The HSE pub-
lishes Controlling the Risks of Infection at Work from
Human Remains. This guide for those involved in
the funeral services (including embalmers) and
those involved in exhumation is available on the
HSE website.

For repatriating bodies by air cargo, most han-
dlers require a ‘Freedom from Infection’ or similar
document signed by a pathologist. If there is an HG3
or HG4 infection in the body, the writer’s unit prac-
tice is to state (for example) that: ‘there is a Hazard
Group 3 blood-borne virus infection that poses no
risk when the body is placed in a hermetically sealed
coffin’ - using a Notification of Infection form.

Specific high-risk infections

This chapter is not a summary text of high-risk
infection (HG3 and 4) pathology. It is worth noting
some particular points that pathologists in the mor-
tuary may find useful in discharging their obligation
of identifying the clinical pathology in the deceased.
Also, epidemiological changes in certain HG3 infec-
tions in the UK are important.

HIV disease

The acquired immunodeficiency syndrome (AIDS)
was first identified clinico-pathologically in 1981.
Autopsy examinations provided a large quantum of
the information that was rapidly gained about this
‘new’ disease. The main virus, HIV-1, was identified
in 1983, then the West African HIV-2 in 1985. Cur-
rently some 45 million people globally are living
with HIV. A standard source of information on the
epidemiology and clinical aspects is from UNAIDS
(www.unaids.org).

Transmission of HIV is by sexual contact, from
mother to fetus, by injection of contaminated fluids
(intravenous drug users; IVDUs), by receiving
infected blood products (haemophiliacs etc.), and,

occasionally, by inoculation of infected material into
healthcare workers.

In the UK, the demography of HIV has changed
markedly. Initially it was confined to men who had
sex with men (MSM), haemophiliacs and some
IVDUs. Since the mid-1990s, immigrants from Africa
- men, women and children — who bring HIV with
them have dominated newly identified infections,
which currently run at about 7300 per year (see www.
hpa.org.uk for quarterly updates on the UK epidemi-
ology). With the advent of effective multi-drug
chemotherapy for HIV after 1996, most HIV-infected
people who present to health centres and are diag-
nosed in time will expect to live a nearly normal life
span. That said, the single most common scenario of
death from HIV in the UK currently is late presenta-
tion: patients with advanced HIV disease who present
for healthcare but are too ill to be saved, and were not
previously known to be infected (Lucas et al., 2008).
This emphasises the need for more widespread HIV
testing before clinical symptoms commence. About
500 HIV-infected people die each year in the UK.

Thus the pathologist may be in the position of
diagnosing HIV disease for the first time in such a
patient. It must be emphasised that this is a small
minority of the HIV patients who may come to
autopsy. Most are already known to be infected, and
the writer’s personal UK experience is that fewer
than 10 per cent of HIV autopsies are diagnosed as
HIV-positive this late (see ‘Pre-mortem and peri-
autopsy testing for HRI” below).

Risk of acquiring HIV infection at autopsy

Nearly all the information on infection risk to HCWs
derives from phlebotomists’ experiences, and the
standard risk is approximately 0.3 per cent (1 in 300).
One pathologist is known to be infected, having cut
his hand during scalp removal (Johnson et al., 1997),
but there presumably have been others. There are
two important principles to bear in mind:

* A cadaver that contains HIV will continue to be
potentially infective despite refrigeration and
the passage of time. Thus delaying such an
autopsy is pointless with regard to risk
reduction, and only blurs its diagnostic utility
through autolysis (Lucas, 1993).


www.hpa.org.uk
www.hpa.org.uk
www.unaids.org

* Modern therapy renders many HIV-infected
people effectively non-infectious at autopsy. The
risk of infection depends on the HIV viral load
in the tissues and blood, and therapy aims to
reduce this to undetectable levels. While this
may be reassuring to prosectors, it does not
remove the need to pursue the normal relevant
safety protocols.

While there is not likely to be an effective prophy-
lactic HIV vaccine in the foreseeable future, post-
exposure prophylaxis is available and effective (see
above).

Specific pathological aspects of HIV
autopsies

The range of HIV-associated infections, tumours
and degenerative conditions is large and continues
to expand as patients live longer. Numerous sources
of information are available in books, journals and
websites on these clinicopathological aspects. Some
aspects are less well known or are particularly diffi-
cult, and these are summarised in Box 7.7.

Tuberculosis

Against expectations 30 years ago, TB has not been
eradicated as a public health problem in any country.
In fact the incidence and prevalence rates of infec-
tion increase almost everywhere, driven by four
factors: increasing global population, poverty,
migration from poor to rich countries, and immuno-
deficiency (particularly HIV infection).

In the UK, an overall annual incidence for newly
diagnosed pulmonary plus extra-pulmonary TB of
14 per 100000 hides wide geographical variations: in
London it is 43/100 000, while in Northern Ireland it
is below 5/100000. This reflects demography, immi-
gration and HIV (data from the Office for National
Statistics and the HPA (2008): www.hpa.org.uk).

Much of the TB identified at autopsy is not diag-
nosed pre-mortem;
observations), there is much clinical over-diagnosis
of TB which turns out to be other diseases at autopsy
(particularly autoimmune disease, vasculitis and
lymphoma).

Traditionally, autopsies on known or suspected TB

and conversely (personal

Specific high-risk infections

Box 7.7 Specific points about HIV autopsies in the UK

. About a half of deaths of HIV-positive individuals

are from standard HIV-associated conditions
(opportunistic infections, lymphoma etc.). The
others include accidents, drug overdose and
suicide; and an increasing number of HCV-related
liver disease as HCV-HIV co-infection is
increasingly common. Further, as the
HIV-infected population ages and lives longer,
cardiac ischaemic disease and chronic
obstructive pulmonary disease are more
commonly seen as final events. HIV and its
therapy have complex interactions with these
pathologies.

. The number of anti-HIV therapies expands and

brings with it toxicity. Few deaths are directly
related to HIV therapy (e.g. liver toxicity or
Stevens-Johnson syndrome), but these complex
aspects need to be considered carefully in the
final evaluation of a case. Second, there is the
immune reconstitution inflammatory syndrome
(IRIS) that frequently occurs early after initiating
HIV therapy. This can kill through inflammatory
expansion of lesions (e.g. tuberculosis in the
brain) or enhanced local tissue damage (e.g.
ARDS in the lung, or HIV encephalitis in the brain).

. The neuropathology of HIV disease is more

complicated than the standard texts indicate.
Thus if the case is specifically brain/
cord-focused, ensure that adequate sampling is
done (fixed and fresh tissue, for combined
histopathology and microbiological
investigations) to solve the problem.

. Many puzzling deaths in HIV patients revolve

around multi-organ failure (MOF) ‘?cause’. The

aetiopathogenesis can be difficult to determine,

even at autopsy, and the following entities should
be considered when more obvious causes are
eliminated:

- haemophagocytic syndrome (HPS), primary or
secondary to sepsis;

- HHV8 infection and multi-centric Castleman’s
disease (MCCD);

- lymphoproliferative disorders (LPDs), including
B- and T-cell ymphomas, Hodgkin’s disease,
and EBV-driven LPD.

Thus, sampling of lymph nodes, spleen, liver and

bone marrow is critical.

patients have been two-stage processes, whereby for-
malin is tipped via the upper airways into the lungs,
and the body is only dissected the next day, nominally
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to reduce the risk of infection to HCWs in the mortu-
ary. There is no positive evidence to substantiate this
practice, and there are four other facts against it:

* It wastes time and resources.

* The formalin will not gain access to extra-
pulmonary TB loci.

* It might destroy the chance to obtain cultures
for TB, which may be critical for diagnosis in
uncertain cases, and important for
drug-sensitivity testing, strain profiling, and
contact tracing.

* Mycobacteria may remain viable in formalin-
fixed (and embalmed) tissues for days (Gerston
et al., 2004).

Thus best practice is to get on with the autopsy using
the standard protective measures.

What can happen in unprotected circumstances
was well evidenced by a small outbreak in the USA,
where one previously unknown TB cadaver was
autopsied. All five attendant HCWs acquired the
infection, and two of them became sputum-positive
- ie. developed disease (Templeton et al., 1995).
BCG vaccination does not convey immunity to
infection. However, TB is a very treatable condition.

Tissue sampling is very important for microbio-
logical diagnostics (culture and molecular tech-
niques such as PCR) for species identification and
drug sensitivities. In the twenty-first century, it is
not adequate for a pathologist to say that TB is
present on the basis only of acid-fast bacilli and
granulomatous inflammation, with or without
necrosis - if and when the pathologist could have
gone further with microbiological sampling. Drug-
resistant TB is fortunately uncommon in the UK (1.2
per cent of new diagnoses; see the HPA website). Box
7.8 indicates some practical points about suspected
TB autopsies.

Hepatitis C virus (HCV)

HCV was identified onlyin 1989, but it is already one
of the fastest growing infectious diseases epidemio-
logically. It causes chronic liver disease in about 80
per cent of those infected, which results in end-stage
liver diseases (cirrhosis, carcinoma, liver failure)
over a period of 20 or more years. Although HCV

Box 7.8 Some points about tuberculosis autopsies

1. Tuberculosis may be grossly evident or occult, so
alow threshold of suspicion is essential, with
histological and microbiological confirmation
undertaken.

2. Drug-resistant TB is no more (or less) infectious
at autopsy than drug-sensitive TB.

3. Unusual patterns occur in the absence of typical
coexistent sentinel lung pathology; e.g. in the
brain, heart, bones.

4. ‘Miliary TB’ may be mimicked by a large number
of other pathologies, particularly in the lungs (Fig.
7.4), such as:

- carcinoma and lymphoma;
- herpes simplex and varicella zoster
pneumonitis;

nocardiosis;

histoplasmosis, aspergillosis, and other fungal

infections;

- toxoplasmosis;

- pneumocystosis;

- chalk nodules from chronic intravenous drug

use.

Figure 7.4 Gross lung slice showing miliary necroses. It
could be one of many aetiologies including tuberculosis (it
is actually toxoplasmosis).



Box 7.9 Some points about HCV at autopsy

1. Inthe mortuary setting, only a minority of
HCV-infected patients have cirrhosis or grossly
advanced liver disease.

2. Because of the associations, HCV-infected
persons may have many other co-morbidities,
such as illicit drug toxicity and HIV disease.

3. HCV does cause disease in organs other than the
liver. Cryo-globulinaemia (skin lesions) and
glomerular disease are well documented.
Cerebral disease, with an undetermined
morphological counterpart, is also of increasing
interest.

infection is treatable, the cure rate is not impressive,
and there is no prophylactic vaccination.

In the UK, about 0.5 per cent of the population is
now infected, again with regional differences (see
the HPA website). The main routes of infection are:
intravenous drug use, contaminated blood products,
liver and renal dialysis (though these routes have
been nearly eliminated in industrialised countries),
and some sexual transmission. For HCWs in the
mortuary, the risk is entirely through accidental
inoculation of blood and tissues through the skin.
Box 7.9 indicates some HCV-related autopsy aspects.

Prion diseases

Classical Creutzfeldt-Jakob disease (CJD) has an
annual incidence of about 1 per million in most pop-
ulations; thus it is rare in the average mortuary. The
recent epidemic of variant CJD (vCJD), derived from
consuming contaminated beef, may well have passed
the peak, and may or may not be a threat to UK citi-
zens through iatrogenic contamination. The inher-
ited transmissible spongiform encephalopathies
(TSEs) are even rarer.

Nonetheless, suspected TSE cases come for
autopsy and require evaluation; pre-mortem tests,
such as measuring protein 14.3.3 in the cerebrospi-
nal fluid (CSF), imaging and EEGs do not have very
high sensitivity and specificity rates. Personal obser-
vations suggest that about one in three cases submit-
ted for autopsy as clinically ?CJD” has that disease;
the rest have Alzheimer, Lewy body or vascular
dementias.

Specific high-risk infections

Box 7.10 Suggested procedures for suspected prion
disease autopsy and histopathology

1. The autopsy procedure is undertaken by a
pathologist and two APTs, wearing standard
protective clothing plus FFP3 mask.

2. The body bag containing the cadaver is opened
and draped by absorbent material all around.
These are incinerated later.

3. Thedissection of the organs after evisceration is
performed on a small covered table placed over
the body; fluid spillage is thus minimal or absent.

4. Thereis adedicated set of basic instruments
(scissors, forceps, hand saw for the skull) which
are only used for ?TSE cases, and are returned
to a labelled box after cleaning.

5. Disposable instruments - scalpel, organ cutting
blade, suturing needle - are disposed of by
incineration after the autopsy.

6. The brain is removed by a stryker hand saw - not
by an electric saw, nor with the head encased
within a clear plastic protective bag.

7. The extent of the rest of the autopsy is dictated
by the clinical information, and usually does not
involve wholesale removal of organs, but only
sampling, to confirm, for example, terminal
pneumonia. If vCJD is suspected, samples of
spleen, lymph nodes and tonsil are always taken.

8. The brain is fixed in 10% formalin for 2 weeks,
then cut with a disposable brain knife. The
trimmed blocks are post-treated in 96% formic
acid, then formalin, before processing alongside
other histological material in the routine tissue
processing machine.

9. The original fixing formalin, the 96% formic acid,
and the post-formic acid formalin solutions are
disposed of separately as clinical waste.

10. The wax block trimmings are not disposed of
separately in a clinical waste bag.

11. To confirm or exclude the prion diagnosis, a
minimum of three brain blocks - cerebellum,
frontal lobe, hippocampus - are referred to the
neuropathology centre where the appropriate
panel of immunostains for prions and markers of
other dementia conditions can be performed.
This is considerably cheaper than a full
neuropathological autopsy, and will capture all
prion +ve cases, even if it may not confidently
confirm alternative diagnoses.

12. If a case of TSE is identified when not previously
suspected, then the tissue wax blocks are
processed back to alcohol and water, post-fixed
in formic acid, and reprocessed to paraffin wax.
(This procedure will become standard in UK
laboratories for such autopsy and surgical
biopsy material.)
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The risk to HCWs of infection is historically zero.
No mortuary or histopathology laboratory worker
has contracted CJD in the course of his or her work.
However, a large body of protocols has been devel-
oped to ensure that HCWs do not become infected
(Bell and Ironside, 1993; Finkbeiner et al., 2009). All
are agreed that such autopsies should be done with a
separate dedicated set of (ideally disposable) dissec-
tion instruments, with as little contamination
beyond the body or autopsy table as possible. The
brain must be immersed in formalin and fixed for at
least 2 weeks before cutting; and all histopathology
sample tissues are to be post-fixed in 96% formic
acid for 1 hour to minimise prion infection in the
tissue wax blocks, followed by formalin. Thereafter
it is safe to cut histopathological sections, and to file
the slides and blocks in the main archives.

Where there are disagreements is over the number
attending the autopsy; the level of pathologist and
APT personal protection; how the brain is removed;
the appropriate extent of the extracerebral autopsy
examination; and whether the debris from wax block
cutting requires separate disposal procedures.

Thus each unit will develop its own procedures.
Box 7.10 indicates the procedures at the author’s
department. The government information site for
managing suspected TSE in laboratories and mortu-
aries is www.advisorybodies.doh.gov.uk/acdp/tse
guidance/index.htm.

Rabies

Rabies occurs infrequently in the UK and is virtually
always imported. There has been one recent case
acquired from bats within the British Isles. Rabies is
nearly always fatal. If suspected, the diagnosis can in
fact be made by skin biopsy of the neck and appro-
priate immunohistochemistry (IHC), in life or
post-mortem.

If an autopsy is required, then the most important
aspect is that all HCWs who eviscerate, examine or
sew up the cadaver have had previous successful
rabies vaccination. This established, a standard
autopsy is done; fresh brain tissue is usually taken to
the appropriate research laboratory for diagnostic
confirmation by rapid IHC. The fixed brain (and

other organ) tissue can be safely trimmed and proc-
essed for light microscopy etc. Identification of the
typical Negri bodies in neurons confirms the diag-
nosis. See the HPA and CDC websites for more
information.

HG2 high-risk infections

HG2 infections are not normally, by definition, of
particular safety concern in the mortuary. However,
three specific bacterial infections should be noted,
evaluated proportionately, and appropriate precau-
tions taken; that is, standard universal precautions
will be sufficient.

Meticillin-resistant  Staphylococcus — aureus
(MRSA) infection is now notorious as a major hos-
pital-care-acquired infection (HCAI). Like any
other staphylococcal infection, it can be acquired
in the mortuary through inoculation, and may be
more difficult to treat. It is important that the
pathologist places its contribution to a death in the
context of the whole case, and neither over- nor
under-emphasises its significance. In practice,
MRSA surface or nasal colonisation per se is unim-
portant, while MRSA bacteraemia or visceral sepsis
usually is important.

Clostridium difficile-associated colitis (Cdif) is
another HCAL It is not infectious to prosectors from
a diseased cadaver. In suspected cases, it is impor-
tant to confirm or exclude this disease because of its
importance in hospital hygiene. Faeces should be
sent to the microbiology department for evaluation
of the Cdif toxin; the differential diagnosis of
pseudo-membranous colitis (PMC) includes ischae-
mia and cytomegalovirus infection, which are eval-
uated histologically.

Group A Streptococcus pyogenes infection (GAS)
is a classical severe infectious disease that has killed
and will continue to kill large numbers of humans in
all regions. It is known as the main agent of necrotis-
ing fasciitis, and it is still a significant cause of UK
maternal mortality (e.g. puerperal sepsis) (Confi-
dential Enquiry into Maternal and Child Health,
2007). One reason for performing blood cultures on
cadavers in the unexplained sudden-death scenario
is to identify GAS infection. It is important to mor-
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tuary HCWs, since accidental inoculation can result
in significant local or systemic disease.

HG4 high-risk infections

These are rarely encountered in the UK; none are
endemic and all suspected cases are imported by
returning travellers or nationals from endemic
zones. One case of a viral haemorrhagic fever infec-
tion (VHF) is diagnosed every year or so in the UK.
In contrast, many suspected cases arrive in mortu-
aries to be resolved by a mixture of pre- and post-
mortem testing of appropriate blood and other fluid
samples. In the writer’s experience, the main simula-
tors of VHF infections are streptococcal infection,
chemical toxicity, haemophagocytic syndrome, and
meningococcal sepsis.

The Health Protection Agency (HPA) has labora-
tories in Colindale (London N'W10) and Porton
Down (Wiltshire) where all the appropriate tests are
performed within 24 hours of receipt. The HPA web-
site provides the contact details.

Box 7.11 What to do if a dead person is suspected of
harbouring a HG4 infection

1. Courier pre-mortem blood samples (ideally) or
post-mortem blood to the HPA laboratory.

2. This will be tested for the range of VHF infections
appropriate to the patient’s likely provenance (i.e.
travel history).

3. It will also be tested for dengue, yellow fever,
malaria and leptospirosis.

4. If positive for any of these, with the exception of
VHF, then the autopsy is safe to proceed with
under the standard conditions for blood-borne
HG3 infections such as HIV; if malaria, then less
stringent conditions are appropriate.

5. Ifnoinfection is identified, then examine the cadaver
with the many differential diagnoses in mind.

6. Ifitis atrue VHF, then serious consideration is
needed as to whether an autopsy is necessary at
all. Ifitis done, it has to be under strict conditions
of personal protection, including a full body suit
with a powered air-purifying respirator with
high-efficiency particulate air (HEPA) filters.
There are few mortuaries in the UK that function
at this level, and thus further description is
unnecessary here.

Pre-mortem and peri-autopsy testing for HRIs

The procedure recommended in the Royal Col-
lege of Pathologists’ 2002 guidelines is reiterated in
Box 7.11. Smallpox is considered under ‘Bioterror-
ism’ below.

Pre-mortem and peri-autopsy
testing for HRIs

The General Medical Council’s 1994 guidance on
SCDs stated:

Where a post-mortem examination is to be
carried out, doctors may undertake testing of a
deceased patient for communicable diseases in
order to establish the cause of death. Where there
is a reasonable suspicion that the patient may
have been at high risk of an infectious disease,
suitable precautions should be taken to protect
the healthcare workers concerned, but prior
laboratory testing for communicable disease is
not essential to the process and should not be
considered routinely. Disclosure of positive test
results may take place in confidence to healthcare
workers directly involved in post-mortem
procedures and to known sexual partners and
other contacts considered to be at risk.

This GMC guidance has been withdrawn, but without
any definitive statements regarding the legal position.

The Human Tissue Authority (HTA) has not (yet)
produced guidance, so the author’s unit practice is
presented here:

1. There is no justification for universal
pre-autopsy testing of body fluids for SCDs.
‘Safe Working’ concurs.

2. Peri-autopsy testing for SCDs that are not already
known pre-mortem can and should be done if the
clinical and pathological evidence suggests the
possibility, and knowing the results will influence
the consideration of cause and circumstances of
the death.

3. If a healthcare worker is accidentally exposed to
a SCD through inoculation, then the cadaver
should be tested promptly, while the HCW
attends the occupational health clinic for
baseline screening, post-exposure prophylaxis if
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appropriate, and arrangement of follow-up
visits. Information that the cadaver is or is not
so infected must be passed promptly to the OH
clinic. If there is any hesitation about testing a
cadaver for a high-risk infection when a HCW is
injured, remember that the health and safety of
our staff is more important than the ethical,
legal and tissue retention niceties of consent.

4. If a significant infection is so discovered in a
cadaver that was not hitherto known (and this is
mainly HIV, HCV and HBV), then the next of
kin or partners have to be informed (duty of
care). This can be done via the general
practitioner, hospital clinician or the local
authority consultant in communicable disease
control (CCDC); as a last resort, the pathologist
is obliged to communicate directly.

Bioterrorism and pandemic
influenza

These are included in this chapter because of per-
ceived threats to public health, and an immense
amount of preparation that most industrialised
countries” health departments and local government
planners have put in place.

Bioterrorism

Bioterrorism is an area of ignorance among UK
medical staff, including pathologists. This is para-
doxical since it is pathologists and APTs in the mor-
tuary who are more likely to be involved closely than
many other medical and paramedical staff. It is
defined as:

... the use or threatened use of biologic agents
against a person, group, or larger population to
create fear or illnesses for purposes of
intimidation, gaining an advantage, interruption
of normal activities, or ideologic activities. The
resultant reaction is dependent upon the actual
event and the population involved and can vary
from a minimal effect to disruption of ongoing
activities and emotional reaction, illness, or death.

(Nolte et al., 2004)

In the late 1990s, the Centers for Disease Control and
Prevention (CDC), the federal public health institute
in the USA, consulted experts and drew up a consen-
sus list of the most likely and dangerous agents that
bioterrorists might use. They comprise the so-called
category A list (Centers for Disease Control and Pre-
vention, 2000; Nolte et al., 2004):

« smallpox (variola);

o anthrax (Bacillus anthracis);

o plague (Yersinia pestis);

o tularaemia (Francisella tularensis);

o botulism toxin (Clostridium botulinum);

« viral haemorrhagic fevers (Ebola, Lassa,
Marburg viruses).

Following the anthrax attack in 2001 in the USA,
these were consolidated. Two further categories of
infective agents were then considered that might be
used in a bioterrorism attack, but carried a lower
mortality than the category A list agents. One stimu-
lus to including these was the perception at the CDC
that the diagnostic capabilities for these agents
needed to be improved and expanded nationally.
They can be studied on the CDC website.

Detailed consideration of how a bioterrorism threat
will be managed in theory and practice, and how mor-
tuaries will function, is beyond the remit of this chap-
ter, but information is available in textbooks (Lucas,
2008) and online from the HPA (www.hpa.org.uk/
infections/topics_az/deliberate_release/menu.htm).

Pandemic influenza

Every few decades, a new strain of influenza virus
emerges from avian influenza viruses. If it can infect
man and combine with an existing human strain
that makes it easy to transmit to other humans, then
the potential for pandemic influenza (PF) exists.
The potential for significant morbidity and mortal-
ity, and great disruption to social and hospital serv-
ices, is evident. Recently a new avian strain, H5N1,
has caused hundreds of deaths already, mainly in the
Far East, and has yet to acquire the property of easy
human-to-human transfer. At the time of writing
there is a pandemic of HIN1 influenza, with a slowly
rising death toll in the UK, particularly among those
with co-morbidities and pregnant women.


www.hpa.org.uk/infections/topics_az/deliberate_release/menu.htm
www.hpa.org.uk/infections/topics_az/deliberate_release/menu.htm

If there is a serious epidemic of pandemic influ-
enza in the UK, then pathologists and APTs will be
at the front line for making the first diagnoses, in
cadavers. Once the clinical pathology of the disease
has become familiar, then the need to autopsy those
with suspected PF will fall, and only those cases of
medicolegal importance will be pursued.

The infectious agents are not (unlike bioterrorism
agents) in the HG3 and HG4 categories once the ini-
tial phase of the epidemic has passed. Nonetheless, it
is likely that there will be reluctance among mortu-
ary HCWs to perform such autopsies. Standard pro-
tection (as for TB autopsies) is sufficient, and there
will be provision of the antiviral chemotherapy
(oseltamivir) for those exposed.

It will be important that a standard tissue sam-
pling protocol is followed so as to optimise the diag-
nosis of suspected PF in a cadaver. This has been
posted, along with health and safety guidance, on
the Royal College of Pathologists website: http://
www.rcpath.org/resources/pdf/g020 adviceautopsy-
influenzaaoct09.pdf

The latest government plans for managing a PF
epidemic can be found at www.dh.gov.uk/en/Public
health/Flu/PandemicFlu/.

Notifiable infections

Most pathologists are unaware that there are many
specific diseases, including infections, that are
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statutorily notifiable by law to the local authority.
The notifier is usually the clinician diagnosing
the disease; but if a pathologist is making the
diagnosis for the first time, it is his or her duty. The
list of such infections is given by the Health
Protection Agency (see Box 7.12 and data source:
www.hpa.org.uk).

Leprosy is notifiable, but directly to the HPA.
Note that HIV infection is not currently a notifiable
Clostridium  difficile-associated
(Cdif) and MRSA bacteraemia or sepsis are also, in
practice, notifiable infections.

Of these listed notifiable infections, it is likely
that only leprosy, malaria, some viral meningo-
encephalitides, Cdif and tuberculosis will be diag-
nosed by an autopsy pathologist, without the
necessary direct diagnostic help of a microbiology
department. Such departments are well used to
reporting these infections to the local authorities,
and will normally report the other cases that pass
through their diagnostic hands. If the pathologist
has to notify a case, the contact is the local CCDC
(consultant in communicable disease control),
whose contact details are available on-line.

While HIV infection is not a notifiable infection,
for historical reasons, it is reported to the HPA for
national statistics, by the diagnosing virology
departments. The current list of notifiable illnesses
is in the process of reformulation as part of second-
ary legislation for the Public Health Act 2008.

disease. colitis

Box 7.12 Diseases notifiable to Local Authority Proper Officers under the Public Health (Infectious Diseases)

Regulations 1988

Acute encephalitis

— Haemophilus influenzae

Scarlet fever

Acute poliomyelitis - viral Smallpox
Anthrax - other specified Tetanus
Cholera - unspecified Tuberculosis
Diphtheria Meningococcal septicaemia Typhoid fever
Dysentery (without meningitis) Typhus fever

Food poisoning
Leptospirosis

Mumps

Malaria Paratyphoid fever
Measles Plague
Meningitis Rabies

- meningococcal Relapsing fever

- pneumococcal Rubella

Ophthalmia neonatorum

Viral haemorrhagic fever
Viral hepatitis

Hepatitis A, Band C
Whooping cough

Yellow fever


www.hpa.org.uk
http://www.rcpath.org/resources/pdf/g020adviceautopsy-influenzaaoct09.pdf
http://www.rcpath.org/resources/pdf/g020adviceautopsy-influenzaaoct09.pdf
http://www.rcpath.org/resources/pdf/g020adviceautopsy-influenzaaoct09.pdf
www.dh.gov.uk/en/Publichealth/Flu/PandemicFlu/
www.dh.gov.uk/en/Publichealth/Flu/PandemicFlu/
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Post-vaccination fatality

Immunisation is undoubtedly a public health suc-
cess story in preventing disease, and - in the case of
smallpox - eradicating a disease with a high fatality
rate. However, it is not 100 per cent safe, and mor-
bidity and some deaths inevitably follow. It is impor-
tant that such deaths be evaluated with the utmost
rigour in order to determine, as far as is possible, the
contribution of the recent vaccination to death. Oth-
erwise, political and public confidence in vaccina-
tion programmes may be lost, and herd immunity
decline such that the disease that is intended to be
reduced in incidence actually increases and causes
many more deaths than the vaccine. Apart from the
UK public loss of confidence in MMR vaccine
through spurious association with autism, there has
been concern over the safety of hexavalent immuni-
sation and a possible association with unexpected
deaths in infancy. Much criticism over the lack of
proper autopsy protocol and investigative rigour has
attended reports of such deaths in Germany
(Schmidt et al., 2006).

For high-risk infections, the infections of concern
are tuberculosis, rabies, yellow fever and smallpox.
BCG vaccine for tuberculosis causes disseminated
infection in immunocompromised subjects; rabies
vaccine has no apparent association with post-
vaccine mortality; yellow fever vaccine (YFV) com-
plications have become more important as more
groups of people outside the standard epidemic
zones are vaccinated (e.g. the military) (www.
vaccinesafety.edu/cc-yellowfever.htm).

Smallpox now exists in only two national refer-
ence laboratories, and, under normal circum-
stances, relevant workers would be
prophylactically vaccinated. However, the threat of

few

bioterrorism and the Gulf Wars have resulted in
many tens of thousands of doses administered,
mainly to young armed services personnel, and a
cadre of HCWs (including small numbers of
pathologists and APTs) with attendant morbidity
and some mortality (Advisory Committee on
Immunization Practices, 2001).

Protocol for performing a
post-vaccination fatality

Aswith any autopsy, a clear appraisal of the question(s)
being asked concerning the death is required. Is the
person seriously considered to have died of a vaccine-
related complication, specifically dissemination of the
infective vaccine? What is the pattern of clinical
pathology produced by that vaccine? I's the time period
since vaccination and reported clinical scenario con-
sistent with a vaccine effect? What co-morbidities
might or does the patient have? What other diseases
are likely to have killed the patient?

A protocol for addressing such deaths depends,
obviously, on the nature of the vaccine and target
organs. The autopsy should be addressed according
to the hazard group of the infective agent. Full organ
sampling is essential, and - critically - retention of
frozen tissue samples and frozen spun autopsy
blood, so that biological investigations can be pur-
sued later if required. Thus for a suspected YFV
fatality, a sample of liver must be retained frozen.

Postscript

Throughout this chapter there has been much reference
to tiers of statute, governance and guidance from
government and non-government agencies with
bewildering acronyms - i.e. the increasingly complex
bureaucracy concerning how mortuaries, pathologists
and APTs deal with HRIs. Asifall this were not enough,
note the requirement in The Control of Substances Haz-
ardous to Health Regulations 2002 (COSSH) to keep a
list of employees exposed to HG3 or HG4 biological
agents for at least 40 years (sic) after the last exposure.
This requirement also extends to employees exposed to
HHYV8 (in HG2). A note in the autopsy register of which
APT assisted in a case suffices. It is likely that the
bureaucracy surrounding how we address such infec-
tions in the dead can only increase in the future.

Keep a clear view of the essentials: What is the
actual risk? Are the protocols proportionate and
effective? And, finally, infections are both important
for public health and interesting pathologically, so
do not be deterred from pursuing them.


www.vaccinesafety.edu/cc-yellowfever.htm
www.vaccinesafety.edu/cc-yellowfever.htm
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Introduction

This chapter is a synopsis of the external examination
with a worked example of a basic examination as could
appear in a report. To present all the changes and find-
ings that could occur at an external examination is
beyond the scope of this book. Specialist texts must be
considered by the reader as highlighted within the
text. In this book, consideration of the external exami-
nation of injuries is found in Chapter 9.

External examination

Prior to undertaking the evisceration and internal
examination, be it a ‘hospital’ (clinical) or a medico-
legal autopsy, it is essential that the pathologist
personally performs a systematic external examina-
tion. The National Confidential Enquiry into Patient
Outcome and Death (2006) severely criticised the
practice of delegating this task to anatomical pathol-
ogy technologists. This may form the extent of the
‘autopsy’ examination procedure in those jurisdic-
tions where so-called ‘view and grant’ and ‘scan,
view and grant’ examinations are permissible. Many
pathologists are unfortunately under the impression
that, in cases other than ‘forensic’ autopsies, the
external examination is of less importance than the
internal examination. This often results in cursory
and poorly documented external examinations
being performed by themselves or, even worse, by
the anatomical pathology technologist (APT, morti-
cian). Such an impression could not be further from
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the truth. Despite the fact that the body may have
been examined by doctors, police or paramedical
staff, these examinations may be undertaken by per-
sons with little if any formal training in this field of
expertise and thus are often poorly documented and
full of mistakes - for example, lacerations described
as incised wounds or natural skin lesions described
as bruises.

The first reason to undertake an external exami-
nation is to satisfy oneself that the person is in fact
dead. Patients in deep coma may appear ‘dead’ and
thus the pathologist must never make the presump-
tion that the person is deceased even if they have
been previously refrigerated within the mortuary.

The external examination not only yields infor-
mation about the natural diseases that the deceased
suffered from in life, but also contributes towards
the identification of the deceased, the time of death,
the place of death, the cause of death and the manner
of death, i.e. the principal questions to be answered
in any autopsy examination. This must start prior to
cleaning the body as critical evidence can be lost at
this point. It is unfortunate that on occasion autop-
sies are started by APTs prior to the arrival of the
pathologist, who then realises once the body has
already been opened and even eviscerated that the
death is suspicious and that a criminal investigation
is required. There is only one chance to get this right,
and retracing one’s steps or interpreting, for exam-
ple, bruising in the previously eviscerated neck
(using a midline larynx-to-pubic incision) is fraught
with difficulty. Thus, pathologists should perform a



full external examination on every single case that
they deal with prior to the cleaning and opening of
the body (Madea, 1999; Royal College of Patholo-
gists, 2002, 2004, 2007; Knight, 2004; Burton, 2007).

It is worth emphasising that the external exami-
nation should include both the front and the back of
the body. Although this may be done while the APT
holds the body on its side, best practice is for this to
be performed by turning the body completely over
so that it is lying prone. The position facilitates
examination of the deep soft tissues of the back and
limbs, removal of the spinal cord, examination of
the rectum and en-bloc dissection of the external
genitalia (if required), as well as examination of the
posterior neck compartment and posterior aspect of
the skull. Fingerprinting of a body is more easily
undertaken in this position.

This must be documented.
Common to both the autopsy examination and
report one should, wherever possible, use lay words
to record descriptions. Many pathologists make the
mistake of using medical terms in autopsy reports.
As most reports are nowadays read by non-medical
personnel, this may lead to the production of a
report that is unintelligible to most of its readers.
Using simple terms — for example, collar bone not
clavicle, breast bone not sternum, and knuckle not
metacarpophalangeal joint — will assist this process.
Ideally this should be done in writing, preferably on
to an autopsy examination pro forma, although one
must take care not to transfer body tissues or fluid to
the recording medium. This is particularly impor-
tant in high-risk cases where the transference of
chemical, biological or radiological material must be
avoided. A scribe can be used to avoid transfer but, if
used, shorthand and abbreviations specific to an
individual or a medical discipline must be avoided.
The scribe can be present in the mortuary itself or in
a remote clean area with the examination being
transferred directly to a word processor by means,
for example, of a secure radio network. When an
individual has external marks these should be drawn
onto the pro forma or onto separate anatomical dia-
gram sheets (Fig. 8.1). With unidentified people or
victims of mass fatalities, the pro forma may take the
form of the Interpol disaster victim identification
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(DVI) forms or an electronic system such as Plass-
Data (PlassData Software, Germany) or the UK
Fimag system (Fig. 8.2) (Interpol, 2002; Rutty et al.,
2009).

The use of an analogue tape recorder to dictate
findings in the mortuary is to be avoided. A tape does
not form a permanent record of the examination (as it
will degrade over time), may fail to record in the first
place, and can be easily erased. In cases of medicolegal
interest a brand-new tape would have to be used each
time. As original autopsy records have to be kept and
disclosed - so that, if requested, they can be examined
by the defence or produced in court - this leads to
problems as to how to store and subsequently produce
the tapes (Crown Prosecution Service:, 2006).

Modern alternative systems for recording the
findings at autopsy include digital recorders, digital
pens, video recorders (head-mounted, ceiling-
mounted, static), and laser keyboards with Bluetooth
laptop or palmtop connections. The findings on the
body can be recorded by digital photography and
surface body scanners. The use of digital technology
must follow local and national protocols for han-
dling of digital media, and may require the saving of
raw data files or image/data CDs at the end of the
examination while still in the mortuary.

Identification

Before starting an autopsy the pathologist must be
satisfied that the body about to be examined is that
of the deceased. This may be a requirement or rec-
ommendation of the legislation or licensing
authority pertinent to the jurisdiction of practice —
for example, in England and Wales, the Human
Tissue Authority (www.hta.gov.uk).

Known individuals

In the majority of cases the identity of the deceased
will be known. The body will have been booked into
the mortuary under this name and often allocated a
unique identifying number, the details of which will
be recorded on at least one identification band usually
secured to the wrist or ankle area. The use of several
bands at multiple sites is encouraged. Wherever pos-


www.hta.gov.uk
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Figure 8.1 General body diagrams.

sible, toe tags should not be used as they may become
detached from the body (with the potential for re-
attachment to the wrong body). Some mortuaries will
write the name and mortuary number on the body,
usually on the leg, either in permanent marker pen or
typist’s correction fluid. The use of implanted elec-
tronic devices such as radio-frequency identification
tags has gained little support in autopsy practice,
although this forms a secure means of body labelling
and global tracking (Meyer et al., 2006; Thevissen et
al.,2006). In some cases an individual - for example, a
nurse, coroner’s officer or police officer — may iden-
tify the body directly to the pathologist.

No matter how the identification of the body is
established, the means, location, time and date of the
identification should be recorded within both the
autopsy notes and report; for example:

Identification

INTERNATIONAL CRIMINAL POLICE ORGANIZATION

INTERPOL

DISASTER VICTIM
IDENTIFICATION

AM - FILE
Family name :
Forename(s) :

No. :

PM - FILE

Figure 8.2 Interpol disaster victim identification (DVI)
form.

Identification — an identification band bearing the name
‘John Smith” and the number 123456AR was present to the
right wrist. A second band bearing the same details was
present to the left ankle.

Identification — the body was identified to me as John Smith
of The Red House, Leicester, by PC 1234 Jones at the
Leicester Royal Infirmary mortuary, at 0900 on 1 July
2009.

The autopsy examination should not proceed until
the body has been identified in this way.

Unknown individuals

The pathologist may be faced with one or more indi-
viduals whose identification at the time of the
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autopsy is unknown. This can be made worse if the
body is disrupted, decomposed, skeletonised or co-
mingled with parts from other bodies. In these
circumstances the pathologist assists in the gather-
ing of information that will be used to identify the
deceased. This may be done in conjunction with
other experts from other fields of medicolegal prac-
tice, including forensic odontologists, and may
employ international assistance and the use of the
Interpol DVI forms.

A variety of means can be used to assist in the
identification of an individual. These are tradition-
ally split into:

o primary - a characteristic considered unique to
the individual that can be used on its own to
identify an individual;

« secondary — a characteristic that is not unique
but can be used in combination with another
secondary or primary characteristic to identify
an individual;

o assistance — a characteristic that is not unique to
an individual but can be used to assist
identification in combination with a primary or
secondary characteristic or only on its own as a
matter of last resort.

A list of these identification characteristics is shown
in Table 8.1. More specialist means can be engaged at
times, including for example podiatry, pollen, anthro-
pology, facial reconstruction and isotopic/elemental
tracing . If these systems are unfamiliar, the patholo-
gist should seek specialist advice or refer to specialist
texts (Thompson and Black, 2006; Rutty, 2009).

Table 8.1 Identification criteria
Primary | Secondary

Fingerprints Jewellery

Clothing

Most bodies will arrive from the hospital ward
naked or in a shroud or hospital gown. This should
be documented. If the body is within a body bag this
should be documented, including the colour of the
bag and whether the bag is sealed. If sealed, the
nature of the seal and any unique identification
number should all be recorded as this may form part
of the continuity process from the scene to the mor-
tuary. In the case of mass fatalities, a unique number
and scene book should have been attached to the
outside of the bag and should be removed and
checked prior to the opening of the bag.

Dressed bodies

If the body arrives dressed in the deceased’s own
clothing, each article of clothing should be exam-
ined before and after its removal from the body. The
type, make and size of a piece of clothing should be
recorded, as should any abnormality (e.g. if the shirt
has been cut open during resuscitation attempts).
Pockets should be examined and any personal
effects documented. The possibility that pockets
may contain needles and other sharps must be
remembered: they should never be examined with
fingers until they have been examined with forceps
if a sharps injury is to be avoided (Fig. 8.3). Cutting
of pockets is permitted provided a record is kept that
this has been done.

In police cases, clothing should be photographed
and handed to an exhibits officer who will attribute

| Assistance

Photographs

Odontology Personal effects

Body location

DNA Distinctive marks

Clothing

Unique characteristic (e.g. prosthesis) Distinctive scars

Descriptions

X-rays

Physical disease

Blood grouping

Tissue identification




Figure 8.3 Examination of pockets with forceps.

an exhibits number to each item and place them into
an appropriate exhibits bag. Blood-stained clothing
may require packaging in brown paper to avoid
movement of blood from one part of the article to
another following removal from the body. In fire
and explosive deaths, nylon bags should be used.
With unidentified bodies, the temptation to exam-
ine and remove items from wallets must be avoided
so as not to lose or contaminate potential evidence
such as DNA or fingerprints which may be present
on, for example, plastic credit cards.

Undressed bodies

If the body was undressed prior to the pathologist’s
arrival, consideration should always be given to
obtaining the clothing and examining it. If the
clothing is in a bag in the mortuary, and is not to be
examined, then the fact of its presence and what is
contained within should be recorded in the autopsy
notes and report. This is of particular importance in
cases of sudden infant death, as children are often
redressed prior to going to the mortuary and the
clothing they are presented in may not be the cloth-
ing they died in. Subtle marks left on baby-grows
may be missed if not actively sought, and thus an
unnatural death might be missed. Soiled nappies
should not be discarded. Most infants pass urine
prior to or at the time of death, so it may not be pos-
sible to collect a urine sample for metabolic screening
from the bladder. The nappy, however, may be satu-
rated with urine and can be submitted for laboratory
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analysis - be it toxicological or metabolic screening
(Edwards et al., 1997).

Jewellery

The presence or absence (e.g. a mark in an area of
sun-tan), site and type of all jewellery should be
carefully documented. This is particularly impor-
tant if only to prove that it has not been removed by a
member of staff for any purpose other than the
autopsy examination. Simple descriptions should be
used. Metal should be described by its colour rather
than attempting to determine its composition (e.g. ‘a
yellow metal ring was present to the ring finger of
the left hand’). In police cases, jewellery should be
handed to the exhibits officer and processed as for
clothing.

General examination

Once the deceased is naked the examination
progresses with the documentation of a number of
general observations. These will form the introduc-
tion to the external examination in one’s report.

Cleanliness

This will start with the general state of cleanliness of
the body - for example, whether it is unwashed,
whether there has been faecal or urinary inconti-
nence, or the presence of head lice. This is of
particular importance when considering a case of
neglect. The absence of scars or decubitus ulcers
should equally be noted to illustrate good care in
those presented as a case of possible maltreatment or
neglect. A clean, well-nourished child without nappy
rash is important if a question of abuse or neglect has
been raised.

Fluids, blood and exogenous material

The distribution, colour and constituency of any
fluid, such as gastric contents or pulmonary oedema
(froth), should be recorded. The presence of blood
should be recorded and in police cases should be
sampled in consideration as to whether it is the vic-
tim’s or the offender’s blood. Other exogenous
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material, such as oil from motor vehicles or ink on
the hands or limbs of psychiatric patients, should be
noted and, if required, sampled as this may be rele-
vant to the cause of death or the mental state of the
decedent at the time of death. Other biological and
non-biological evidential material — gunshot resi-
due, paint, fibres, glass, semen, saliva (both human
and animal) or third-party DNA - may be present to
the external surface of the body.

Gender, age and race

The first major observations to be recorded are the
race and gender of the individual. For race, the pre-
ferred terms are ‘white’ rather than Caucasian,
‘Afro-Caribbean’ rather than black, ‘Indo-Pakistani’
and ‘Oriental’. The term ‘Asian’ should be avoided as
in some parts of the world it refers to Indo-Pakistani
individuals and in others to Oriental individuals.
The colour of the skin may also offer clues to poten-
tial natural or unnatural diseases; for example the
yellow discoloration of liver disease (jaundice), the
cherry-pink change of carbon monoxide poisoning,
the brick-red discoloration of cyanide poisoning,
and the depigmentation of vitiligo. If the deceased
has a sun-tan, its distribution should be recorded.

The gender of an individual may be obvious, but
it should be remembered that a body that is pheno-
typically female could be genetically male and vice
versa (Fig. 8.4). A careful examination of the exter-
nal genitalia and anus should be performed. In
males, the presence or absence of the foreskin is
recorded, as is any change to the anus which may
suggest regular anal penetration (‘funnel’ anus). It
must be remembered, however, that so-called
‘funnel’ anus can be present as a normal anatomical
variant and is not pathognomonic of repeated anal
penetration. Similarly, the presence of shiny skin
around the anus can be attributed to regular anal
penetration but is also seen in patients suffering
from pruritus ani of any cause. Both males and
females may be the recipients of regular anal pene-
trative intercourse. Perianal tears, bruising and
haemorrhoids should also be noted. Female circum-
cision is a rare finding but should be looked for.
Sexual maturity should be noted using the Tanner
stages (Marshall and Tanner, 1969, 1970).

Figure 8.4 Transsexual genitalia.

It is difficult to estimate the age of an individual
by external examination alone. However, a phrase
such as ‘in keeping with the stated age of 36 years’ or
‘appeared older than the stated age of 36 years’ can
be used. Individuals can be described in broad terms
as fetuses, neonates, infants, children, young adults,
middle-aged adults and elderly adults. Specialist
examinations including radiology for dental erup-
tion and epiphyseal fusion, as well as an
anthropological examination of bones such as the
ribs and pelvis, can assist in more precise ageing
estimates, particularly in the young.

Congenital and dysmorphic features

Although more relevant to the paediatric autopsy,
the presence of congenital or dysmorphic features is



not confined to children and should be recorded.
These could include anything from an extra digit
and accessory nipples to spina bifida or syndromic
facies.

Hair, eyes, teeth and ears

Common to each of these four parameters is an
assessment of (a) whether they are present and (b)
whether they are the body’s own. The distribution of
hair (male and female patterns) to the entire body
should be noted. Hair may be lost from the body by
natural disease or by shaving, for example from the
legs, pubic area, armpits or chest. This may be done
by the individual in preparation for their death. The
presence or absence of head hair (male balding pat-
tern), its colour (natural or dyed), length (measured)
and style should be recorded. Natural hair can also
be used for race determination, toxicology (for drug
and poison analysis) and DNA testing (Miecz-
kowski, 1996). The presence and make of a wig
should be noted. Injuries to natural or false hair
should be recorded (Fig. 8.5).

The presence or absence of real or false eyes is
sought. The colour of the irises and state and sym-
metry of the pupils should be noted, as should any
natural or unnatural diseases such as cataracts,
arcus senilis, Kayser—Fleischer rings, tache noir and
petechial haemorrhages. Coloured dyes can be
injected into the conjunctivae to produce tattoos.
The diameter of the pupil may change after death as
a result of rigor mortis affecting the iris. It should be
remembered that the colour of the eyes is a less reli-
able identifying feature than the presence of eyes.
The pathologist will look foolish if stating that both
eyes were natural when in fact one was artificial! In
individuals with blue, green or grey eyes the iris
colour not uncommonly changes to brown in the
post-mortem period, for reasons that are unex-
plained. This is the most common cause of complaint
about autopsies to coroners and the pathologist
should be prepared to explain any discrepancy in
court. The individual may have worn contact lenses
or glasses. If these have been removed prior to the
autopsy the latter often leave indentations to the
bridge of the nose or behind the ears.
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Figure 8.5 Injury to a hairpiece (a) external view,
(b) underside of wig

Teeth can be present, absent, real, false or modi-
fied. The state of the dentition, lips, gums and oral
cavity should be recorded within the limits of com-
petence of the pathologist. A detailed dental
examination is not within the remit or expertise of
most autopsying pathologists and if required should
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be undertaken by a forensic odontologist. The pres-
ence or absence of dental restoration may be of
importance in the identification of an individual.
The absence of teeth or dentures at the time of the
autopsy does not preclude a dental identification
(Jacob and Shalla, 1987). If charting of the teeth is
required, the assistance of a dental practitioner or
forensic odontologist is advisable. As with the exam-
ination of clothing or any body orifice, the
pathologist should not put fingers into the mouth
except under direct vision as this is a sure way to
receive a glove puncture injury from broken teeth,
projecting bone or foreign objects which can be
placed maliciously into the mouth.

The presence or absence, placement, shape and
size of the ears can be recorded. They should be
examined for local disease, such as blood within the
external auditory process (which may indicate a
basal skull fracture) and petechial haemorrhages
behind the pinna, as well as systemic disease such as
gouty tophi or lobar creases which are associated
with cardiac disease. Ear morphology may be unique
to individuals and can be used for identification
purposes (Meijerman, 2006).

Hands and feet

The dorsal and volar surfaces of the hands, feet and,
particularly, the digits should be examined for evi-
dence of natural or unnatural disease. The presence
or absence of normal creases is noted particularly in
children. The state, length and colour of the nails
(including the presence or absence of nail polish,
decorations and extensions) are recorded as well as
the presence of injuries. Nails may give clues as to
the presence of natural disease - for example, club-
bing, leuconychia, koilonychia, yellow nails, pitting
or splinter haemorrhages. Digits can be used for
identification purposes by their prints, and the nails
can be used for toxicology, DNA, and geometric fin-
gerprinting techniques. The assistance of a forensic
podiatrist may be considered in mass fatality inves-
tigations (Vernon, 2006). In police cases, a careful
inspection for the presence of trace evidence (e.g.
fibres or hairs) must be undertaken. Any evidence
should be photographed prior to lifting with adhe-
sive tape. The interdigital webspaces may contain

needle puncture marks in individuals dying from
drug overdoses.

Height and weight

All bodies should have their naked length and
weight recorded. Length (height) should be meas-
ured from the heel to the vertex of the skull, not from
the toe (coffin size). This should be recorded and
reported in both imperial and SI (Systeme Interna-
tionale) units. It is unfortunate that many mortuaries
do not have body-weighing facilities. A weight is
important for the estimation of the time since death
using temperature-based algorithms, the interpreta-
tion of toxicological results and the interpretation of
apparently enlarged organs. If available, the weight
should be recorded in kilograms, or the last known
body weight recorded in life obtained from the hos-
pital notes and reported again in both imperial and
SI units. Finally, if both parameters are known, the
body mass index (BMI) can be calculated using the
formula

by mass ndex k)= JEEN S

and expressed within the report. This is of particular
importance if the deceased appears to be malnour-
ished or obese. It is the practice of one of the editors
(JLB) to consider that death may have been in part
due to morbid obesity only if the body mass index
exceeds 40kg/m?.

Detailed examination

Once the general examination has been undertaken,
the body is examined in detail for the presence of
signs of natural disease, modifications, medical
intervention, drug misuse and injuries (both fresh
and historical). Evidence of medical/surgical inter-
vention is discussed in Chapter 18.

Natural disease

Attempting to list all the natural diseases that can be
identified on the external surface of a body may at
times prove an overwhelming task. Needless to say,



when evidence of natural disease is present (e.g.
prominent naevi, port wine stains, or rashes) this
should be recorded, stating the type of disease present
and the area of the body affected. The presence or
absence of oedema or swelling (e.g. unilateral swelling
of a lower limb due to a deep venous thrombosis)
should be recorded. The degree of calf swelling should
be measured using a standardised point measured
from above the ankle or below the knee (e.g. 100mm
below the lower border of the patella). Cardiac, hepatic
or renal failure may cause peripheral oedema affect-
ing the lower limbs, scrotum and presacral areas.
Where a rash or area of infection (e.g. a pressure sore
or decubitus ulcer) is present, skin can be sampled for
histology and swabs for bacteriological and viral cul-
ture should be collected. In the case of pressure sores
these should be recorded using a standardised clinical
scale such as the Waterlow system.

Body modifications

A wide range of permanent and non-permanent
modifications can be made to the body. They can be
used for identification purposes or can on occasion
result in disease and death due to the complications
of the procedures (Swift, 2004).

Tattoos can be found anywhere on the skin and
occasionally on the internal aspects of the body.
They can be unintentional, related to the occupation
of the individual - examples are coal miner’s tattoos,
amalgam tattoos related to dental restoration and
ballistic tattooing from gunshot residue. Intentional
tattoos can be split into artistic and therapeutic; the
latter, for example, related to beam areas used in
radiotherapy. Artistic ones may be expensive, com-
plex, colourful, professional tattoos, or simple,
monochrome, home-made or prison tattoos. Occa-
sionally one will encounter tattoos made with inks
that fluoresce under ultraviolet light but which are
difficult to see under natural light.

Non-permanent henna tattoos are prevalent
within some cultural groups. Non-permanent tat-
toos produced with black ink are not uncommonly
associated with surrounding skin irritation. Their
nature, size and site on the body should be recorded.
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Figure 8.6 Tattoos may be present within the mouth.

Tattoos may be found inside the mouth (particularly
the mucosa of the lips; Fig. 8.6). Tattoos may be
altered or even removed; this can result in one or
more tattoos at one site or a tattoo scar.

Piercings are not confined to the ear and may be
seen at a multitude of sites on the body. The site and
nature of the jewellery should be noted (Fig. 8.7).
Specific names are associated with piercings at spe-
cific sites (Burton, 2007).

Brandings and scarification are encountered
from time to time, although these tend to occur in
specific countries - for example, in the college age
group of the USA. They are, as yet, uncommon in
the UK.

Modifications are split into non-surgical and sur-
gical. Examples of the former include the use of
cosmetics, hair treatments, nail extensions and
dermabrasion. Surgical modifications include dental
treatment and filing (to produce animal-like teeth),
surgical implants, prostheses and gender reassign-
ment (see below). Some individuals shave some or all
of their body hair (particularly around the genitals)
and this should be recorded. Apotemnophilia
(amputation of healthy body parts) and trephination
(non-surgical) are extreme forms of paraphilia that
may be occasionally encountered either to the
deceased or as the cause of death. Some individuals
modify their body by having their tongue divided
into two or their penis split (meatotomy). In some
cultures, such as Aboriginal Australians, meatot-
omy is a cultural practice.
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(b)

Figure 8.7 Examples of body piercings. (a) The ear.
Common sites of piercings to the pinna. (b) The genitals,
male. (c) The genitals, female. (Redrawn from Swift, 2004;
with permission.)

* This refers to the style not the location with a complete
loop, half of which sits posterior to the lobe, connected by
two piercing holes

Medical intervention

Acts of medical intervention may have been per-
formed on the deceased prior to death even if they
have not died in hospital, for example by bystanders
or a paramedic ambulance crew. The presence and
location of all tubes, catheters and operation sites



should be documented. Single or multi-tailed can-
nulae may be present. The phrase ‘antecubital fossa’,
although anatomically correct, should be avoided
and ‘in front of the elbow’, ‘the bend of the arm’ or
‘bend of the elbow” are preferred terms. Craniotomy
scars or intracranial pressure monitor sites may be
present and may be sutured or stapled, closed with
Steri-Strips or covered by dressings. Nasogastric and
endotracheal tubes may be present. ECG monitor
pads may be present, as may automated defibrillator
pads, external pacing wires, tracheostomies, gas-
trostomies, colostomies or urinary catheters. The
site and correct placement of automated defibrilla-
tion pads should be checked and noted. These may
be associated with shaving of chest hair to ensure
close contact of the pads with the skin.

All forms of medical intervention should have been
left in situ, and not removed prior to the body arriving
at the mortuary. This is essential if the pathologist is to
check that each tube has been correctly inserted.
When the body arrives in the mortuary accompanied
by airways that have been removed this should be
recorded. The evisceration and dissection should
always be undertaken in a way that allows the internal
siting to be confirmed. This may require an in-situ
neck dissection to confirm the siting of endotracheal
tubes and central venous catheters. Tubes and cannu-
lae may be required also for histological examination
or microbiological culture. If facial viewing is to be
done prior to the autopsy, it is permissible for the exter-
nal part of an endotracheal tube to be cut away leaving
the internal portion in place.

Drug misuse

The observation of findings that could relate to
misuse of drugs should alert the pathologist to the
possibility of a toxicological death, so that additional
precautions should be taken during the autopsy pro-
cedures. Needle marks, both fresh and old, of
differing sizes depending on the calibre of needle
used may be seen not only on the external surface of
the body (e.g. arms, groins and lower leg areas) but
also inside the mouth, under the tongue, between
the fingers and toes, and on the genitalia. A thor-
ough, detailed examination of the body is always

Decomposition

required. Knowledge of any medical intervention is
essential for the interpretation of needle marks to
the neck, bend of the arm, wrist and groin areas.

Consideration should be given to sampling of the
needle site for histological or toxicological examina-
tion. If necessary, the puncture mark can be excised
and submitted for toxicology - a higher concentra-
tion of an illicit drug than is present in venous blood
would indicate that the site was used to inject illicit
drugs.

Whether or not needle marks are associated with
dressings should be noted. For example, an individ-
ual dying following an accidental heroin overdose
may have needle marks due to the self-injection of
heroin and needle marks as a result of medical resus-
citation attempts.

The use of a ligature may leave a mark at a level
above the needle mark. However, if hands have been
used then the marks may be in the form of a grip mark
and this should raise concerns regarding the possible
involvement of a second party in the death. Such cases
are best dealt with by a forensic pathologist.

Other signs of drug misuse may include a perfo-
rated nasal septum and sinuses in the groins. These
latter changes may be associated with infection,
lymphoedema or deep vein thrombosis. Tablet dye
residue can sometimes be found on the palm of the
hand in those that have taken a ‘handful’ of tablets.
Small round scars are seen in ‘skin-popping’. Scars
resulting from self-inflicted injuries can be found in
those who misuse drugs. A careful search of the
mouth, foreskin, vagina and anus should be under-
taken for concealed drugs (Fineron, 2001).

Decomposition

During the post-mortem period the body will
undergo putrefaction. This results in external
changes that include the onset of rigor mortis and
hypostasis. The timing and sequence by which
decomposition occurs is influenced by the environ-
ment, so an interpretation as to how long a body may
have been dead based purely on its appearance
remains no more than a generalised estimation. A
detailed consideration of decompositional changes
is presented in Chapter 20.
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Box 8.1 Example of a concise report

The identification

The body was identified to me as that of Joan Jones of 1 The
Street, Anytown, by the duty mortician at 0900 on the 1 July
2009 at the public mortuary, Anytown. This was in
accordance with identification bands bearing the name and
mortuary identification number 12345 which were present to
the right and left wrist and right ankle areas.

The external examination
The body was that of a white adult female with an appearance
in keeping with the stated age of 40 years. The hair was a
natural brown in colour and straight, measuring on average
10cm in length at randomly measured sites. The eyes were
natural, with blue irises. The pupils were midpoint and equal.
There was no evidence of petechial haemorrhages to the skin
or mucosal surfaces of the face. Facial congestion or cyanosis
was absent. The sclera were normal. There were no glasses
or contact lenses present. Both ear lobes were free with single
piercings to each lobe. The teeth were natural and showed
dental restoration. There were no injuries or natural disease to
the mouth. Both breasts were normal. The nipples were
brown. The armpits and legs were shaved. Pubic hair was
present in a ‘Brazilian’ distribution. The external genitalia and
anus showed no evidence of injury. The fingernails where cut
and extended 3 mm beyond the fingertips. Pink purlescent nail
varnish was present to all fingernails. The index and middle
fingers of the right hand showed cigarette tar staining. The toe
nails were neatly cut and showed chipped red nail varnish.
The body was presented in a white body bag. The zip was
sealed with a cable tie bearing the number 12345. The
following article of clothing was present with the body:
o Nightdress, size 12, make unknown. Inspection showed no
abnormality.

Depending on the location of the body, it will
then undergo skeletalisation, mummification or the
formation of adipocere, either on their own or in
combination. The mechanisms of these changes are
beyond the scope of this chapter. Many changes that
occur in the post-mortem period may also mimic
ante-mortem disease or violence. These changes
should be documented but interpreted with caution
(Rutty, 2001). The body can also be altered by the

The following jewellery was present on the body:

o White metal band ring on the right index finger.

o Yellow metal band ring with a blue stone on the left ring
finger.

The following tattoo was present on the body:

o A professional-looking multi-chromic pictorial tattoo to the
right buttock, measuring 3cm by 2 cm in maximum
dimensions.

The following marks of medical intervention were present:

e Acannula secured with a transparent dressing to the
anterior aspect of the bend of the right arm.

e Automated defibrillation pads to the right upper and left
lateral chest areas. They were correctly sited and
orientated.

The following old injuries were present:

e A3cm long, horizontally orientated well-healed scar to the
anterior aspect of the right knee.

e A9cm long appendicectomy scar to the right lower
quadrant of the abdomen.

The following fresh injury was present:

e A2cm diameter discoid blue bruise to the lateral aspect of
the left upper arm, 12 cm above the crease in the bend of
the arm.

Rigor was established throughout to both small and large
muscle groups. Non-blanching post-mortem hypostasis was
established in a posterior distribution.

Body weight was 52 kg (8st 3Ib) and height 162 cm (5ft
4in). Using these measurements, the body mass index is
calculated as 19.8 (WHO normal range: 18.5—25Kkg/m?).

action of predators, which may be mammals, birds,
insects or aquatic life depending on the location of
the body. Sampling of insects and arthropods can be
used for estimating a time since death, and the
former for DNA identification and toxicological
investigations.

In all cases the presence or absence of rigor
should be recorded. This can be assessed simply by
opening and closing the jaw or flexing the limbs.



Hypostasis will, in general, be seen in the depend-
ent areas of the body where blood within the skin
has redistributed under the action of gravity. A
more comprehensive review of the onset, distribu-
tion and duration of rigor mortis and hypostasis, as
well as other post-mortem changes to the body and
their use in the estimation of the time since death,
should be sought from a specialist text (e.g.
Henssge et al., 2002).

Example of a basic external
examination

Using the methodical approach to external exami-
nation outlined above and in Chapter 18, a clear and
concise report can be constructed. An example is
shown on page 102.
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THE PATHOLOGY OF WOUNDS AND
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Introduction

Often, by far the longest part of the external exami-
nation is the recording of the presence of injuries. It
would be most unusual for an individual not to have
suffered some form of injury during life which,
depending on the nature of the injury, may have left
a scar or deformity. In addition, many individuals
will suffer an injury during their terminal collapse,
especially to the scalp or face.

Although meticulous documentation of injuries is
usually associated with the work of the forensic
pathologist, the pathologist should undertake a care-
ful external examination of the front and back of the
body and document the presence of any fresh or old
marks of injury even in those dying suddenly and
unexpectedly at home, for example from a ruptured
abdominal aneurysm. The absence of any comment
within the external examination part of the report of
the presence of injuries where old or fresh marks
clearly existed may, if the findings of the examination
are brought into question, be considered as an indica-
tion of the quality of the examination that was
undertaken by the pathologist.

Legal definition

When one describes injuries — within the report/
statement or in verbal evidence - one must be cer-
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tain of the correct use of terminology. Milroy
provides us with a concise summary of the case law
and definitions within this area, which can be fur-
ther summarised as follows: bodily injury is simply
defined as physical injury to the body whereas the
use of the term ‘wound’, in English law, should be
reserved for those injuries where the full thickness
of the skin (i.e. the epidermis and dermis) is breached
(Milroy, 2005). This legal definition thus excludes
abrasions, bruises, penetrating injuries of the eye,
and closed internal injuries and fractures.

General comments

Injuries are traditionally divided into five groups:
the bruise; the abrasion; the laceration; the incised
wound; and the burn (Knight, 2004). Gunshot
wounds can be considered as a specific form of lac-
eration. The use of the correct terminology is
essential as this will assist in the identification of the
mechanism of causation. For example, abrasions,
bruises and lacerations are caused by blunt trauma
whereas incised wounds are caused by sharp-edge
trauma. The use of phrases such as ‘an incised lacer-
ation’ is incorrect and meaningless (Milroy and
Rutty, 1997).

The groups can then be subjectively subdivided
into ‘fresh’ injuries (< 48 hours) and ‘old” injuries
(> 48 hours). The state of healing should be docu-



mented as this may become important in the timing
of an injury in relation to its causation. Histological
examination and the use of histochemical/immuno-
histochemical stains can be considered for the
dating of injuries (Van de Goot, 2008).

Injuries can occur anywhere on the body, in any
age group, and each has a different mechanism of
causation. When one considers causation one must
remember that an injury can be ante-, peri- or post-
mortem and arise due to medical intervention,
resuscitation, violence, handling of the body, and
embalming. An injury can alter after death owing to
post-mortem decomposition or, for example, animal
or insect predation. The position on the body can
assist in determining whether the injury was acci-
dental, self-inflicted or inflicted by a second party,
which will have significant implications if an assault
is alleged.

When one comes across an injury it should be
recorded both in writing and in pictorial form. Inju-
ries should be photographed, at right angles to the
injury with a suitable scale, if a second party is
involved (Fig. 9.1). It is important to be able to recog-
nise the colour yellow — which can be produced in
any paint processing program with the colours red
(240), green (240) and blue (000). As there is wide
variation in the general population’s ability to per-
ceive yellow, a standardised colour chart should be
included when photographing bruises to ensure
consistency in colour interpretation (Langlois,
2007). The use of alternative light sources for intra-
dermal injuries should be considered.

The description of an injury should define the

Figure 9.1 Suitable scale for photographing injuries.
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type using one of the foregoing five groups (singu-
larly or in combination) and then describe its shape,
colour, age (old or fresh), dimension and position on
the body related to an anatomical site, which should
be recorded in lay terms. All of this should be
recorded in the autopsy contemporaneous notes, in
writing, diagrams and - where appropriate — pho-
tography. In some institutions, surface injuries can
be captured using surface laser scanners or modern
radiological imaging for subsequent computer
image production and injury causation reconstruc-
tion (Thali et al. 2003) - although the author’s
experience of such technology is that the injury can
be both visualised and described in far greater detail
using naked eye examination and digital photo-
graphy than by the use of this technology.

Blunt trauma injury
Abrasions

An abrasion, which can be referred to in lay terms as
a graze or a scratch, is the most superficial of the
blunt trauma injuries. Strictly speaking it is an
injury that is confined to the epidermis; although,
owing to the anatomy of the skin, abrasions may
extend to involve the papillary dermis. As this latter
site is where small blood vessels are found, abrasions
may bleed. Unlike bruises, abrasions can occur both
before or after death. Distinguishing between the
two is important in cases, for example, where a body
has been moved after death in an attempt to conceal
it or simply remove it from the place of death. Abra-
sions also change character in the post-mortem
period, becoming brown and leathery (parch-
mented) in appearance. Abrasions often ooze
plasma, and may be coated with a ‘scab’.

Abrasions can be formed by the application of a
force in either a tangential direction (a ‘brush’ abra-
sion) or a vertical direction (a ‘crush’ abrasion). The
force can be generated either by the body itself
moving across or onto a static surface (e.g. a fall
against a wall) or by the surface of an object moving
across the static or moving body (e.g. being struck by
a piece of wood).

Brush abrasions may be seen, for example, when a
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Figure 9.2 Brush abrasion with skin tags.

person has been dragged along the ground by a vehi-
cle or if the subject was struck by a rough surface
such as a glancing kick by a shod foot. The direction
of the applied force may be determined by the pres-
ence of a terminal tag of skin at the point distal to the
first point of impact (Fig. 9.2). A crush abrasion will
have no such tag, as the vertically applied force will
leave an impact impression (Fig 9.3). This can again
be used to determine the causation of the wound, for
example a stamping injury from a shod foot. Such
marks may have patterns within them derived from
the object. An example of this is a ligature mark.

Abrasions may be found in combination with
other blunt trauma injuries such as lacerations or
bruises. An example of this is the mark that may be
generated when a person falls backwards onto a tar-
macked road.

Abrasions may show characteristic shapes and
patterns to assist with consideration of the mecha-
nism of causation (Fig. 9.4). Two good examples of
this are fingernail and bite marks. Fingernail marks
can be seen, for example, in cases of strangulation
where the victim has caused the marks to the neck
while trying to remove a ligature or assailant’s hand.

Figure 9.3 Crush abrasion.

Figure 9.4 Abrasions arising from a vehicle tyre.

They may be approximately 5mm in length and
straight or curved. Caution must be expressed not to
over-interpret the curve in relation to how the nail
was applied to the skin, as the curve may be opposite
to that of the applied nail. The most superficial form
of a bite mark may be a semicircular collection of
abraded skin marks. In both types of injury, consid-
eration should be given to swabbing the injury in an
attempt to retrieve the assailant’s DNA, which may
be present at the site by the process of secondary
transfer (Rutty, 2002; Graham and Rutty, 2008).
Thus, in relation to the external examination, the
abrasion should be described within the fresh or old



injuries section of the report/statement, depending
on its apparent subjective age. There should be a
description of its appearance, size and anatomical
location. An example is presented below:

The following fresh injury was present: a brush
abrasion, 4.5 cm X 2.6 cm to the posterior aspect of
the left lower arm (forearm), 7 cm above the wrist.
Skin tags were present to the lower-most aspect
(edge nearest the wrist).

Bruises

Bruises may also be known as contusions, although
the former implies an injury that can be seen
through the skin and the latter an injury to the
deeper tissue or an internal organ. A bruise is a blunt
trauma injury, which may occur on its own where
the skin remains intact or in combination with other
types of injury. Bruises are an extravascular collec-
tion of blood where blood has leaked from damaged
arterioles, venules or veins but not capillaries. Bleed-
ing from capillaries is not visible to the naked eye.
Bruises can vary in size, which can be further used
to aid their description.

When describing a bruise the pathologist usually
refers to an injury that is present within the subcuta-
neous tissues. However,
bruises may occur where the blood accumulates in
the sub-epidermal area. Such bruises occur when
the skin is distorted by being forced between ridges
or grooves of an object. Bruises related to tyre marks
or shoe tread marks are examples of such bruises
(Fig. 9.5).

The smallest form of a bruise is the petechial
haemorrhage. The presence or absence of petechial
haemorrhages should be sought at every autopsy.
Although they can occur on any aspect of the exter-
nal surface of the body, they are often found, case
dependent, in the skin of the face, particularly
around the eyes or behind the ears as well as to the
mucosal surfaces of the eyelids and mouth. They can
also be seen to the deeper tissues — for example the
deep aspect of the scalp or to internal organs. Those
to the scalp may be a pure post-mortem artefact, so
caution must be expressed in their interpretation, if
present. They can occur in approximately 20 per

so-called intra-dermal
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Figure 9.5 Bruise caused by the tread of the sole of a
shoe.

cent of natural deaths such as heart attacks as well as
in those dying of the various forms of asphyxia. The
presence of petechial haemorrhages on the head and
neck should be regarded as an indication to perform
a layered anterior and posterior neck dissection in a
bloodless field, to exclude unnatural causes of death.
Petechial and larger, punctuate, haemorrhages may
also be seen in the post-mortem period as part of the
process of hypostasis.

As with other forms of injury, there are several
factors that will affect the appearance of the bruise.
The position of the bruise on the body itself will
influence the appearance. Bruising occurs more
easily to areas where the skin is lax (e.g. around the
eye) as opposed to the palms where the skin is
fibrous. Obese individuals bruise more readily than
those with a normal or low body mass index. The
laxity of the skin will also allow for blood to move
from the site of injury to another site. An example of
this is the black eye, which can arise by movement of
blood from an injury to the forehead, nose or orbital
parts of the frontal bone. If the skin is thin over a
bone or bony prominence, then damage can be done
more easily to the blood vessels than in fatty areas.
The age of the patient, the fragility of the blood ves-
sels, and the presence of any natural disease or drug
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Figure 9.6 So-called ‘tram track’ bruise.

therapy that alters the coagulability of the blood are
all factors that affect the appearance of a bruise
(Vanezis, 2001).

Bruises may take hours to days to form and
appear in the skin, although a deep bruise may never
be seen on the external surface of the body. These
larger collections of blood under the skin are known
as haematomas. To find such injuries a more exten-
sive dissection of the soft tissues of the body is
required. Bruises change colour with time, the tradi-
tional sequence being red, blue, green, yellow and
brown. Two bruises inflicted at the same point on
the body at the same time may appear different in
colour. A bruise in the elderly may retain one colour
considerably longer than that of a child, or a bruise
may miss out some steps of the sequence. The most
important colour for ageing a bruise, as discussed
above, is yellow - although the identification of
yellow within a bruise is often not as easy as it may
seem (Langlois, 2007).

The site of a bruise and its appearance, if correctly
documented, may assist in identification of the cause

Figure 9.7 Fingertip bruises.

of the injury. Examples are ‘tram track’ bruising
(parallel linear bruises with a space between - Fig.
9.6) caused by a cylindrical or rectangular object;
patterned bruises from the sole of a shoe, and dis-
coid-shaped bruises of approximately 1 cm diameter
suggestive of ‘fingertip’ bruises left by gripping or, if
in pairs, pinching (Fig. 9.7).

As with abrasions, bite marks may cause pure
bruises. Assistance should be sought from a forensic
odontologist to consider whether the mark is caused
by an animal or a human, be it a child or an adult
(Fig. 9.8). Such bruises may be caused by the teeth or
by the action of suction (the so-called ‘love-bite’).

Not all pink areas are bruises. The classic mistake
is to see pink areas over the elbows, hip and knee
regions which may in fact not be bruises but rather
reflect the changes of hypothermia. Such changes
are also seen in bodies that have been refrigerated for
some time, perhaps over a weekend. If necessary, the
lesion can be incised and sampled for histological
examination.

Although bruises are traditionally considered to
be an ante- or peri-mortem injury owing to the
requirement for sufficient pressure to be present to
force the blood out of the vessels into the surround-



Figure 9.8 Bruising caused by a child biting a child.

ing tissue, a few publications do suggest that bruising
to a body may occur after death. However, it is gen-
erally accepted that for this to occur the force
required is great. Polson et al. (1985) was able to pro-
duce bruises in the post-mortem period by striking
the occiput with a mallet. It has also been reported
that a body, devoid of bruises prior to burial, when
exhumed showed a number of bruises that the
author attributed to having occurred in the post-
mortem period (Burke et al., 1998). In addition to
this it should be rememebered that deep contusions
may take some time to become apparent as dermal
bruises. Injuries that are not apparent at the time of
the autopsy may be visible if the body is re-examined
24-48 hours later.

Lacerations

A laceration is a blunt trauma injury with a resulting
tear to the involved tissue. As it is a tearing injury the
wound has irregular margins, bruising and crushing
to the edges, and may have persistent strands of
tissue or hair across the wound. All these features
can be used to distinguish a laceration from an
incised wound (Fig. 9.9).

The causative force of the laceration may be verti-
cal or tangential to the body, and this will affect the
appearance of the wound. If a weapon is involved
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Figure 9.9 Laceration.

then this may cause a shape to the laceration that can
assist in the subsequent identification of the injury’s
causation - for example the curved laceration asso-
ciated with a blow from a hammer. Lacerations tend
to occur on the body where the skin is supported by
arigid underlying structure (the body’s skeleton). As
a result, they are caused easily to the scalp, face,
mouth and shin areas but are rarely seen on the
abdomen. They can occur to the chest or abdomen
but more force is required to cause an injury to this
site.

A blow from a weapon may cause a laceration that
has an appearance similar to that of an incised
wound. A commonly quoted example of this is a
blow from an axe where an examination of the
underlying bone can assist in identifying a possible
causation (Knight, 2004). Lacerations may also
occur when broken bones protrude through the skin
- for example broken nasal bones.

Extreme forms of lacerations are those associated
with blunt penetrating injuries as can occur when a
body is impaled on an object such as a railing. Flay-
ing and degloving injuries where large areas of both
the skin and subcutaneous tissues are torn from the
body may be associated with injuries resulting from
the rotating wheel of a vehicle. Degloving injuries
may be open or closed. The open degloving injuries
can be truly considered to be lacerations as there is a
full-thickness split in the skin caused by blunt force
trauma. Closed degloving injuries are more difficult
to characterise. They are not uncommonly discov-
ered in the victims of road traffic collisions,
particularly pedestrians. In a closed degloving
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injury there is no tear in the skin, but evisceration
reveals that the skin and superficial soft tissues have
been sheared from the underlying structures.

Firearm injuries

Firearm injuries are a form of laceration. A detailed
consideration of the pathology of firearm injuries is
beyond the scope of this book, so the reader should
refer to more specialised texts (DiMaio, 1999). How-
ever, all pathologists performing an autopsy must be
able to recognise firearm injuries in order to know
when to stop and refer deaths to a pathologist with
forensic training. This section will thus be confined
to a brief synopsis of the external appearances of the
main two categories of firearms (rifled and non-
rifled weapons) as well as a brief consideration of
injuries caused by crossbows and explosives.

The external wound will provide an indication of
the category of weapon as well as the angle at which the
projectile entered the body and the distance of dis-
charge of the weapon from the body. Prior to
examination, radiological imaging should be per-
formed. Discharge residue swabs, which often come in
pre-packaged kits, can be sampled from the body prior
to autopsy. Care must be taken with the use of such
swabs/kits that the person undertaking the sampling
is not carrying residue from other weapon sources.

Rifling is the process of adding grooves to the
inner surface of the barrel of a firearm to apply a spin
to the bullet to improve the accuracy of the shot.
Rifled weapons fire a single projectile and include
handguns and rifles. The appearance of the wound,
as with non-rifled weapons, is dependent on the dis-
tance of discharge of the weapon from the body and
the area of the body that the projectile passes
through. Contact wounds can be discoloured owing
to the effect of carbon monoxide within the muzzle
gases. Those occurring over bone classically show
stellate tearing of the wound edges due to the action
of muzzle gas pressure. The muzzle itself can cause a
patterned abrasion to the wound edges. Sooting and
propellant tattooing are a feature of near contact and
intermediate wounds (Fig. 9.10). The entrance
wound can show burning to the edges, with the size
dependent on the size of the projectile. Fragments of
clothing may be drawn into the wound, and so-

Figure 9.10 Near-contact rifled weapon injury.

called ‘bullet wipe’ may be seen to the edges of the
wound or underlying bone. As the distance of dis-
charge increases, the wound margin becomes devoid
of sooting, burning and tattooing.

Injuries caused by crossbows and arrows can have
a similar shape and size to those of, for example,
handguns. A radiological examination will show the
absence of a projectile in the body in a case with an
entrance but no exit wound. This may cause initial
confusion to those investigating the death until it is
realised that they may be dealing with a crossbow-
or arrow-related death (Fig. 9.11).

The shotgun is an example of a non-rifled
weapon. Although it can discharge single projectiles,

Figure 9.11 Crossbow injury mimicking a handgun
entrance wound.
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Figure 9.12 Shotgun injury.

more commonly multiple projectiles are fired. Thus,
as for rifled weapons, the wound edge can show
splitting, burning, sooting, pink change and
tattooing depending on the distance of discharge.
However, the entrance wound is larger and more
irregular; and as the distance of discharge increases
one sees multiple entrance wounds caused by
multiple projectiles as well as injuries caused by the
wadding striking the body (Fig. 9.12).

Shotgun injuries to the head tend to be extremely
disruptive. Reconstruction of the skin and cranial
bones may be required for the pathologist to exam-
ine the entrance wound.

Injuries caused by buckshot can show an appear-
ance suggestive of an injury caused by a rifled

Figure 9.13 Buckshot injury mimicking a handgun injury.

Sharp-edge injuries: incised wounds

A

Figure 9.14 Injury as a result of an explosion.

weapon. It may not be until the projectiles are recov-
ered from the body that this type of shot is identified
as the causation of the fatal wounds (Fig. 9.13).

Air-powered weapons and so-called humane
killers can cause a fatal penetrating injury, the
characteristics of the injury being determined by
the type of weapon or projectile involved (Hunt and
Kon, 1962; Milroy et al., 1998).

Where the death has occurred in relation to an
explosion, a variety of external and internal injuries
may occur, including amputation and severe disrup-
tion of the body. Multiple projectile lacerations may
be present of variable size as well as burning and
dust tattooing (Fig. 9.14). A detailed examination of
the body for device components may be required,
and radiological examination of the body to assist in
the recovery of these is essential.

Sharp-edge injuries: incised
wounds

Incised wounds are caused by sharp objects, such as
a knife, glass or pottery. They can be further subdi-
vided into two types:

« the cut/slash where the length of the injury is
longer than its depth;

o the stab wound where the depth is greater than
the width.

Both types (unlike a laceration) will have clean, well-
demarcated edges with minimal injury to the
immediate surrounding tissues.
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Examination of an incised wound may yield a
considerable amount of information, which can in
turn be used to identify a causative weapon. In the
case of a stab wound, the site on the body and the
relationship to any adjacent wounds should be
recorded, such as whether it has gone in and out
through the arm and into the armpit. The dimen-
sions of the wound should be recorded to estimate
the possible width of the blade - although the length
of the wound may underestimate the width of the
blade owing to elastic recoil of the skin. The depth of
penetration will not only identify what structures
have been injured and whether these injuries were
life-threatening, but also provides an estimate of the
length of the blade. Again, this may under- or over-
estimate the true length of the blade. If the blade has
passed all the way into the body, an area of bruising
or abrasion may be present at one end of the wound
where the hilt of the weapon or the hand of the
assailant has impacted on the skin resulting in a
blunt trauma injury.

Where multiple injuries are present the patholo-
gist should consider whether or not the same
weapon caused all the injuries, as this may indicate
the possible involvement of a second assailant

(Fig. 9.15).
The force used to inflict the injury should be esti-
mated - although this is often a subjective

assessment (Davidson, 2004; Hainsworth et al.,
2007). The skin provides the greatest resistance to
the insertion of a blade and once penetrated a blade
may be inserted into the body with minimal force.

The two types of incised wound commonly
described are the self-inflicted injury and the
defence injury. Self-inflicted injuries can occur on
any part of the body that the deceased could reach
with their own hand. In the case of incised wounds
they are classically shallow cuts that occur as parallel
groups of injuries, for example to the side of the neck
or anterior aspect of the lower arms. There may be
numerous shallow incised wounds (‘intention inci-
sions’) associated with a deeper incision, produced
as the deceased develops the courage to make the
final incision.

Defence-type injuries occur as the defendant tries
to ward off an attack. It is the position of the injury

Figure 9.15 Stab wounds caused by the use of two
knives wielded simultaneously.

on the body rather than the nature of the injury itself
that enables use of the term ‘defence injury’. In the
case of incised wounds the blade may be grabbed in
the hand with resultant injuries to the palms and
fingers. If the hand is held up in front of the blade
this may result in a penetrating hand injury. If the
defendant tried to curl up into a ball, injuries may be
seen to the legs and arms.

As indicated above, knives are not the only weap-
ons to cause incised wounds. The wound shape may
in fact be characteristic for another type of object;
examples are the irregular “Z’ shape caused by scis-
sors, the cruciform “+” shape of the screwdriver, and
the small rhomboid marks of shattered glass.

Burns

A burn injury is an area of tissue damage caused by
the effect of heat, cold, electricity, acid or alkali — asa



result of either direct transfer of thermal energy or
indirectly when another form of energy is converted
to heat (e.g. electrical energy, chemical or friction
injuries). Burn injuries can be caused by extremes of
temperatures. In the case of heat they can be caused
either by wet/moist heat (scalding) or by dry heat by
conduction or radiation.

The resulting damage to the body can be charted
using the ‘rule of nines’ to determine the total area
burnt. The pathologist should also determine
whether the burns are superficial or full-thickness
(Cooper, 2006). The terms first-, second- and third-
degree are no longer used to describe the severity of
burns.

As with the other injuries (except the bruise),
burns can occur before or after death. This is an
important issue as one part of the investigation will
be to determine at what point the person died. The
distribution of burns is also important when consid-
ering whether an attempt has been made to dispose
of the body by fire or, in the case of a living victim,
whether it was an accident or abuse. In the latter case
it is important to know the temperature of the mate-
rial causing the burn, the surface area of contact and
the time of heat exposure (Moritz and Henriques,
1947).

The severity of thermal burns is dependent on the
temperature of the heat source causing the burn, the
presence or absence of overlying clothing (which
may protect from dry burns and exacerbate wet
burns), and the duration of the exposure to the heat
source. An object at 40°C may take several hours to
produce a burn whereas an object at or exceeding
60°C may produce a burn within seconds.

Burns may present the shape of their causation.
Examples are the contact burn of a cigarette lighter
or the bars of an electric fire, and the blister on the
finger of an electrical contact point. Those resulting
from lightening may show a fern leaf pattern to the
chest or limbs due to conduction of the electrical
impulse through the small vessels of the skin, and
may be associated with disruption of the clothing.
The run patterns of scalds should be examined to
determine whether they were accidental or inflicted
by another party.

Old marks of injury

Old marks of injury

Healing injuries and scars

During the examination the pathologist should
attempt to distinguish between fresh, recent and
old/historical injuries. Healing injuries can be
placed into the old injury description section, but it
should be recorded that the injury is a healing injury
rather than a scar. This is important as it may relate
to an incident 1-2 weeks ago that could be related to
the deceased’s death. There may also be a pattern of
injury to the body suggestive of poor medical care or
neglect (e.g. healing pressure sores) or physical abuse
(child, domestic or elder).

The state of healing and any complications to the
wound should be noted. Consideration should be
given to undertaking a microscopic or microbiologi-
injuries should a
complication such as wound infection or septicae-
mia be considered. Finally, the absence of scars to
areas of the body such as the ears, elbows, buttocks
and heels should be noted if the care of an individual

cal examination of such

comes under question.

All scars should be noted and their length,
appearance and anatomical site documented. At
times it is useful to subdivide scars into those arising
as a result of an old injury and those occurring as a
consequence of previous medical intervention. If
there are a large number of scars (e.g. to the back of
the upper limbs in old people or the limbs of those
who self-harm) it is permissible to group scars of
similar causation into one description, noting the
number, site, state of healing, and the smallest and
largest lengths present.

Although scars tend to be non-specific in appear-
ance they can suggest their causation. A good
example of this is the presence of multiple, linear
scars to the fronts of the forearms in those who cause
self-inflicted injuries. A special type of scar forma-
tion is that of keloid; usually seen in Afro-Caribbean
people, this can form extensive disfiguring areas of
scaring.

An example of how to record such marks is as
follows:

113
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The following old injuries were present: (1) a 3cm
horizontally orientated well-healed scar to the anterior
aspect of the right knee; (2) a 9cm appendicectomy scar to
the right lower quadrant of the abdomen.

Amputations and contractures

The part of the body that has been amputated surgi-
cally and the condition of the scar is recorded as for
any other surgical scar. Contractures may arise in
association with neurological diseases or in those
who have suffered extensive burns. Dupuytren’s
contractures are an example of deformities of the
hands and may be idiopathic or associated with the
use of phenytoin.

Fractures

Fractures are internal injuries that can cause external
abnormalities. They can result in deformities, for
example, of the limbs or rib cage, or false mobility/
laxity of joints. Closed penetrating injuries of the pleu-
ral cavities may result in surgical emphysema, which
may manifest as palpable crepitations or abnormal
swelling of, for example, the neck or - in extreme cases
- the scrotal sac. Identification of a long bone fracture
either through external palpation and manipulation
or radiography may be sufficient in some cases,
although lower limb injuries as a result of road traffic
incidents will require invasive exploration.
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Introduction

Once the pathologist has confirmed that authority
has been given to undertake an invasive autopsy
examination, has identified that the correct body is
presented, and has personally undertaken a detailed
external examination, the body may be opened and
eviscerated to permit a detailed examination of the
viscera. Before opening the body the pathologist
should consider whether samples are needed for tox-
icological or microbiological purposes that could be
contaminated during the evisceration process. If
required, clean urine can be collected using a
suprapubic stab, blood can be aspirated from the
femoral vein, and vitreous humour can be aspirated
from the eye. The techniques used to obtain such
specimens are discussed in Chapter 15.

The techniques employed to eviscerate a body have
apparently altered little in recent times, with the pos-
sible exception of a move away from the ‘standard’
midline incision used to open the body (Box, 1919;
Wilson, 1972). Too often, this aspect of the autopsy
examination is delegated to the anatomical pathology
technologist (APT), and not infrequently is under-
taken in the absence of the pathologist. The
evisceration is a vital aspect of the autopsy and should
ideally be performed by the pathologist. In a busy
mortuary, the evisceration may be undertaken by the
APT but the pathologist should be on hand to inspect
the organs at each stage and prior to their removal. Itis
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strongly recommended that the evisceration be per-
formed by the pathologist in investigations of
postoperative deaths, otherwise vital information can
be lost (Start and Cross, 1999). Similarly in cases of
trauma, decomposition, or if there is an element of
suspicion or homicide, the pathologist should under-
take the process as he or she is required to observe
findings within each body cavity as it is opened and
examined. Under no circumstances should the APT
be permitted to eviscerate a body before the patholo-
gist has undertaken an external examination.

In this chapter, the techniques employed to open
the body cavities and remove the contents of the
thorax, abdomen and pelvis are described. These
techniques require modification in certain circum-
stances, for example when examining the muscles of
the rectus sheath, and such modifications are dealt
with. The methods employed in removing the brain,
spinal cord, eyes, middle ears and vertebral arteries
are described in Chapter 12.

From time to time the pathologist may have to
perform a procedure that is not routinely performed
during a hospital or medicolegal autopsy. These are
commonly referred to as ‘special procedures’,
although in truth the pathologist should be fully pro-
ficient in any procedure that may be required during
an autopsy. As with other aspects of the general
examination, under the Human Tissue Act 2006
these procedures must be carried out at licensed
premises by a registered medical practitioner or a
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Figure 10.1 Making a skin incision. (a) The knife is held perpendicular to the skin. (b) The chamfered incision produced

when the blade is not held perpendicular to the skin.

person in the employment of a health authority
acting on the instructions of a registered medical
practitioner (see Chapter 4 for more information on
the Act). We have included within this chapter the
so-called ‘special procedures’ that can be employed
to enhance the examination. These techniques have
been placed into the relevant cavity or organ system
to provide a more logical layout. Those examina-
tions related to organs rather than general
evisceration have been incorporated into the chapter
concerning dissection (Chapter 11)

Incisions

A variety of incisions can be used to open the body
(Knight, 1996). These basically all involve a midline
anterior approach and differ in respect of the neck
dissection. Regardless of the method chosen, the
body should be placed in the supine position with a
block under the shoulders to extend the neck. The
incision should be made with a sharp fresh blade
held perpendicular to the skin. This produces a clean
cut that is easy to close at the end of the autopsy (Fig.
10.1a). If the blade is held at an angle, a chamfered
skin incision results, which can give rise to an unsat-
isfactory reconstruction (Fig. 10.1b).

The incision used needs to be safe for the opera-
tor. It should provide maximum exposure and at the
same time permit a satisfactory reconstruction of

the body. We recommend that a U-shaped or
Y-shaped incision be used (Fig. 10.2a). The incision
begins 1cm behind the external auditory meatus,
passes down the lateral aspect of the neck as posteri-
orly as possible, and crosses over the clavicle over the
outer third (Fig. 10.2b). A similar incision is made on
the opposite side and joined with a smooth curve
meeting over the sternal angle. This produces a flap
of skin that can be cleared from connective tissue
back to the mandible (Fig. 10.2¢c). While reflecting
the skin of the neck, the blade is angled away from
the skin, so avoiding damage to the skin itself. This
reveals the neck structures, submandibular glands
and the parotid glands and makes the removal of the
tongue a visible and safe process. The incision is
then followed down the anterior body wall, skirting
the umbilicus, to the mons pubis.

Other techniques widely practised include a
T-shaped incision that is also known as a ‘bucket
handle’ incision (Fig. 10.3a) and a single midline inci-
sion (Fig. 10.3b). With the former technique, the neck is
opened with a transverse incision which runs from
acromion process to acromion process along the line of
the clavicles; in the latter a single incision is made from
the laryngeal prominence to the mons pubis. Earlier
texts have regarded the single midline incision as the
‘standard’ for opening the body, preferring it over the
U-shaped or V-shaped incision described above (Box,
1919; Wilson, 1972). However, both the T-shaped and
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Dissection of the neck

Figure 10.2 (a) Y-shaped incision. (b) Dissection of the Y-shaped neck incision. (c) Reflection of the

neck skin flap.

the ‘standard’ incision are to be avoided as they do not
allow adequate visualisation of the neck structures.
Although popular with some APTs because it results in
less sewing at the end of the autopsy, the use of a single
midline incision is especially dangerous to the operator
as it does not allow room for dissection of the tongue
and neck under direct vision. In addition, single mid-
line incisions disfigure the neck and result in a
reconstruction that may be unacceptable to the rela-
tives of the deceased. When viewed in a funeralhome, a
U or Y incision leads to a better presentation as the neck
is not as distorted by the presence of midline sutures
and the lateral neck sutures can be hidden by careful
placement of the pillow or bed sheets. Thus the single
midline incision should be vigorously avoided in
autopsy practice.

In cases where the consent given for a hospital
(‘consent’) autopsy to be performed is limited and
forbids opening of the neck (or indeed of the thorax),
the body may be opened via a T-shaped subcostal
incision. An initial midline incision is made extend-
ing from the xiphisternum to the mons pubis. The
skin and muscles of the abdomen can then be incised
along the costochondral margins (Fig. 10.3¢c). The
skin flaps so produced fall away to give safe and wide
access to the abdominal and pelvic cavities.

Dissection of the neck

Whenever there is a possibility of trauma to the neck
(as, for example, in hanging, strangulation, or where
there is bruising in the anterior neck or petechial
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Figure 10.3 (a) T-shaped incision. (b) Single midline incision. (c) Subcostal incision.

haemorrhages in the eyes) the skull should be
opened first and the brain removed. The chest and
abdomen should then be opened and the thoracic
contents removed utilising an incision across the
thoracic inlet. This leaves the neck structures in situ
for layered dissection. Removal of the cranial and
thoracic contents decompresses the neck veins,
which is done in an attempt to differentiate artefac-
tual ‘Prinsloo-Gordon’ haemorrhages within the
neck from traumatic bruises (Prinsloo and Gordon,
1951; Rutty et al., 2005). If trauma is not suspected
and there are no external marks or bruising to the
strap muscles on reflection of the skin, then removal
of the tongue and neck structures in continuity with
the thoracic organs can proceed.

Dissection of the neck can be considered from
two aspects, the front and the back. The former is
the more often performed although the latter may be
of more importance - for example in a case involv-
ing the application of force to the neck (e.g. in
manual strangulation where there may be more
bruising found in the posterior neck compartment
than in the anterior one) or in cases of hyper-exten-
sion or flexion of the neck as may occur in the shaken
baby syndrome or road traffic incidents.

Anterior approach to neck dissection

The anterior approach starts with a Y-shaped inci-
sion to the skin of the neck, which is reflected back
to the level of the jaw (Fig. 10.4a). The immediate



subcutaneous tissue and platysma muscles are
inspected (Fig. 10.4b). An in-situ layered dissection
of the structures is then performed. The insertion of
each sternocleidomastoid muscle into the clavicle is
identified and incised. Each muscle in turn is then
dissected to the level of the jaw (Fig. 10.4c). The
lesser belly of each omohyoid is then identified (Fig.
10.4d) and dissected off to the attachment on the
hyoid bone. In a similar manner, the sternohyoid
and sternothyroid muscles are dissected away (Fig.
10.4e and f). Finally the thyrohyoid muscles are
lifted away from the thyroid cartilage (Fig. 10.4g). At
this stage the hyoid bone, thyroid and cricoid carti-
lages are examined in situ. The thyroid gland is
incised and can be removed and weighed. The
tongue is detached and the central neck structures
are removed. Each carotid sheath is then examined
(Fig. 10.4h). The internal jugular vein and carotid
artery and its branches are identified, examined and
opened in situ with blunt-nosed scissors (Fig. 10.41).
The vagus nerve is also examined in situ. The
oesophagus is opened on the back of the neck pluck.
An incision is made to the lateral aspect of the hyoid
bone and laryngeal cartilage to examine the greater
horns and the hyoid bone is separated from the base
of the tongue. The tongue is cut in half with an inci-
sion starting at the base and running transversely to
the tip. Finally the larynyx and trachea are opened
from behind (Vanezis, 1989; Adams, 1990, 1991).
Histological examination of hyoid bone, laryngeal
and cricoid fractures can be performed in order to
assess vitality and injury age.

An alternative method of dissection of the larynx
has been described by Maxeiner (1998). This pro-
vides a method to assist with the examination for
incomplete fractures of the dorsal surfaces of the
thyroid laminae and incomplete or non-dislocated
fractures of the cricoid cartilage. It requires the com-
plete resection of the thyroid cartilage and a
horizontal incision through the cricoid cartilage
before opening the larynx dorsally.

Posterior approach to neck dissection

The body must be completely turned over to exam-
ine the neck from behind. The usual scalp incision is

The thorax and abdomen

extended down along each side of the neck to the
level of the shoulders and the skin reflected down-
wards. As this examination should be undertaken in
conjunction with the anterior inspection, a single Y
incision to the neck allows both compartments to be
examined. As with the anterior approach, a layered
dissection is performed with each muscle being
examined in turn. The muscles are detached from
their superior attachment to the skull and reflected
downwards towards the back. Exposure of the poste-
rior aspect of the cervical spine allows for inspection
of the ligaments, bones and upper aspect of the ver-
tebral arteries. This approach also allows for the
posterior periosteum to be removed from the skull
to allow for inspection of, for example, lambdoid
wormian bones or posterior skull fractures.

The thorax and abdomen

The skin and muscles of the chest wall are freed from
the rib-cage taking care not to disrupt the intercostal
muscles. Bruising that may be the result of cardio-
pulmonary resuscitation or other trauma to the soft
tissues of the anterior chest wall is noted if present.
Tears may occur to the anterior and posterior chest
muscles in bodies that have been dragged by their
arms or have hung by their arms from a height - for
example a person dangling by the arms from a
window or balcony.

Demonstration of a pneumothorax

The possibility of the presence of a pneumothorax
should always be considered before starting the
autopsy, since procedures for demonstrating one
must be performed prior to opening the thoracic
cavity. Three methods of demonstrating a pneumo-
thorax are described, one being a more refined
version of another which requires more equipment.
Prior to any procedure the need to perform or review
any radiological imaging must be considered. Putre-
factive decomposition may result in a false—positive
test, whichever method is chosen.

Direct inspection

In the first method the usual midline incision is
made to the anterior chest skin. A layered dissection
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of the subcutaneous fat and anterior chest wall mus-
cles is undertaken, taking care not to puncture the
intercostal muscles. With the rib-cage exposed, an
anterior intercostal muscle is carefully removed with

Figure 10.4 (a) A Y-shaped incision is made to the neck.
(b) The skin is reflected and the platysma is inspected. (c)
The sternomastoid muscle is exposed. (d) The omohyoid
is exposed. (e) The sternohyoid muscle is dissected free.

a scalpel making sure not to penetrate the parietal
pleura. On removal of the muscle, direct visual
inspection through the pleura will reveal whether or
not the underlying lung is normally sited beneath it.
If one can see lung then the deceased does not have a
tension pneumothorax. This can be repeated at sev-
eral sites on both sides. Once assured that no
pneumothorax is visible then the chest is opened in
the usual way.

Underwater technique

The APT can be requested to hold the reflected
tissue away from the chest and the intervening space
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Figure 10.4 continued (f) The sternothyroid muscle is
dissected free. (g) The thyrohyoid muscle is dissected free.
(h) The contents of the carotid sheath are examined. (i) The
carotid artery and internal jugular vein are opened.

is filled with water. One of the intercostal spaces is
then punctured, under water, with a blunt instru-
ment and careful observation for bubbles is made. A
blade should not be used as this may puncture an
underlying bulla and give a false-positive result.
Compression of the chest may be required in the
case of a non-tension pneumothorax. The procedure
is repeated to the other side of the chest.

Quantifiable underwater technique

In the third method a wide-bore hypodermic needle
(approximately 18 gauge) is connected to a 20 or
50mL syringe from which the plunger has been
removed. The needle is then pushed just into the

The thorax and abdomen

subcutaneous tissue above an intercostal space over
the anterior chest without entering the chest cavity.
The syringe is then filled with water and the needle
is advanced into the pleural space, making observa-
tion of any bubbles. The procedure is repeated to the
other side of the chest.

The breasts

The breasts can be examined when the soft tissues
have been freed from the rib-cage. These are first pal-
pated, with the advantage that at autopsy one can
palpate from the external and internal aspects simul-
taneously. The breast tissue can then be sliced at no
greater than 10 mm intervals internally, making sure
to follow the axillary tails out to the axillae (Fig. 10.5).
The breast should be supported with a sponge and
delicate stokes of the blade are needed to avoid incis-
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Figure 10.5 Slicing the breasts.

ing the skin. The breasts should be examined in this
way in every female autopsy. If the body is being evis-
cerated by an APT the pathologist must remember to
return to the body to carry out this examination,
which is frequently overlooked.

The abdominal wall

The abdominal skin and underlying fat are reflected
off the abdominal musculature (Fig. 10.6). Incisions
can then be made to the midline of the rectus sheath
as well as along the insertions of the muscles to the
right and left side of the lower aspect of the rib-cage.
This allows for the abdominal wall to be flapped
open. If the skin is intractable owing to significant
obesity or cold, firm adipose tissue, a midline
abdominal incision can be used to open straight into
the abdominal cavity to display the abdominal con-
tents. A series of anterior—posterior cuts on the inner
surface will generally allow the skin to be folded
back without risk of it flopping into the dissection
(Fig. 10.6). In mortuaries lacking scales to weigh the
body, the thickness of the abdominal panniculus can
be measured in lieu of a body mass index determina-
tion. The presence, nature and volume of any fluid
within the abdominal cavity is best recorded at this
point, prior to opening the chest cavities.

The rectus sheath can be examined in detail in
cases where there has been abdominal surgery or
blunt trauma. It may be necessary to identify the site
of an abscess within the sheath or the location and
size of a bruise.

Figure 10.6 Exposure of the chest and abdomen.

Starting with the midline incision, the skin is
reflected laterally, separating the subcutaneous
tissue from the underlying muscle (Fig. 10.7a). At
this stage a finger can be placed in each inguinal
canal to retrieve and examine the testis. The proxi-
mal insertion of the rectus sheath into the rib-cage
is identified and incised. Each muscle is then dis-
sected off the underlying structures working
towards the symphysis pubis (Fig. 10.7b). In a simi-
lar manner, without entering the abdominal cavity,
the external and internal oblique muscles (Fig. 10.7c
and d) as well as the transversus abdominus mus-
cles are identified on each side and dissected free.
Finally, the midline incision enters the abdominal
cavity and goes to the symphysis pubis. Finally, as
described above, incisions are then made along
each insertion of the abdominal fascia into the
coastal margin, working laterally to allow the
abdominal wall to open with two flaps (Fig. 10.7e).
This allows maximum access to the abdominal
cavity without the need to further incise the
muscles.

The chest cavity

The chest cavity can now be opened. The muscles of
the right and left side of the chest wall should be
reflected in layers to assess for injuries or natural
pathology. This permits a greater exposure of the
rib-cage, allowing for the assessment of a pneumo-
thorax as described above, and makes the process of
opening the rib-cage easier.
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The sternoclavicular joints are identified and dis-
articulated with a PM40 blade. There are several
alternative methods of incising the chest wall. Some
pathologists prefer to cut through the ribs at the
costochondral cartilages; this can often be achieved

(e)

Figure 10.7 (a) The skin of the abdominal wall has
been reflected. (b) The rectus muscles are reflected to
the symphysis pubis. (c) The external oblique muscle is
reflected. (d) The internal oblique muscle is reflected.
(e) The abdominal cavity is exposed.

with a PM40 blade or a sharp bread knife, but when
this is difficult, rib shears can be used (Wilson,
1972). The ribs are separated up to the first rib,
which is left intact. This permits inspection of the
chest contents without significant leakage of blood
from adjacent large vessels, which inevitably occurs
when cutting the first rib. Alternatively, the thorax
can be opened with a more lateral incision which
runs from the sternoclavicular joint to the anterior
axillary line. This method has the advantage of
offering a wide field of view of the thoracic contents
and provides greater access for the subsequent
removal of the spinal cord. Such an incision can be
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Figure 10.8 (a) Division of ribs with a saw. (b) Division of
ribs with a breadknife. (c) Rib shield removed.

made using rib shears, an oscillating saw or a bread
knife. Reflection of the muscles of the chest wall as
described above makes the passage of the shears or

saw easier. Rib shears are the least preferred method
as they leave sharp edges which pose a hazard when
removing the thoracic contents. An oscillating saw
with a fan-shaped blade leaves smooth edges (Fig.
10.8a) but will create aerosols if there is fluid within
the pleural cavity. A bread knife is the cheapest and
most acceptable option. The knife should be held
almost horizontal — at an angle of approximately
10-15 degrees from the chest wall (Fig. 10.8b) — and
used with firm downward pressure. The result is a
rib incision with smooth edges, without the need to
first incise the chest wall muscles, and without the
formation of aerosols. If the blade is angled too
steeply, this method can result in incision of the
underlying organs (Walker et al., 2002).

The anterior rib shield can be reflected, taking
care not to damage the structures underneath. Spe-
cial care is needed where coronary artery bypass
grafts have been performed using the internal mam-
mary arteries. When the cavity has been examined
and the gross disposition of the organs regarding
situs and pathology has been determined (e.g. hyper-
inflation of the lungs in asthmatics), the first rib is
cut and the medial attachments of the clavicles are
severed. The sternum and rib segments are then
removed, leaving a clear view of the neck structures
in continuity with the mediastinum (Fig. 10.8¢). The
muscles of the rib shield are incised, to facilitate the
detection of anterior rib fractures. Returning to the
body, the cut ends of the ribs should be covered
either with the skin flaps or with towels to prevent
sharps injuries. This is especially important when
the ribs have been divided with shears. The risk of
sharps injuries during the evisceration, and particu-
larly from the cut surfaces of bones, cannot be
over-emphasised (Weston and Locker, 1992; Burton,
2003).

Removal of the neck, thorax and
abdominal organs

The choice of method used to remove the internal
organs will depend on the individual case and the
personal preference of the pathologist undertaking
the examination. The organs may be removed in a



single block (Letulle technique), which includes the
neck structures, thoracic, abdominal and pelvic vis-
cera in continuity, or in two blocks, separating the
neck and thoracic organs from the abdominal and
pelvic viscera. The removal of the organs one by one
following the technique advocated by Virchow and
propounded by some authors (Gresham and Turner,
1979) is not recommended as it prevents examina-
tion of the viscera in anatomical continuity.
One-block two-block
described here.

and eviscerations are

Removal of the neck structures and
thoracic contents

The following procedure should be undertaken only
if a layered neck dissection is not required (see
above).

Once the chest cavity has been opened the tongue
and neck structures can be freed. The neck flap is
lifted and the tip of a PM40 blade inserted submen-
tally. The tongue is cleared by an incision which
follows the inner surface of the mandible, taking
care not to damage the skin of the lips and face. If the
pathologist inserts the fingers of their non-domi-
nant hand into the buccal cavity from below, the
tongue can then be retracted inferiorly, allowing the
structures within the mouth to be freed of their lat-
eral and posterior attachments under direct vision
(Fig. 10.9a and b). In this way, the tongue and the
upper limits of the pharynx and oesophagus are
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removed intact in direct continuity with the neck
structures. The presence or absence of foreign bodies
in the laryngeal opening should be sought at this
point. If the clinical history suggests that death was
due to choking, the larynx and trachea can be
opened in situ using a PM40 blade and scissors. This
will allow foreign objects lodged at the level of the
vocal cords to be visualised in situ.

All of the neck structures can now be cleared
from the anterior aspect of the cervical vertebrae,
severing the carotid arteries as high as possible
above the bifurcation. Alternatively, the carotid
artery, jugular vein and vagus nerve can be dissected
free and examined in situ. The soft tissue connec-
tions and vessels at the thoracic inlet can then be cut
following the line of the upper ribs backwards to the
cervical bodies. The neck structures and thoracic
organs can now be freed in continuity with blunt
dissection from the anterior aspect of the thoracic
vertebrae down to the level of the diaphragm. This
can be facilitated by an incision made into the pari-
etal pleura bilaterally along the vertebral pedicles.
The organs are then replaced in the chest and neck
and attention is turned to the abdomen.

The presence of pleural adhesions may hamper
removal of the lungs. Where only a few are present,
they may be incised with a knife. In cases where the
pleural cavity is obliterated by adhesions, a cleavage
plane may be made with the hand before pulling the
lungs free. Where dense adhesions or tumour pre-
vents this, the lung can be removed by running a

Figure 10.9 (a) Tongue being freed from the mandible. (b) Neck structures freed from the vertebral bodies, taking care
not to apply pressure to the larynx.
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knife down the whole length of the parietal pleura
over the inner aspect of the ribs, and forcing a hand
through the slit to form a cleavage plane between the
parietal pleura and the chest wall (Knight, 1996).

Removal of the intestines

To remove the organs in one block, the eventual bulk
of the block is first reduced by removing the majority
of the intestines. They are examined in situ and if
there are no contraindications may be removed. The
origin of the jejunum is located immediately behind
the transverse colon as it emerges from its retroperito-
neal course and is tied off by making a hole in the
mesentery, tying two ligatures using string and divid-
ing the gut between them (Fig. 10.10a). The small and
large intestines are dissected free of the mesentery in
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Figure 10.10 (a) Jejunum being ligated. (b) Intestine dissected from mesentery. (c) Rectum dissected. (d) Bowel opened.

continuity (Fig. 10.10b) down to the level of the
rectum (Fig. 10.10c), which should be transected as
distally as possible. If the pathologist intends to open
the small intestine, it should be dissected from its
mesentery as close to the intestinal wall as possible.
This produces a straight length of intestine that can
be easily opened with scissors. If the small intestine is
not to be opened, it can be removed more rapidly by
incising its mesentery along its root, which runs from
top left to bottom right. The large intestine and
rectum are freed from the posterior abdominal wall
using blunt dissection. Care is needed to avoid tearing
the capsules of the liver or spleen, and to avoid open-
ing the stomach. In cases of intestinal infarction, the
mesenteric vessels should be examined in situ prior to
incision of the mesentery. The intestines can be
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Figure 10.11 (a) Diaphragm incised. (b) Pleura incised. (c) Visceral pluck removed. (d) The isolated visceral pluck is

examined for gross abnormalities.

opened along the anti-mesenteric border using bowel
scissors (Fig. 10.10d), and this is made easier if the
mesentery has been incised as close to the bowel as
possible. If the contents of the gut do not need to be
sampled for toxicology or microbiology, the bowel is
opened and washed in cold water, taking care not to
produce aerosols, and the luminal surface is exam-
ined. All abnormalities should be recorded, described,
measured and related to some measured fixed ana-
tomical site such as the ileoceacal valve. The specimen
can also be photographed if desired before histologi-
cal sampling.

Removal of the testes

No autopsy on a male is complete without an exami-
nation of the testes. The external genitalia are

examined in situ before removing the testes. This is
best done once the abdomen has been opened. The
testes can then be removed from the scrotum via the
inguinal canal using blunt dissection.

Removal of the abdominal and pelvic
viscera (one-block technique)

Once the bulk of the intestines have been removed it
is relatively simple to free the abdominal and pelvic
viscera from the abdominal wall. The diaphragm is
first incised as close to the abdominal wall as possi-
ble (Fig. 10.11a) and the retroperitoneal tissues are
freed posteriorly with a combination of blunt and
sharp dissection. The block of tissues containing the
rectum, bladder and prostate (or the uterus and
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adnexa in the female) is freed by blunt dissection
working anteroposteriorly. This block can then be
separated from the pelvic walls by severing the tis-
sues as close to the organ outlets as is possible
without puncturing the skin or disrupting the peri-
neum. Freeing the retroperitoneum and the pelvic
blocks is the most difficult part of the evisceration to
perform under direct vision. The temptation to free
tissues by sense of touch alone and a knife wielded
blindly should be strongly resisted. Such a technique
is both dangerous and a bad dissection. The sur-
geon’s dictum that ‘you should never cut anything
until you are sure of what it is’ is also valid for
pathologists.

When these blocks are cleared laterally and at the
pelvic outlet, the dissection of the aorta from the
anterior surfaces of the lumbar vertebrae and
sacrum can be continued from the thoracic block
downwards. Once again, this is made easier by incis-
ing the prevertebral fascia. The kidneys in their
perinephric fat can be freed from the posterior
abdominal wall using blunt dissection. The whole
‘visceral pluck’ can now be removed in one piece
(Fig. 10.11b and c). This is often heavy and may
require a helping hand from the APT, since attempt-
ing to support the whole block by lifting from the
neck alone often breaks the hyoid bone or cartilages
associated with the larynx.

The empty cavity should be dried with a sponge
and the various surfaces examined for abnormali-
ties. The intercostal muscles are incised, to facilitate
the examination for posterolateral rib fractures.
While the interior is dry, thus preventing aerosol
formation, a broad-bladed chisel and a rubber-
headed mallet can be used to strip off sections of the
anterior aspects of several adjacent vertebral bodies
looking for osteoporosis, fractures, tumours, infec-
tion, disease and amounts of marrow. Alternatively,
‘vertebral strips’ can be obtained using an oscillating
saw with a fan-tailed blade.

Removal of the viscera in two blocks

The method described above for removing the
organs in one block has the advantage that the
organs can be subsequently dissected in anatomical
continuity. Many pathologists, however, find that

the organ block produced is heavy and unwieldy and
prefer to eviscerate the thoracic organs separately
from the abdominal and pelvic block. Such a dissec-
tion method may also be of particular value in the
examination of patients who have had intra-abdom-
inal surgery, sepsis or neoplasia with resultant
multiple adhesions between the loops of small and
large intestine. In such cases, it is often preferable to
leave the bowel attached to the abdominal block and
remove the thoracic organs separately.

To remove the organs in two blocks, the body cav-
ities are opened as before and, if desired, the
intestines are removed. The neck structures, pleura,
diaphragm and pelvis are dissected as described for
the single-block technique above, and the thoracic
organs are freed from the vertebral bodies with blunt
and sharp dissection. The thoracic aorta can now be
divided at the level of the descending aortic arch and
dissected off the back of the thoracic block. The
oesophagus is similarly divided below the pharynx
and dissected free, so that it remains in continuity
with the stomach. Some pathologists prefer to ligate
and divide the stomach at the level of the diaphragm.
While it produces a more manageable block, this
technique prevents a subsequent assessment for
oesophageal varices. The inferior vena cava is
divided and the thoracic organs can now be freed
and removed. The abdominal and pelvic organs are
then removed as before.

Whether removed in one or two blocks, the freed
pluck can now be examined for gross abnormalities
before proceeding to the systematic dissection (Fig.
10.11d).

Examination of the genital tract

On occasion it may be necessary to examine the
male or female genital tract in association with the
lower genital and gastrointestinal tracts. The proce-
dures for each gender are outlined below.

Female genital tract

Removal of the intact female genital tract encom-
passes a block dissection and examination of the
bladder, external and internal genital tract, rectum
and anus. The procedure should be considered when
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Figure 10.12 (a) With the body in the prone position, a
suture is placed in the anal margin. (b) An incision is made
along either side of the anus. (c) The anterior abdominal
incision is extended posteriorly down each side of the
external genitalia. (d) A wedge is cut from the pelvis with
an oscillating saw. (e) The genital tract is lifted free of the
pelvis. (f) The genital tract can be examined en bloc.
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the deceased has any form of natural pathology that
may involve two or more of the above structures, for
example invasive tumours or fistulae, as well as the
assessment of medical or surgical procedures to this
area. The technique is also used in the assessment of
genital tract and anal/rectal injuries in cases of sus-
pected sexual assault.

To start the procedure, the body is placed in the
prone position to enable examination of the anus. A
suture is then placed at the posterior margin - the
base of the natal cleft at the 6 o’clock position (Fig.
10.12a). This assists in the removal of the specimen
and acts as a marker stitch. An incision is made to
either side of the anus (Fig. 10.12b) and continued
forwards on either side of the external genitalia. The
anus and rectum are dissected free before returning
the body to the supine position.

With the legs separated, the standard midline
abdominal incision is continued downwards on either
side of the external genitalia to join the posterior inci-
sions (Fig. 10.12c). The skin and subcutaneous
structures are then dissected free of the pubic rami
and brought forwards. Using either an oscillating saw
with a fan-tailed blade or a hand saw, two incisions are
made to the front of the pelvis and the bone wedge
lifted free (Fig. 10.12d). The bladder, genital tract and
rectum with anus can now be dissected free from the
lateral and posterior aspects of the pelvic wall and
lifted forwards and upwards through the gap in the
pelvic ring (Fig. 10.12e).

The genital tract can now be examined en bloc
(Fig. 10.12f). With the specimen positioned with the
anterior aspect uppermost, the urethra is identified
and opened along its anterior aspect to the bladder.
The bladder is similarly opened. The specimen is
then rolled over and the marker stitch to the anus
identified. At this point the anus is incised working
posteriorly to examine the entire rectum. Finally the
vulva is examined and the vagina opened along
either lateral wall. The uterus is then cut in half to
expose the os, cervical canal and endometrial cavity.
Each fallopian tube and ovary is then examined.
Using this technique all three structures can be
examined independently and yet any pathology
involving two or more structures can be identified
and recorded.

To reconstruct the pelvis, the bone wedge is
replaced in the pelvic ring. The skin incision is
closed using a series of deep strong sutures, working
anteriorly from the posterior aspect (Chapter 21). An
excellent cosmetic result can be achieved.

Male genital tract

Examination of the male genital tract can be under-
taken in the same way as that of the female. The only
difference is that one has to decide whether to
remove the entire penis, as with the female external
genitalia, or not. It can be undertaken such that the
rectum, anus, penis, bladder, testes, ureters and kid-
neys can all be removed en bloc or in an appropriate
combination.

If the decision is made to leave a cosmetic penis
intact, the skin of the penis must be dissected away
from the internal structures from the base towards
the glans, by inverting the skin as one proceeds. In
this way the internal structures of the penis can
remain attached to the bladder and prostate via the
urethra and a good cosmetic reconstruction can
occur by packing the skin of the penis afterwards
with a suitable packing agent.

Bone-related procedures

The pathologist may be required to undertake a
number of bone-related procedures at the eviscera-
tion stage. These relate to the assessment of the
presence of osteoporosis, the consideration for spe-
cialist examination of the rib-cage and thoracic
spine, and the removal of a whole long bone as typi-
fied by the removal of a femur.

Assessment of osteoporosis

The assessment of osteoporosis (or more accurately
osteopenia) is of considerable importance, since
death following fracture of the femur may be attrib-
uted to natural causes if severe osteoporosis is
present, or may be viewed as a trauma case (therefore
attracting the interest of the coroner) if no osteo-
porosis can be demonstrated.

The traditional method of assessing bone fractur-
ability in the mortuary is to take the cut end of a rib
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Figure 10.13 (a) The rib is squeezed, assessing for osteoporosis. (b) Assessing the vertebral medullary bone for

osteoporosis.

between finger and thumb and deform it until it frac-
tures (Fig. 10.13a). A range of subjective assessments
(up to six) can be established with a little experience
and this has been demonstrated to show good inter-
observer reproducibility (Harris et al., 1991).

The second method is to assess the strength of the
trabeculae of the medullary bone of the vertebral
bodies by direct pressure after removing the anterior
aspects (Fig. 10.13b). This has been shown to be less
sensitive and reproducible than rib fracture at estimat-
ing bone fraturability, even though the ribs are mainly
cortical bone, which is thought to be less significant
than medullary bone in osteoporotic fracture.

Formal comparison of the mechanical strength of
isolated femurs with these crude indices of bone
strength in a small series has shown them to be better
predictors of osteopenia than bone histomorphome-
try. More recent studies showed that DEXA scanning
of isolated bones was an ever better indicator and cor-
related well with rib fracturability and direct
quantitative femoral mechanical fracturability. Indi-
ces such as the Singh index, even when automated in a
computerised morphometry system, showed very
poor correlation with direct mechanical testing.

Removal of an infant’s rib-cage for the
examination of fractures

Prior to an autopsy of an infant a radiological survey
should have been undertaken of the bony skeleton. If

this reveals old or new rib fractures, or if a squeezing
injury to the chest is suspected, then the entire rib-
cage should be removed for further radiological and
histological examination. Often the pathognomonic
injuries of squeezing can be identified only on
microscopic examination of the site of insertion of
the rib head with the vertebrae.

The standard autopsy is first undertaken on the
infant. The thoracic cavity will have been opened with
the sternum removed by careful cutting through the
cartilaginous insertions of the ribs. The thoracic
pluck is removed. If the spinal cord is to be removed
this should be undertaken from a posterior approach
in this procedure so as not to cause any damage to the
rib head insertion to the thoracic spine.

The thoracic skin, soft tissues and muscles are
further dissected from the rib-cage, starting at the
front and proceeding all the way to the back. A cutis
made through an intervertebral disc above the level
of the first thoracic vertebrae. This releases the
upper end of the dissection block. A cut is then made
through an intervertebral disc below the 12th
thoracic vertebrae. This frees the lower margin of
the dissection and the entire rib-cage and attached
thoracic spine will lift free from the cadaver.

The dissection block should be fixed in formalin.
It should then be x-rayed. The removal of the skin
and soft tissue attachments will yield a higher qual-
ity x-ray examination of the rib-cage. Following this
the entire specimen should be decalcified.
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Following decalcification, the specimen is pre-
pared for microscopic examination. The thoracic
spine can be left intact or the specimen can be cut in
half. Each rib insertion onto the thoracic spine
should be identified and sectioned. Depending on
whether the spine is cut in half, this will either yield
12 blocks composed of the vertebrae with both
attached rib heads or 24 hemi-vertebrae with
attached rib heads. The authors prefer the latter
approach so that there is no possibility of mix up
between the left and right sides. The anterior costal-
cartilage junctions are then all sampled. Finally, any
abnormality identified on x-ray or palpation of the
ribs is sampled.

Removal of the femur

Removal of the femur starts with a medial incision to
the superior aspect of the upper leg, just below the
groin. The incision proceeds inferiorly along the
medial aspect of the upper leg to the level of the knee
where it sweeps below the patella to go to the lateral
aspect of the knee. A shorter incision to the medial
thigh, starting just above the medial femoral condyle,
can also be used but this provides a more limited view
of the femoral shaft. The cutting then proceeds supe-
riorly along the lateral aspect of the upper leg to the
level of the hip. Starting at the knee, the skin flap -
including with it the patella - is reflected upwards to
the hip, thus exposing the femur. The knee is then
flexed and the lateral, medial and cruciate ligaments
are divided (Fig 10.14a). The muscle is divided down
to the bone and cleared from the periosteum with a
PM40 blade. This starts at the knee and proceeds
upwards until the hip is reached (Fig. 10.14b). Using
this amount of clearance, division of the hip capsule
and the ligaments and tendons is conducted under
direct vision (Fig. 10.14c). Rotating the femur to
enable complete freeing of the attachments at the hip,
the femur is lifted free. Reconstruction can be per-
formed as described in Chapter 21.

Dissection of the face

Examination of the face should not be undertaken
by anyone who is not already proficient with stand-
ard autopsy techniques as there is a potential risk of

(a)

Figure 10.14 (a) The ligaments of the knee are divided.
(b) The muscle is divided down to the periosteum. (c) The
hip joint is exposed.

causing incisions to the skin of the face that may
result in a poor cosmetic result. It is, however, an
important technique for the assessment of facial
pathology, including natural disease (e.g. tumours),
maxillofacial surgery and blunt trauma to this area.
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The standard Y incision is continued rostrally
such that it joins the incision used for examination
of the scalp. The skin of the neck is reflected to the
level of the jaw (Fig. 10.15a). Starting laterally, the

(@)

Figure 10.15 (a) The skin is reflected to the angle of the
jaw; the tongue has already been released in this case.

(b) The external auditory meatus has been divided, and
the skin of the face reflected, working towards the nose.
(c) The oral cavity has been opened and the gum margin
incised. (d) Dissection stops at the bridge of the nose.

(e) The dissection has been continued, to expose the bony
orbit and stops at the bridge of the nose.

external auditory meatus is cut and the skin reflected
forwards towards the nose (Fig. 10.15b). This is dis-
sected off the musculature of the face. As one
approaches the midline of the jaw extra care is
required as the skin is thin at this site and punctures
must be avoided. As one reaches the lateral part of
the mouth the incision runs along the connection of
the oral cavity to the bone and enters the oral cavity
(Fig. 10.15¢). The dissection stops on reaching the
nasal structures (Fig. 10.15d). The same procedure is
performed to the other side. This will result in the
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skin being attached only to the nose and around the
eye sockets. The dissection can be continued by
carefully advancing the PM40 blade between the
outer aspect of the eye socket and the periorbital fat.
By making a sweeping motion around the orbit the
eye may be brought forward in continuity with the
skin of the face. The muscles and optic nerve are cut
and the orbital contents will come out of the eye
socket. The dissection can continue towards the
bridge of the nose, where most would stop. If
repeated on the other side, the skin of the face now
remains attached only along the ridge of the nose
(Fig. 10.15¢). Although the skin can be completely
removed this should be attempted only by those per-
forming this procedure regularly. The muscular and
bony structures of the face, mouth and nasal cavity
may now be examined through layered dissection.

Minimally invasive autopsies

To end this chapter we consider alternatives to full
invasive autopsies. These are known as ‘minimally
invasive’ procedures. With the exception of so-
called ‘view and grant’ systems or radiological
autopsies (see Chapter 19) all other published alter-
natives to the invasive autopsy have an invasive
component, even if it is the insertion of a needle into
the body (Rutty, 2007). The two principal groups of
minimally invasive approaches are presented here.

The needle autopsy

Three types of needle autopsy are described in the
literature (Underwood et al., 1983; Dorsey, 1984;
Walker and Going, 1994; Foroudi et al., 1995;
Suvarna and Start, 1995; Huston et al., 1996; Dada
and Ansari, 1997; Aranda et al., 1998; El-Reshaid et
al., 2005; Hando et al., 2005).

The first type uses a device such as a Tru-Cut
needle. The advantage of doing this operation post-
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Introduction

Irrespective of the suspected cause of death, dissec-
tion of the internal organs should be undertakenin a
systematic and thorough manner. The temptation to
begin with the organ system containing the sus-
pected cause of death is best avoided. There are
perhaps as many methods of dissecting the internal
organs as there are pathologists performing autop-
sies. What is important, therefore, is not for every
pathologist to undertake the dissection in an identi-
cal manner, but rather that each pathologist
discovers the approach which works best and sticks
to it. While on occasion the pathologist’s normal
routine will need to be modified because of the dis-
eases present, dissection of the internal organs can
generally proceed in the same order in every case.
With the adoption of a systematic approach, the
pathologist can be confident that the same level of
vigilance will be maintained throughout the autopsy.

Some pathologists choose to begin their dissec-
tion with the heart, as this is the most common site
of the cause of death. This may have the advantage of
soothing the pathologist’s nerves once a cause has
been found, but there is a risk that, having found one
possible cause of death, the true cause of death will
be overlooked. The authors’ approach is to begin
with the retroperitoneal structures, before examin-
ing the pelvic organs and then the spleen, pancreas,
upper gastrointestinal tract and liver. The lungs,
neck structures and heart are then dissected before
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finally examining the brain. This approach is
described here.

The collection of swabs for culture is described in
detail in Chapter 16 and toxicology is described in
Chapter 15. It is worth noting that consideration
should be given to the collection of such samples at an
early stage if they have not already been collected prior
to evisceration, and before water is allowed to redis-
tribute organisms. Thisisimportant when considering
sampling for diatoms, algae or bacteria in relation to
drowning cases as these samples must be taken prior
to organ evisceration and must not come in contact
with other water sources (Lucci and Cirnelli, 2007;
Kakizaki et al., 2008). Outside specific causes of death
at all stages of the dissection, cold running water
should be played on the tissues and these should be
dabbed dry with a sponge to allow clear visualisation.
In the past, there have been concerns that allowing the
tissues to come into contact with water would impair
subsequent histological assessment, but it has been
established that this is not the case (Cotton and
Stephenson, 1988). Further, it can be argued that the
value of the macroscopic autopsy examination is
severely limited if tissues are obscured by blood and
other body fluids (Knight, 1996).

The retroperitoneum

The retroperitoneum is a common and convenient
starting point for the systematic dissection of the
organ pluck. The entire pluck (or the abdominal and



Figure 11.1 Adrenal glands dissected from perinephric fat.

pelvic pluck if the organs have been removed in two
blocks) is placed on a well-lit dissection board, at a
comfortable height, with the dorsal surface upper-
most. The subsequent dissection is facilitated if the
diaphragm is dissected free bilaterally at this point.
This can then be laid out in a tray for demonstration
ifabnormal, or discarded for later return to the body.
The adrenal glands are exposed and examined
(Fig. 11.1). In obese individuals, the adrenals are
often difficult to locate and the best approach is to
attempt to remove the surrounding fat with blunt
dissection, either with fingers or by opening blunt-
ended scissors within the fat using the outside edges
of the blades rather than cutting with them.
Although Shimuzi et al. (1997) described a method
to assist with their location, the present authors find
that blunt dissection to the anatomical area where
the glands should be located will reveal their loca-
tion. The adrenals are then trimmed of fat, weighed
and sliced. Representative slices of the glands may be
laid out for subsequent demonstration and retained
for histopathological examination. The cut surfaces
of the adrenal glands should be examined for the
presence of haemorrhage, cortical atrophy, cortical
hyperplasia, cortical and medullary
tumours. Incidental tumours of the adrenal cortex
(mostly inactive cortical adenomas) are found in
approximately 2-3 per cent of autopsies (Barzon et
al., 2003). Because malignant neoplasms (typically
lung cancers) metastasise to the adrenal glands, any
tumours identified should be sampled for histology.

tumours

The retroperitoneum

A small transverse incision is made into the pos-
terior aspect of the aorta (Fig. 11.2a), which can then
be opened along its length with a pair of blunt-ended
scissors. In this way, the aorta can be opened down
to the cut ends of the common iliac arteries and up
as far as the third part of the arch before it curves
deeply towards the anterior of the chest (Fig. 11.2b).
The patency of the ostia of the main branches, such
as the coeliac axis, superior and inferior mesenteric
arteries and renal arteries, can then be assessed
using a probe (Fig. 11.2¢) before opening the renal
arteries out to the renal pelves. At this stage it is pos-
sible to dissect the aorta off the pluck, sacrificing the
mesenteric branches but leaving it in continuity with
the aortic arch and kidneys. The presence or absence
of para-aortic lymphadenopathy is noted. Indeed, if
there is no specific reason to keep these structures
attached, itis acceptable to sever the aorta at the level
of the third part of the arch, divide the renal arteries
and place the aorta in a tray for later demonstration.
Alternatively, the pathologist may choose to leave
the aorta in situ at this stage, allowing the subse-
quent and demonstration of the
retroperitoneal tissues en bloc.

The inferior vena cava is a thin-walled structure
that ascends the retroperitoneum to the right of the
aorta. It can be opened along its posterior aspect,
taking care not to damage the right renal artery, and
followed up to the liver and down to the leg branches
(Fig. 11.2d). The renal veins should be opened. This is
of special importance where renal tumours are sus-
pected. Indeed, the kidneys should not be dissected
off until the inferior vena cava has been opened, since
the tumour may extend directly into it.

The remaining perinephric fat can be cleared
with blunt dissection, exposing the kidneys. The
ureters are best located with the fingers; fortunately
the ureters tend to be the toughest structure in this
region and blunt dissection usually leaves them
intact. They can be freed down to the bladder and
left in continuity with it. Manual compression of the
bladder at this point may demonstrate outflow
obstruction, particularly in the male, and sometimes
reflux can be observed in either sex. The bladder
(and prostate in males) can be dissected free of the
pelvic block and opened. If they appear dilated or

removal
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Figure 11.2 (a) Opening the posterior aspect of the aorta. (b) The aorta opened along its length. (c) Testing the patency of

the ostia with a probe. (d) The vena cava opened.

otherwise abnormal, the ureters can be opened
down to the bladder at one end and into the renal
pelvis at the other by inserting scissors into the renal
pelvis and cutting downwards towards the bladder.
The kidneys are usually opened by one clean cut
extending along the long axis of the kidney, starting
at the anti-ureteric surface and leaving the two
halves connected by a small rim of tissue on the
renal pelvic aspect (Fig. 11.3a). Regardless of whether
it is first separated from the vascular and ureteric
attachments, or left in situ for later demonstration of
the intact retroperitoneal block, the safest way to
open a kidney is to lay it on the dissection board and
hold it in place with a large sponge. The kidney can
then be cut using a long thin-bladed knife. The
number of cut sponges in the average busy autopsy

room is mute testimony to the wisdom of this
method. The cut renal capsule can be peeled back,
noting the ease with which this can be done, allow-
ing the external aspect of the kidney to be examined
(Fig. 11.3b). The kidneys can then be removed from
the ureters, weighed and laid out for subsequent
demonstration. Traditionally, the ureter on the left is
cut longer than on the right, facilitating differentia-
tion between the two kidneys later. Alternatively, the
kidneys may be left in situ to allow demonstration of
the intact retroperitoneal block (see below). They
should be removed from the ureters and weighed at
the end of the demonstration.

The bladder can be opened from trigone to
fundus using a pair of blunt-ended scissors inserted
into the urethral channel. The tip of the scissors is
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Figure 11.3 (a) Sliced kidney. (b) Capsule being stripped
from the kidney.

inserted into the urethra and angled anteriorly. A
linear vertical cut is used to open the bladder. Alter-
natively, if pathology is suspected on the anterior
wall, a curvilinear incision is made around the lat-
eral and superior borders of the bladder. The bladder
mucosa can be inspected for trabeculation and the
presence of tumours. Erythema of the trigone is a
common feature in the catheterised bladder. The
patency of the ureteric orifices can be assessed using
a probe. It is often difficult to locate the ureteric ori-
fice, particularly in tumorous and trabeculated
bladders; in such cases it is much easier to insert the
probe into the ureter and pass it into the bladder. In
males, transverse slices should be made into the
prostate. ‘Ball valve’ obstruction of the urethra by a
hypertrophied median lobe is a common cause of

Figure 11.4 Testis being sliced.

bladder outflow obstruction and commonly corre-
lates with the degree of trabeculation. In cases of
prostatic carcinoma there may be direct extension of
the tumour into the bladder and/or seminal vesicles
and this should be documented before the bladder is
removed. As in the surgical pathology cut-up room,
it is difficult at autopsy to detect the presence of car-
cinoma of the prostate with the naked eye, but the
autopsy is a valuable tool for determining the extent
of spread of the disease (Ono et al., 2002).

In males, the testes should be removed and exam-
ined as described in Chapter 10. The testes can then
be opened with a single clean cut extending along
the long axis and aimed towards the epididymis
using a PM40 blade (Fig. 11.4). Although frequently
omitted from the autopsy examination, the testes
may harbour significant pathology such as semi-
noma or teratoma and can be the site of bruising
which may be overt in nature or due to, for example,
squeezing of the testicles as a form of institutional
bullying. The pathologist who does not examine the
testes at autopsy but states in the report that they
were normal will appear foolish if it later transpires
that one or both of the testes were prosthetic!

The female reproductive organs are conveniently
examined at this point. Dissection of the intact female
and male genitourinary tracts is discussed in detail in
Chapter 10. Anatomical anomalies can be demon-
strated and documented. The presence of serosal
fibroids (leiomyomas) and possible endometriosis can
be sought. The condition of the ovaries is noted and
the patency of the fallopian tubes can be assessed. The
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uterus should be opened with a longitudinal cut
allowing the endometrium and myometrium to be
examined. The cervix should be examined. Samples
of anylesions noted can be taken for histopathological
assessment. In women of child-bearing age, histologi-
cal sampling can be useful to prove the absence of
pregnancy. Measurements of uteri distorted by
fibroids are difficult and, as in surgical pathology, the
overall weight is the least misleading index.

Finally, while dealing with the pelvic structures,
the rectum should be opened and its mucosa exam-
ined. Some pathologists (and anatomical pathology
technologists) leave the rectum in situ when eviscer-
ating the pelvis but this is not recommended. The
rectum is the most common location of large intesti-
nal malignancies. Examination of the rectal stump
may also reveal the presence of colitis, solitary rectal
ulcers, polyps or blood.

En-bloc retroperitoneal dissection

In cases of suspected genitourinary tract pathology,
the pathologist may wish to demonstrate the retro-

Figure 11.5 En-bloc retroperitoneal dissection
demonstrated.

peritoneal structures in anatomical continuity. The
technique takes some practice and care but is valua-
ble when demonstrating findings in the
genitourinary tract to interested parties An en-bloc
dissection is achieved by undertaking the dissection
described above but leaving the organs in situ. The
aorta is then divided at the level of the third part of
the arch and dissected free to the level of the renal
arteries, sacrificing the mesenteric arteries. The
inferior vena cava is divided at the level of the hepatic
veins and dissected free of the liver bed. The entire
retroperitoneal block can now be dissected free of
the underlying tissue and laid out for demonstration
(Fig. 11.5). The block includes the kidneys (attached
to the opened aorta and inferior vena cava), ureters,
bladder, and the prostate or female genital tract. The
specimen should be trimmed of superfluous fat
before demonstration.

The gastrointestinal tract

Once the retroperitoneal and pelvic tissues have
been examined, attention can be turned to the gas-
trointestinal tract. Normal situs is confirmed and
the various sites in which pus can accumulate and
become walled off should be examined (subphrenic
space, paracolic gutters). Adhesions of organs result-
ing from old or recent peritonitis, fistulae and
perforations can be sought. The organ block is then
positioned on the dissection bench with the poste-
rior aspect uppermost.

If the organs were eviscerated in one block (Let-
ulle technique), the oesophagus must first be
dissected free. In cases where there is no suspicion of
portal hypertension, the oesophagus is first opened
along its posterior aspect down to the level of the
diaphragm (Fig. 11.6a). It can then be divided from
the pharynx and dissected from the posterior aspect
of the trachea (Fig. 11.6b). If oesophageal varices are
suspected, the oesophagus should not be opened,
and is dissected free of the trachea intact and in con-
tinuity with the stomach prior to eversion.

The eversion technique is used to demonstrate
the presence of oesophageal varices, since the thin-
walled vessels tend to collapse if the oesophagus is
opened without eversion and then become very dif-



ficult to identify. This procedure should be
performed whenever there is a possibility of chronic
liver disease and/or portal hypertension, and cer-
tainly when cirrhosis of the liver has been discovered
during the preliminary evisceration.

The organs are removed so that the oesophagus and
stomach remain in continuity. With the posterior sur-
face of the organ block facing upwards, the oesophagus
is first ligated and then dissected from the back of the
trachea by dividing it below the larynx and holding the
upper end with forceps. The diaphragmatic attach-
ments are divided and the stomach mobilised. A
transverse incision is made in the stomach about 10cm
below the gastro-oesophageal junction and the stom-
ach contents are emptied. The upper end of the
oesophagus is tied with string and a pair of clampable
forceps (such as Spencer Wells) are passed up inside
the oesophagus to grasp the tied end (Fig. 11.7a and b).
The forceps are withdrawn and the oesophagus is
everted (Fig. 11.7c) with the varices, if present, clearly
visible on the mucosal surface (Fig. 11.7d).

Dissection of the remainder of the upper gastro-
intestinal tract is simplified if the omental fat is first
dissected free from the greater curve of the stomach.
The spleen and pancreas can then be examined,
along with the portal venous system if needed.

Holding the spleen in one’s non-dominant hand,
the attachments between the spleen and the greater
curve of the stomach are divided with scissors. The
stomach falls away, exposing the anterior surface of
the pancreas and the lesser sac. The portal venous
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(b)
Figure 11.6 (a) Oesophagus opened. (b) Oesophagus dissected free.

system can be opened at this point by first opening
the splenic vein, which runs from the splenic hilum
along the superior border of the pancreas into the
portal vein, which is then opened. The spleen can be
dissected free at this point having first identified and
examined the splenic vessels. The presence of acces-
sory spleens (splenunculi) can be ascertained. The
spleen should be weighed and the condition of the
splenic capsule noted before slicing the organ at no
greater than 10mm intervals (Fig. 11.8). If focal
pathology is not identified, a single representative
slice can be set aside for demonstration and a small
sample is taken for histopathological assessment. In
infective cases, the surface of the unopened spleen
should be seared with a hot scalpel blade, palette
knife or broad-bladed soldering iron to sterilise the
capsule. Swabs can be plunged through this area to
collect specimens for microbiological culture. Some
pathologists prefer to examine the spleen by making
a single slice through its longest axis. In our view,
this is suboptimal and will miss small focal pathol-
ogy (such as tumours or areas of infarction).

The oesophageal dissection can now be contin-
ued through the crura of the diaphragm and along
the edge of the stomach. Before opening the stom-
ach, consideration should be given to the collection
of gastric contents for toxicological analysis (dis-
cussed in Chapter 15). There is little to choose
between opening the stomach along the greater or
the lesser curve, but the pathologist should have a
routine preference, since it is easier to be certain of
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(c)
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Figure 11.7 (a) The proximal oesophagus is tied with string. (b) Forceps are inserted into the oesophagus to grasp the
string. (c) The forceps are withdrawn. (d) The oesophagus is everted.

the anatomy of the organ after the dissection if one
always chooses the same approach. Even in cases
where toxicological analysis is not required, the con-
tents of the stomach should be collected and
examined rather than allowing them to spill over the
rest of the dissection or directly into the sink. Many
people find this the most emetic part of the whole
autopsy and, in their anxiety to get it over with, dis-
card the stomach contents without looking at them.
This is always a mistake. The volume and state of
digestion of the food, the presence of tablet residues
or blood and, in the elderly and demented, the pres-
ence of a wide variety of objects can prove
informative. After removal of the contents, the
mucosa of the stomach can be carefully washed and
the presence of erosions, ulcers, perforations, gastri-
tis and tumours can be ascertained (Fig. 11.9a).

An alternative method of examining gastric

Figure 11.8 Sliced spleen.

mucosa is to invert the stomach. This has the advan-
tage, when demonstrating the organs to clinicians,
ofleaving the stomach looking stomach-shaped. The
oeseophagus is left unopened and is dissected free of
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Figure 11.9 (a) Inspection of the gastric mucosa.
(b) Inspection of the everted gastric mucosa.

the trachea. The fat is removed from the greater and
lesser curves of the stomach and an incision is then
made into the greater curve at the gastric antrum
using scissors. The gastric contents are collected
with the help of a ladle and jug as described above.
Long-toothed forceps are then inserted into the
stomach via the antral incision and passed upwards
into the proximal portion of the oesophagus. While
gripping the inner portion of the proximal oesopha-
gus, the forceps are then retracted, inverting both
stomach and oesophagus. The mucosa can now be
washed and inspected (Fig. 11.9b).

The incision used to open the stomach should
now be continued through the pylorus and along the
whole length of the residual duodenum, keeping the
cut anterior so as to preserve the ampulla intact and
to avoid damage to the pancreas. The patency of the
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Figure 11.10 (a) Patency of the common bile duct.
(b) Gallbladder opened.

bile duct can be demonstrated by squeezing the gall-
bladder (Fig. 11.10a), and this also helps to locate
the ampulla of Vater, which is not always obvious.
The common bile duct can then be opened back to
the liver (a probe inserted into the ampulla of Vater
may be useful in guiding the dissection) using artery
scissors and the cystic duct can be found from this
end or by opening the gallbladder and following the
duct out (Fig. 11.10b). Gallstones can be evaluated at
this stage; the type can be noted and a few should be
cut across to confirm this. The collection of bile for
toxicology is discussed in Chapter 15.

The pancreatic duct can also be identified and
opened along the length of the pancreas, and sam-
ples can be taken for histology. Alternatively, some
pathologists prefer to slice the pancreas from tail to
the head at intervals of no greater than 10 mm. As a
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minimum, the pancreas should be sliced longitudi-
nally from the head to the tail using a PM40 blade.
Large tumours of the pancreas, and pancreatitis, will
be apparent if present. Neuro-endocrine tumours of
the pancreas are typically small and wide histologi-
cal sampling is generally required for their detection.
The gallbladder and extrahepatic biliary tree are
now dissected free from the liver, effectively separat-
ing the upper gastrointestinal tract from the liver
and thoracic organs. These organs can be laid out in
a tray for later demonstration.

At this point, consideration should be given to
examination of the remainder of the intestines.
Many pathologists do not routinely open these
structures, finding the procedure unpleasant and
unrewarding, and prefer to rely solely on an assess-
ment of the serosal surfaces of these organs. This is
not recommended, as mucosal lesions will be
missed. In drug-related deaths, packages of drugs or
failed wrappings may be found throughout the small
and large intestine. The intestines should be opened
in a sink under water (to minimise the risk of aerosol
formation) along their anti-mesenteric border to
prevent the aerosol transmission of infectious
agents. This can be easily achieved using a pair of
bowel scissors, and the procedure is facilitated if the
mesenteries were divided as close to the bowel wall
as possible during the evisceration. The mucosa is
washed clean and inspected for the presence of
inflammation, ulcers, diverticula and tumours. The
presence or absence of the appendix is recorded.

The liver is examined in situ for ‘cough grooves’
(which can be correlated with the corresponding
hypertrophic muscle bands in the diaphragm),
tumour deposits, vascular lesions, and signs of
trauma and developmental delay. If there are no spe-
cific contraindications, the liver can be freed of its
‘ligamentous’ and diaphragmatic attachments. The
inferior vena cava is divided by sliding the blunt
edge of a sharp long-bladed knife under the liver to
the level of the diaphragm, and then rotating the
knife to free the liver with the sharp edge. The liver
should be weighed at this stage and then cut in serial
slices at intervals of no greater than 10mm as it lies
on the dissection board with its posterior surface
downwards (Fig. 11.11). Some pathologists prefer to

Figure 11.11 Sliced liver.

refrain from completing the cuts, thus leaving the
organ with the structure of a book which allows the
extent of large lesions such as tumours to be demon-
strated. Alternatively, and especially where no
lesions or only diffuse lesions are found, a single rep-
resentative slice may be retained from each lobe for
demonstration, samples taken for histopathological
evaluation, and the rest discarded following careful
assessment.

In some cases, such as bile duct problems or
tumours of the head of the pancreas, it may be more
helpful to the clinicians (and for photography) to
keep the relevant organs in continuity while par-
tially dissecting tissues to reveal the pathological
and anatomical details.

In cases where the deceased underwent abdomi-
nal surgery, the dissection can be significantly
hampered by the presence of recent or old adhesions
and carcinomatosis peritonei. In addition, specific
attention must be given to the presence of peritoni-
tis, cutaneous perforations, enterostomies and
colostomies. In such cases the organs should be evis-
cerated in one block (Letulle technique), leaving the
large and small bowel mass attached. Ileostomies
and colostomies are dissected free and clamps can
be attached to facilitate identification during the dis-
section. Dissection of the retroperitoneal tissues and
upper gastrointestinal tract can then be undertaken
as described above. Removal of these organs leaves
the matted bowel, which is first examined for signs
of perforation. The extent of further examination of
the bowel is dependent on the nature of the intra-



abdominal pathology. The bowel may be opened
under water or, in the case of dense fibrous adhe-
sions, may be examined by making multiple slices in
the coronal plane (Culora and Roche, 1996).

In cases where the deceased had undergone a liver
transplant, the vascular and biliary anastamoses
should be examined in detail for patency and leaks.
The portal venous system is opened as described
above, and the hepatic artery traced back from the
porta hepatis. The presence or absence of a gall-
bladder is noted and the common bile duct is opened
and traced to its insertion into the small intestine.
The cut surface of the liver is examined carefully and
widely sampled for the histological assessment of
rejection. In patients dying after intraportal hepato-
cyte transplantation, the portal venous system
should be opened to exclude portal vein thrombosis
(Baccarani et al., 2005).

The heart and major vessels
Demonstration of a cardiac air embolus

As with the demonstration of a pneumothorax, one
must always consider a cardiac air embolus prior to
opening the body, especially if there is a history of
either trauma or a therapeutic procedure where air may
have entered the venous or arterial system. Venous air
embolism may occur with open systems of intravenous
infusion, during parturition or abortion, during opera-
tions to the head and neck if the head is above the level
of the heart, and during orogenital sex in a pregnant
woman. A volume of 100-250mL of air is estimated to
be required to cause death from venous air embolus
although greater or smaller amounts can occur. Again,
as before, radiological imaging should be performed
prior to the examination. Plain x-ray may reveal an
over-distended heart and great vessels due to the
abnormal presence of air (Fig. 11.12a and b). This
examination has been superseded by the use of multi-
slice computerised tomography, although caution must
be expressed with the over-interpretation of air within
the heartand great vessels when using this technique as
this may be a pure post-mortem artefact owing to the
rapid production of intravascular air due to
decomposition.

The heart and major vessels

(b)

Figure 11.12 (a) Ante-mortem chest x-ray. (b) Post-
mortem chest x-ray showing a cardiac air embolus.

Two methods have been described for the exami-
nation of the heart for the presence of an air embolus
(Knight, 1983; Di Maio and Di Maio, 1989).

® Method 1. The chest cavity is opened as normal
with great care being taken not to open the
pericardial sac or cause any damage to the
vessels entering and exiting the heart; this
includes the vessels going to and from the arms
and neck. To ensure that this happens, the heart
can be examined via a window cut into the
sternum. If the sternum is opened, the internal
mammary vessels should be identified and
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clamped or ligated. The pericardial sac is
opened and the epicardial veins examined for
air bubbles. The coronary arteries are too thick
to allow air bubbles to be observed at this stage.
The pericardial sac is held open by an assistant
and filled with water. As for a pneumothorax, a
water-filled syringe and needle with the plunger
removed can be advanced into the right
ventricle, observing for air bubbles. Alternatively,
an incision can be made, under water, into the
right ventricle, again observing for bubbles.

® Method 2. The second method starts with the
opening of the pericardial sac but then each of
the great vessels entering and exiting the heart
are clamped. An incision or needle and syringe
procedure can be performed as before. When
the right ventricle is opened, not only does one
observe a stream of bubbles but also the
ventricle is filled with frothy blood.

©

Pericardium

To examine the heart, the thoracic organ block is posi-
tioned on the dissection board with its anterior aspect
uppermost. The pericardium is first incised by lifting
it up free from the anterior cardiac wall and making a
transverse cut near the base. This cut is then followed
by a median inferior-to-superior cut forming an
inverted T-shaped incision (Fig. 11.13a). Fluid in the
pericardial sac can be sampled for microbiology or
extracted and its volume measured in the case of effu-
sions or haemopericardium. In subjects who have
been actively resuscitated there may be a blood-
stained effusion due to attempted pericardiocentesis
or due to intracardiac injections which should be, but
are not always, recorded in the notes. Active resuscita-
tion can also rupture small epicardial vessels and
these are often very difficult to demonstrate.

In some cases the heart is focally or diffusely adher-
ent to the pericardium. Focal attachments are often

©)

Figure 11.13 (a) The pericardial sac is opened. (b) The aortic and pulmonary arteries are identified. (c) While supported
these structures are cut across using scissors. (d) The interior of the pulmonary artery is examined for thromboembolus.



due to infarction and are fibrinous in recent infarcts
and fibrous in old ones. The extent and nature of the
adhesions should be noted for subsequent correlation
with the distribution of the infarct. Generalised adhe-
sions can also be fibrinous in the early stages of
pericarditis and fibrous in the late stages. The pericar-
ditis can be due to primary inflammation or
inflammation secondary to surgery or infarction.
Dense fibrous pericardial adhesions are common in
patients who have undergone a coronary artery bypass
graft. Fibrous adhesion of the pericardium to the heart
can be difficult or impossible to separate and one may
have to dissect the heart with the pericardium
attached. In any case, an attempt to remove the peri-
cardium using blunt dissection should be employed
and actual cutting is reserved for situations that have
defeated the blunt approach. Post-surgical cases in
which there has been coronary artery bypass surgery
require special documentation and should be per-
formed with the surgeons present wherever possible.

The heart may then be removed from the pericar-
dial cavity. The aorta and pulmonary arterial trunk
are identified and two fingers passed behind them;
with the fingers slightly separated (to avoid cutting
the glove rubber) the vessels can be cut (Fig. 11.13b
and ¢). The lumen of the pulmonary arterial trunk
should be checked for thromboembolus (Fig. 11.13d)
since a large ‘saddle embolus’ lodged at the bifurca-
tion of this trunk may be the cause of sudden death
and is easily lost during later dissection. The tempta-
tion to probe the proximal pulmonary artery should
be resisted; damage to the pulmonary valve may
occur preventing subsequent assessment of pulmo-
nary stenosis and regurgitation. Finally, the
pulmonary veins and venae cavae are divided and
the heartlifted clear of the pericardial cavity. In gen-
eral it is desirable to remove the heart with a short
cuff of the aorta, but a longer cuff of the superior
vena cava should be removed to prevent damage to
the sino-atrial node.

Coronary arteries

If coronary artery angiography is not to be per-
formed then the dissection of the heart should follow
the direction of blood flow around the heart in gen-
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eral terms. The main difference of opinion is whether
or not the coronary arteries should be dissected first.
In favour of dissecting the coronary arteries first is
the fact that they are not damaged by any other pro-
cedure. The limitation is that they are harder to locate
in the unopened heart and more difficult to relate to
areas of ischaemia. In either case, the location of the
ostia of the coronary arteries is first confirmed. Nor-
mally, one orifice is present in each of the two
forward-facing aortic sinuses (right and left). In cases
where both ostia arise in one aortic sinus, the pulmo-
nary artery should be dissected free of the aortic root
to determine the path of the anomalous coronary
artery. If the anomalous coronary artery passes
between the pulmonary artery and aortic trunk there
is a risk of sudden death on exercise (Davies, 1999).
The proximal portions are probed to check their pat-
ency. Following this, they are traditionally examined
by transverse cuts at 1-2 mm intervals (and certainly
no greater than 5mm) (Fig. 11.14a). Coronary artery
atheroma is a focal or multi-focal disease. Over-
spacing of the cuts in the coronary arteries may miss
a fatal stenosis or occlusion. Under no circumstances
should the coronary arteries be opened longitudi-
nally as this makes it impossible to determine the
severity of atheromatous stenoses. The presence of
thrombus and atheroma within the epicardial vessels
is recorded. The point at which stenosis of the
coronary arteries becomes clinically significant is
contentious, but the finding of a 70-75 per cent sten-
osis (lumen diameter less than 1mm) has a high
probability of being the cause of death when no other
cause is found macroscopically (Davies, 1999).
Heavily calcified coronary arteries are frequently
encountered in elderly subjects. These may be very
difficult to cut. The temptation to support the vessel
from behind with a finger inserted through the valve
may be strong but is extremely dangerous and should
be resisted. Even when the heart is opened it is often
impossible to cut heavily calcified vessels with a
scalpel. Scissors may be used, but the value of this is
in itself doubtful since the shearing action of the
scissors inevitably causes compression and even
obliteration of a tiny lumen. In such cases, consider-
ation should be given to coronary artery angiography
but this is generally unrealistic in routine practice in
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Figure 11.14 (a) The left anterior descending coronary artery is sliced at small intervals. (b) The right atrium is opened by a cut
extending from the superior vena cava to the right atrial appendage. (c) The opened right atrium. (d) The right side of the heart
is opened with a lateral incision made with a PM40 blade. (e) Tricuspid valve. (f) The opened right ventricular outflow tract.

most mortuaries. Alternatively, the intact coronary
arteries can be dissected free of the heart, fixed,
decalcified, and sliced when soft.

Cardiac chambers and valves

Whether the coronary supply is dissected before or
after opening the heart, the actual opening of the
heart can be achieved by a variety of techniques.

Prior to any incision of the heart it is possible to
assess the valves semi-quantitatively. The integrity
of the mitral and tricuspid valves can be determined
by filling the heart with water via the atria, clamping
the aorta and pulmonary valves, and gently squeez-
ing the ventricles. Competent valves should prevent
retrograde flow of water into the atria. Similarly, the
aortic and pulmonary valves can be assessed by



attempting to pour water into the heart via the aorta
and pulmonary artery. Valvular stenoses can be
assessed at this stage by inserting a graduated coni-
cal measure into the valves. This is also an important
time to look at the valves for the presence of congeni-
tal abnormalities and vegetations, since the evidence
for these may be lost when the valves are cut.

Zeien and Klatt (1990) provide a description of
the examination of cardiac valve prostheses at
autopsy. The following is adapted from this classic
text; an x-ray examination to include the great ves-
sels and the aorta should be considered in cases of
sudden mechanical failure in an attempt to identify
breakage and embolisation of valve components. Ifa
radiological examination is not possible, then palpa-
tion of the vessels in situ should be undertaken. The
heart is dissected carefully to allow for inspection of
the prosthesis and annulus in the consideration of
dehiscence and paravalvular leakage. A discontinu-
ous ring of endothelialisation should lead to the
consideration of a leak. Careful exploration with a
probe should determine the site of leakage. The
prosthesis is identified by its generic configuration
and then, if possible, by its trade name. The integrity
of the valve is checked. The component parts are
determined to be present and functional. Abnormal
motion due to the presence of thrombus is examined
for. If present, the thrombus should be cultured and
examined microscopically. Misalignment and dis-
proportion are assessed by comparing the prosthesis
with the ventricular chamber size and surrounding
myocardium.

The general principle in dissection of the heart is
to follow the route of blood flow. The heart is posi-
tioned with its posterior aspect uppermost and the
apex of the heart away from the operator. The right
atrium is first opened by a cut extending from the
entry of the superior vena cava across to the right
atrial appendage (Fig. 11.14b and c). Even in pro-
longed atrial fibrillation it is unusual to find
thrombus in the right atrial appendage. The right
atrium and ventricle can now be opened by inserting
the tip of a PM40 blade through the tricuspid valve
into the apex of the right ventricle and making a lat-
eral incision from the apex to the atrium (Fig. 11.14d
and e). Turning the heart over, the anterior wall of
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the right ventricle is incised close to the anterior
aspect of the septum, continuing up through the
pulmonary valve into the pulmonary artery (Fig.
11.14e). The mirror image procedure is then followed
with the left atrium, left atrial appendage, mitral
valve, left ventricle close to the septum and up
through the aortic valve and aorta (Fig. 11.15a-e).

It is often found that the left anterior descending
coronary artery is not restricted to the anterior
aspect of the septum and is consequently severed
with the above technique. Some operators prefer to
open the left ventricle along its left lateral margin
and to open the aortic valve and aortic root directly,
leaving the anterior wall of the left ventricle attached
to the septum. Also, some operators find it easier to
perform the whole cardiac dissection with scissors,
while others prefer to make the ventricular incisions
and cut through the valves with a large-bladed knife.
There are variations on the method and it is possible
to open the right side of the heart posteriorly, close to
the septum, and the left side of the heart anteriorly,
close to the septum, enabling the whole preparation
to be laid flat and then viewed from either aspect.

The valve measurements can be confirmed at this
stage, the circumference being measured along the
valve ring. The nature of valvular lesions can also be
confirmed and documented. It is also appropriate to
weigh the heart, since it is empty of blood. The
weight of the heart should be compared with tables
of normal heart weights for height and body weight.
Some pathologists choose to measure the thickness
of the ventricles at the outflow tracts. This is a poor
indicator of hypertrophy as the thickness of the
myocardium will depend on whether the heart is
affected by rigor mortis or not. A better method is
that of Foulton et al. (1952), which involves dissect-
ing the left ventricle off in continuity with the
septum and comparing the weight with that of the
right ventricle. If the ventricles are freed of epicar-
dial fat and dissected along the valve rims, the
normal ratio is between 2.3:1 and 3.3:1. Right ven-
tricular hypertrophy is diagnosed if the right
ventricle weighs more than 80g and when right
hypertrophy occurs alone the ratio is always less
than 2:1. If biventricular hypertrophy occurs the
ratio may be normal. If the left ventricle plus septum
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weighs more than 225g, then left ventricular hyper-
trophy can be diagnosed. Ideally, Foulton’s technique
should be performed on the fixed heart as it is easier
to remove all of the epicardial fat. Where consent
cannot be obtained to retain the heart, the method
can be successfully applied to the fresh heart. Other
workers have found higher values for the isolated left
ventricle (McPhie, 1957; Bove et al., 1966), but Foul-
ton’s values are a reasonable approximation and the
ratios remain useful. As with the whole heart, the
left and right ventricular weights should be inter-
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Figure 11.15 (a) Viewing the mitral valve from the left
atrium. (b) The lateral border of the left ventricle is opened.
(c) Opened left atrium and ventricle. (d) The left ventricle
outflow tract is exposed by cutting up the anterior aspect
of the left ventricular wall close to the interventricular
septum. (e) Opened left ventricle outflow tract.

preted in the context of the weight and height of the
deceased (Hangartner et al., 1985).

The myocardium of the left and right ventricles
can now be sliced across at 5-10 mm intervals, leav-
ing thin connections to hold it together, and this
allows the extent and distribution of ischaemic and
fibrotic areas to be delineated (Fig. 11.16). Most
pathologists will slice the myocardium transversely,
parallel to the atrioventricular valve rings. Alterna-

tively, and especially where myocarditis is
suspected, the myocardium can be sliced
longitudinally.

Some pathologists favour the removal of two or
three slices from the apex of the heart, each 5-10mm
thick, before opening the remainder of the heart in
the direction of blood flow. This has the advantage
of presenting visiting clinicians (and examiners)
with an echocardiographic view of the ventricles.



Figure 11.16 The left ventricular myocardium is sliced to
look for abnormalities.

The most diseased sections of the coronary arteries
can be placed around one of these slices in bottle
caps, allowing coronary artery and myocardial dis-
ease to be easily related to each other (see below).

Examination of the conducting system of
the heart

To examine the cardiac conducting system, the
heart is fixed in a distended state after removing as
much contained blood as possible and then packing
with cotton wool. Care must be taken when remov-
ing the heart not to sever the superior vena cava too
close to its cardiac insertion, or the sino-atrial node
may be lost. The right atrium is then opened, allow-
ing access to the interior. The superior vena cava
(SVQ) is left intact. The auricular appendage of the
right atrium is identified and from this the crest
extends to abut on the superior vena cava; the sino-
atrial (SA) node is situated at this site (Fig. 11.17a)
and the first block is taken from here. The interior
of the right atrium has several landmarks (Fig.
11.17b); the key one is the coronary sinus. The atrio-
ventricular (AV) node is just anterior to the
coronary sinus and the bundle branches pass for-
wards at this point before dipping down into the
septal myocardium. Two blocks are taken for the
conducting system. The first is obtained by opening
the SVC and continuing the cut into the right atrial
muscle, taking the area where the auricular crest
abuts onto the SVC (Fig. 11.17c). Longitudinal sec-
tions are then taken from this block, usually about
five in number.

The heart and major vessels

The AV node can be sampled by taking the area
produced by a vertical cut anterior to the coronary
sinus traversing the tricuspid valve ring and into
ventricular muscle. A parallel cut is then made
through the supraventricular crest and again down
into ventricular muscle. The two incisions are joined
above and below by two horizontal incisions (Fig.
11.17¢c). This block is divided into two halves hori-
zontally, leaving the conducting system in the lower
block, and horizontal slices can be taken through
this. The upper block is sectioned vertically from
anterior to posterior (Fig. 11.17d) and this contains
the AV node and bundle branches.

Dissecting the heart after cardiac
surgery

The post-mortem examination of the heart in
patients dying after cardiac surgery has been dis-
cussed in detail by Lee and Gallagher (1998) and
requires several modifications of the techniques
described above. Briefly, it is of note that a detailed
history, including the findings at operation and
details of the operative procedure, should be
obtained before commencing. The presence of can-
nulae, pacing wires, drains and intra-aortic balloon
pumps are noted. On opening the thoracic cavity,
the presence and volume of any intrathoracic haem-
orrhage is recorded. The pericardium should be
examined, and the presence of surgical incisions
into it recorded. All coronary artery bypass grafts,
and the cannulation sites for cardiopulmonary
bypass grafts, should be identified, checking that the
suture lines are intact, before the heart is removed
from the body. When the heart has been removed,
any coronary artery bypass grafts should be exam-
ined, including a transverse cut across the distal
anastamoses. The native coronary arteries, the car-
diac chambers and valves are examined as described
above. In cases of valve replacement, special atten-
tion should be paid to the presence or absence of
thrombosis, vegetations, perforations, perivalvular
leaks, abscesses, and structural deterioration. Sec-
tions of myocardium are taken for histopathological
evaluation from any area of suspected myocardial
infarction and the myocardium distal to any bypass
graft anastamosis (Lee and Gallagher, 1998).
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Figure 11.17 (a) Diagram showing the location and sampling of the sino-atrial (SA) node. (b) Internal anatomy of the right
atrium with the foramen ovale (FO), the coronary sinus (CS), the supraventricular crest (SVC) and the right ventricular
outflow tract (RVO). (c) Internal anatomy of the right atrium showing the conducting system with the area to be sampled
(dashed lines). (d) The block indicated in (c) has been removed and is viewed in the same plane as in (c) and from the left.
The vertical lines show the position of the blocks taken for histology.

Demonstrating the cardiac dissection

Having dissected the heart in the direction of blood
flow and sliced the myocardium, many pathologists
find it difficult to orientate the organ during the
subsequent demonstration of pathological findings
to students or colleagues. Abnormalities in the coro-
nary arteries may be difficult to relocate once the
heart has been opened. A suture placed under the
affected portion of the artery is useful in this respect;
alternatively, the section of interest can be dissected
free of the heart and placed onto a tray for demon-
stration and later histopathological assessment.

Abnormalities in the cardiac chambers, myocar-
dium and valves are demonstrated with the heart held
with the posterior aspect uppermost (Fig. 11.18a). The
upper flap of tissue is reflected, exposing the right
atrium, tricuspid valve and right ventricle (Fig. 11.18b).
Replacing this flap of tissue and opening the heart
from the other side exposes the right ventricular out-
flow tract and pulmonary valve (Fig. 11.18¢c).
Transferring the heart to the other hand so that the
anterior surface is uppermost (Fig. 11.18d), and repeat-
ing the procedure, exposes first the left atrium, mitral
valve and left ventricle , and then the left ventricular
outflow tract and aortic valve (Fig. 11.18e and f).
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The respiratory tract

Figure 11.18 (a) Demonstrating the cardiac chambers and valves. The heart is held with the posterior surface uppermost.
(b) The right atrium, tricuspid valve and right ventricle are exposed. (c) Right ventricular outflow tract and pulmonary
valve. (d) The heart has been turned over into the other hand. (e) The left atrium, mitral valve and left ventricle are

exposed. (f) Left ventricular outflow tract and aortic valve.

The respiratory tract
The upper respiratory tract

To examine the respiratory tract, the block of tissues
containing the tongue, larynx, trachea and lungs is
placed on the dissection board with the posterior sur-
face uppermost. The tongue is first sliced transversely
from base to tip, looking for abnormalities including

tumours, fibrosis, bruising or the congestion that fol-
lows strangulation. The tongue may have been bitten
in individuals dying during or after an epileptic sei-
zure. Alternatively the tongue is cut longitudinally.
This method is preferred by the authors as it demon-
strates anterior and posterior, right- and left-sided
pathology with the use of a single incision.

The epiglottis is visible at this stage and can be
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examined to exclude epiglottitis. Lateral cuts are
made along the hyoid bone and thyroid cartilage,
and these are inspected before opening the larynx.
The trachea can now be opened through the poste-
rior membranous portion (Fig. 11.19) and the main
bronchi pursued down to their entry into the lungs;
this is the most common site for primary lung
tumours, and foreign bodies have a predilection for
the right main bronchus which slopes more rapidly
downwards than the left.

At this stage, the pluck is turned over and the rest
of the dissection proceeds from the anterior aspect.

The strap muscles of the neck may not be of inter-
est in the routine autopsy, but have considerable
forensic interest from the point of view of pressure
applied to the neck. It is easy to confuse the bruising
that can occur during intubation, epileptic seizures
and cannulation of the central veins, but the history
should help to clarify this. Dissection of the strap
muscles is described in detail in Chapter 10. In the
routine autopsy, the thyroid is best revealed by dis-
secting the strap muscles upwards from their inferior
attachments en bloc. The thyroid has a relatively
fixed site, but extreme variations can occur, includ-
ing retrosternal. The parathyroids are more variable
in position and commonly difficult to locate in the
cadaver. The general principle supported by most
pathologists is that if they are diseased you will be
able to find them and if you cannot find them then
they are most probably normal. Parathyroid glands
can be distinguished from small lymph nodes by dis-
secting them free of any surrounding fat and placing

Figure 11.19 The trachea is opened posteriorly.

them in water; parathyroid glands will float (owing
to their high fat content) whereas lymph nodes will
sink. Often they may be found in a posterolateral
position and should be sought while removing the
oesophagus from the trachea; often they are missed
and discarded still attached to the oesophagus.

The thyroid is freed from the anterolateral aspect
of the trachea, weighed and sliced, noting the pres-
ence of any nodules. The extent of invasion of
thyroid cancers is significant. In such cases consid-
eration should be given to taking the neck block
intact, fixing it whole, and treating it in a similar way
to laryngectomy specimens.

The authors have seen at least one case in which a
trainee mistook a heavily calcified colloid nodular
goitre for a carcinoma of the thyroid. This error can
be avoided by dissecting the gland free of the trachea
(so demonstrating the absence of invasion) and by
remembering that colloid nodular goitres not
uncommonly undergo extensive calcification, espe-
cially in the elderly, whereas thyroid cancers do not.

The lungs

The lungs are best examined in situ, before their
evisceration, to determine whether they have normal
lobar isomerism and to see whether they overlap
anteriorly (a finding seen in patients with status
asthmaticus, chronic obstructive airways disease,
mechanical hyperinflation, and drowning). The
visceral and parietal surfaces of the pleura, includ-
ing the diaphragm, are examined for the presence of
plaques. The lungs can be removed from the medi-
astinum by cutting the bronchi and vascular
attachments as far from their entry to the lungs as
possible (Fig. 11.20a). This gives some lengths of
bronchi that can be cannulated for inflation and fix-
ation should that be necessary.

Lung inflation is a prerequisite for investigations
of pneumoconiosis, for any diffuse lung disease, and
for those conditions in which the preparation of
Gough-Wentworth slices are needed (Gibbs and
Attanoos, 2000). In cases of tuberculosis where per-
mission cannot be obtained to retain a whole lung,
inflation fixation of the lung should be avoided: the
technique will not kill the organism, will hamper
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microbiological investigation, and adds the hazard
of formaldehyde inhalation to the dissection. In
cases of suspected tuberculosis where the lung can
be retained, microbiological samples should be
taken prior to inflation and immersion fixation.

©)

Figure 11.20 (a) The lungs are removed by cutting the
bronchi and vessels as far from their entry to the lungs
as possible. (b) The pulmonary arteries of the lower and
middle lobe opened with blunt-ended scissors. (c) The
pulmonary arteries to the upper lobe are opened from the
hilum. (d) The bronchi are opened from the hilum. (e) The
lung is held with a sponge and sliced.

Attempts to inflate the lungs with fixative while still
in the thoracic cavity leave the anterior portions of
the lungs uninflated.

For inflation with formalin the lungs should be
separated at the mediastinum with as long a length
of bronchus as possible. It is, of course, feasible to
retain the lungs in continuity with the trachea and to
dissect this free of the rest of the chest structures. In
either case a cannula should be inserted into the
bronchus or trachea and fixed with a ligature. A tight
seal and relatively intact pleura are required for
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inflation. It is not necessary to clamp the bronchus.
The lung should then be placed in a container of
buffered 10% formalin or formol-saline and the can-
nula connected to a reservoir via a manometer or to
a container of fixative arranged above the lung so
that a positive head (30 cm) of pressure is directed
into the bronchi. With a pump system, the reservoir
of fixative can be recycled into the lungs, reducing
the total volume required, although no pressure is
applied to the lungs by the pump. The procedure is
carried out in a fume cupboard. Fixation should be
complete after 24-48 hours and the lungs can then
be washed and cut into 1-2 cm slices in a fume cup-
board using metal L-pieces like those used for brain
sectioning. In cases of suspected tuberculosis, the
lung should be fixed for at least 72 hours before
processing.

Care is taken not to dislodge any pulmonary
thromboemboli. The lungs are next examined for
the presence of congenital abnormalities, bullae,
scars, areas of consolidation and visible emphysema,
which should be recorded. Each lung is then weighed
in turn prior to any further dissection. Lungs should
always be weighed intact; a substantial volume of
blood and oedema fluid may be lost during their
subsequent dissection.

The lung is supported over a sponge, hilar side
down, which exposes the interlobular fissure. If a
knife is used to divide the visceral pleura directly
opposite the hilum, the first structure encountered
is the pulmonary artery. Care is needed to open the
right lung in the oblique, and not the transverse fis-
sure. This is opened and, without transecting the
vessel, the arterial branches to the lower lobe can be
opened with a pair of blunt-ended scissors. The
branches to the middle lobe of the right lung and lin-
gula of the left lung are opened in a similar fashion
(Fig. 11.20b). The lung is now turned over, hilum
upwards, and the arteries of the upper lobe, exclud-
ing the lingula on the left, are opened (Fig. 11.20c¢).
Care is taken while dissecting the pulmonary arter-
ies not to dislodge any pulmonary emboli. The risk
of this is less than expected; post-mortem clot is not
adherent, but pulmonary thromboemboli may be.

Having dissected the pulmonary arteries, the
bronchi to the lower lobes, middle lobe and lingula

are opened from the hilum. Finally, the upper lobe
bronchi are opened with care. At this point thereis a
risk of transecting the vessels but it is possible to
open the bronchi by going underneath the vessels if
the scissors are advanced at an angle (Fig. 11.20d).
With this technique, the airways and arteries of the
lungs can be opened in a manner that keeps both
intact (McCulloch and Rutty, 1998).

Having followed the various arteries and blood
vessels out to the periphery, the lungs can be held
down with a large sponge and a single cut in the
coronal plane can be made through each of the lobes
leaving the parenchyma attached at the hilum (Fig.
11.20e). This affords a good view of the extent and
distribution of any pathology such as tumours,
pneumonic consolidation, bronchiectasis, emphy-
sema, pneumoconiosis, interstitial lung disease, the
curious prominence of small bronchi in chronic
obstructive airways disease, and mucus plugging in
asthma.

Alternatively, the lungs may be examined, after
being separated from their mediastinal attachments
and weighed, by simply placing a single coronal slice
through each, without opening the airways and
arteries. This has the practical utility of speed and
the resulting dissection is easier to display to others.
If necessary it is still possible to revert to the more
detailed examination described above.

Once the lungs have been opened and sliced, the
parenchyma should be sampled for histology before
squeezing it to detect the presence of oedema or pus.

The cranial contents

The procedure for removing the brain is discussed in
Chapter 12 and does not differ between neurological
and general cases. Candidates sitting the membership
examination of the Royal College of Pathologists are
expected to be able to remove the skull cap and brain
once the scalp has been reflected and the skull incised
by an anatomical pathology technologist. Where the
brain is not thought to be the seat of problems requir-
ing the specialised attentions of a neuropathologist it
should be examined carefully externally, looking for
the flattened gyri of oedema, or the depressions of
infarcts or the grooves of bony projections in raised



intracranial pressure, and the distribution of bleeding
in various intracranial haemorrhages.

The superior sagittal sinus should be opened to
exclude thrombus (Fig. 11.21a and b). The dura is
stripped from the base of the skull and the inside of
the skull should be stressed by pulling on the front
and back to demonstrate basal fractures. The pitui-
tary and its fossa should also be examined. The brain
is then placed upside down on the dissecting board
and the arteries at the base of the brain examined
before removing the brainstem to examine the mid-
brain (Fig. 11.22a). The cerebellar hemispheres can
be removed and examined with a series of radial
slices. The cerebral hemispheres are sliced at
10-20 mm intervals looking for gross abnomalities.
The first cut is usually placed at the level of the

(o)

Figure 11.21 (a) The superior sagittal sinus is opened with
scissors. (b) The superior sagittal sinus is examined to
exclude thrombus.

Demonstration of the findings

mamillary bodies (Fig. 11.22b), with further cuts
placed anterior and posterior to this. Unexpected
findings at this stage should be evaluated for referral
to a neuropathologist. Removal and examination of
the spinal cord, middle ears, eyes and vertebral
arteries are described in Chapter 12.

Demonstration of the findings

At the end of the dissection the pathologist is left
with a series of carefully dissected organs that can be
displayed to students and colleagues. These will have
been laid out as the dissection proceeds and will
have a tendency to dry out with time. This can be
prevented by keeping the dissected organs covered
with a towel that has been dampened with water.

()

Figure 11.22 (a) The midbrain and cerebellum are
removed. (b) Slicing of the cerebral hemispheres is started
with a cut through the mamillary bodies.

157
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Small tissue samples such as slices of the adrenal
glands, parathyroid glands and slices of the coro-
nary arteries are best placed into inverted bottle caps
to prevent them sticking to the towel and being lost.
It is worth remembering that many of those who
attend the post-mortem demonstration may have
known the deceased in life, and may be less comfort-
able in the mortuary surroundings than the
pathologist. The body should be washed down, and
covered with a clean sheet or plastic apron. Similarly,
the dissection area and instruments should be
washed. The dirty apron, gauntlets and outer pair of
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EXAMINATION OF THE NERVOUS SYSTEM
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Introduction

Before commencing the autopsy it is essential to
review the clinical history and, where relevant, any
relevant imaging. This will indicate the broad plan-
ning and the consent that will be required to con-
duct a meaningful examination of the nervous
system, relevant to clinical and medicolegal needs.

Clinical signs and symptoms involving the
nervous system

Plan a full examination and sampling of the nervous
system. In such cases, examination of the nervous
system is expected to be essential to arriving at an
accurate diagnosis of conditions contributing to the
cause of death, including:

 cerebral hypoxia/anoxia;
* head injury;

* epilepsy;

* dementia;

* movement disorder;

e Creutzfeldt-Jakob disease;
¢ peripheral neuropathy.

Consent or authority should be sought for retention
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of the brain and/or spinal cord and peripheral nerve/
muscle, depending on clinical indications.

No clinical indication of signs or symptoms
directly referable to the nervous system

Plan an examination and sampling of the nervous
system as part of a full general post-mortem. Find-
ings in the nervous system are expected to give addi-
tional information. In such cases, a macroscopic
examination of the fresh brain plus limited tissue
sampling is typically adequate.

Limited post-mortem examination

In some circumstances it is appropriate to offer the
choice of a post-mortem examination limited to the
brain only or to the brain and spinal cord. Typically
this is applied where there is a clinical history of a
specific disease of the nervous system and the patient
or family members seek further information on the
diagnosis. This is also a common approach for
patients and their families who seek to support
research into diseases of the nervous system.

As with all limited post-mortems, it is possible
thata full explanation for a disease may not be forth-
coming. In the context of the central nervous system
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(CNS), certain clinical situations would justify
advising retention of the spinal cord in addition to
the brain, detailed in later sections.

Consultation with a specialist neuropathologist is
recommended before advising a family on the merits
and potential drawbacks of a limited examination,
as part of obtaining informed consent.

Retaining the brain and examination
following fixation

The most reliable results are achieved if the brain
and spinal cord are retained and examined follow-
ing fixation. The benefits of retention of the brain
and/or spinal cord should be explained to legal
authorities or families considering a post-mortem.
Pathologists should be familiar with the clinical
context of neuropathological examination and be
able to justify retention of brain and spinal cord, as
appropriate.

In certain circumstances, retention of fresh mate-
rial is desirable for possible genetic and micro-
biological investigations.

In some instances, authority or consent is
restricted to the retention and examination of sam-
ples of the brain and spinal cord. It must be empha-
sised that in such circumstances strategic sampling
is essential and that this has to depend on the clini-
cal context. No diagnostic reliability can be placed
on non-systematic histological sampling of the CNS.

If, in the course of a post-mortem to determine
the cause of death, no apparent cause is found and
the last hope is discovery of something in the brain,
slicing in the fresh state is unlikely to be helpful and
may in fact compromise a subsequent detailed
examination.

Examination of the brain
Removal

Removal of the brain is indicated in all full post-
mortems. In obtaining consent from a family or in
providing information to a legal authority to justify
the examination, it can be explained that secondary
damage to the brain is common in a wide range of
conditions. It is also not uncommon for an unex-

pected abnormality of the brain to be discovered,
which then becomes of relevance to the immediate
cause of death. There are no generally applicable
studies that would inform quoting a precise proba-
bility that retention of the brain would give an
answer to a clinical question.

The head should be supported by resting the
occiput on a block such that the neck is slightly
flexed. The operator should wear appropriate per-
sonal protective clothing including protection of
eyes. The head and neck should be inspected for any
operation scars, contusions or lacerations. Ventricu-
lar shunts for the treatment of hydrocephalus are
best explored before the cranium is opened. The
tube is exposed either in the subcutaneous tissues or,
in the case of a ventriculoatrial shunt, in the internal
jugular vein. After cutting the tube the patency of
the proximal and distal parts can be tested with a
syringe and water.

The scalp is incised using a scalpel. Start behind
one ear, pass just behind the vertex, and finish
behind the other ear. The scalp can be reflected from
the skull using blunt dissection. Anteriorly, this
should be as far as the supraorbital ridge. Posteriorly,
the scalp should be reflected to the mid-occiput.

Itisimportant to carefully examine the underside
of the flaps for haemorrhage or bruising, which can
be missed on external examination.

The temporalis muscles should be removed from
the temporal regions of the skull using a scalpel as
they can interfere with the cutting action of the saw.
The skull is examined noting any fractures or opera-
tive procedures such as burr holes.

The skull-cap is normally sawn circumferen-
tially using an oscillating saw, taking care not to
penetrate the dura. Alternatively, a hand saw may
be used. Anteriorly, the saw cut should lie 2.5cm
above the supraorbital ridge, and then be extended
on each side to about 1cm above the pinna of the
ear. The cut is then angled across the back of the
head to meet at the occiput. The purpose of the
angled cut is to allow the calvarium to be fitted
back without slipping, once the examination is fin-
ished. Notches placed in the incision will also help
to prevent slippage following reconstruction (see
Chapter 21).



The skull-cap is prised loose by twisting a
T-shaped chisel in the saw cut. This movement sep-
arates the calvaria from the dura. However, in
young people, the dura may be firmly adherent to
the skull-cap and may need separating by means of
a spatula. The dura is now exposed and can be
inspected for extradural haematoma, which should
be recorded by weighing as a means of estimating its
volume. Careful correlation with any skull fracture
is indicated.

The patency of the superior longitudinal sinus is
next assessed by opening it with a scalpel and scis-
sors. The dura is now incised on each side along the
line of the saw cut, using small scissor cuts and thus
avoiding damage to the underlying brain. Continue
these cuts to - but not cutting through - the superior
sagittal sinus. Reflect the dural flaps medially,
taking care to cut through and not tear the bridging
veins. Then free the anterior attachment of the falx
and reflect the dura backwards.

The underlying brain, covered by the lepto-
meninges, can be seen. Any blood in the subdural
space should be noted. The linear extent, location
and thickness of a subdural haematoma plus its
volume are measured. Histological sampling of sub-
dural haematoma is indicated if there is any require-
ment to attempt to date the time of onset. This is
done by looking for evidence of organisation. Puru-
lent leptomeningitis will be evident on inspection, at
which point samples of pus and/or cerebrospinal
fluid (CSF) can be taken for microbiology.

The dural cap can be removed by careful blunt
dissection and retraction, removing the falx from
between the cerebral hemispheres.

To effect removal of the brain, the fingers of one
hand are inserted beneath the frontal lobes to gently
lift the frontal lobes from the floor of the anterior
cranial fossa, so elevating the olfactory bulbs. The
optic nerves, internal carotid arteries, pituitary
stalk and oculomotor nerves now come into view
and can be cut with a pair of long-bladed scissors or
a scalpel close to the base of the skull. The temporal
lobes are then gently retracted in turn to expose the
tentorium cerebelli, which is incised along its
attachment to the petrous temporal bone on each
side, taking care to extend the incision as far poste-

Examination of the brain

riorly as possible. The brain can start to be delivered
from the skull. At this stage it is important to sup-
port the occipital lobes with one hand to avoid
excess traction on the midbrain. As the brain comes
backwards, the midbrain, pons and medulla come
into view and the remainder of the cranial nerves
are cut as they pierce the dura. Finally each of the
vertebral arteries is cut at its point of entry into the
skull. The lower brainstem and upper cervical cord
then rise into view and can be transected trans-
versely with a scalpel. Avoid making a wedge-
shaped cut as this prevents adequate examination of
the cervical medullary junction. These final steps
may have to be accomplished without direct vision,
but a satisfactory specimen will soon be achieved
with practice. The brain is then gently eased from
the cranial cavity, elevating the cerebellar hemi-
spheres with the fingers if necessary and leaving the
flap of dura attached to the skull.

The approach of the pathologist should necessar-
ily be flexible, and the procedure described above
varied according to the needs of an individual case.

If one is particularly interested in the cervical-
medullary junction, or if a section of the medulla is
rendered difficult to visualise by cerebellar tonsillar
herniation, it is preferable to remove the upper seg-
ments of the cervical cord attached to the brain. To
achieve this a wedge of occipital bone and the arches
of the upper few cervical vertebrae are first removed
and the dura opened. The brain can then be deliv-
ered with the attached upper cervical segments of
the cord.

In cases of suspected meningitis or encephalitis, it
is desirable to take samples of the CSF which is
uncontaminated by blood. This may be done either
by needle aspiration from the anterior or posterior
horn of the lateral ventricle, or from the fourth ven-
tricle by gentle compression of the brain. Spinal CSF
is obtained by tilting the patient’s head down after
removal of the brain.

Preliminary inspection and handling of
the brain

The fresh brain and spinal cord are very soft. While
it is possible to make an examination in the fresh
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state, only relatively obvious and gross pathology
can be detected. If a more reliable examination is
required, the whole organ should be retained and
fixed before dissection. This is especially true in the
more complex neurological cases that may prove dif-
ficult to elucidate and which may require referral to
a specialist centre.

External examination of the brain will often
reveal a considerable amount of information. The
distribution and possible source of any haemorrhage
in the subarachnoid space should be looked for in
the fresh state, aided by gently washing blood away
before fixation of the brain. Once fixed, blood
becomes a hard craggy mass, making adequate dis-
section of (in particular) aneurysms a virtually
impossible task.

The presence of any opacification in the sub-
arachnoid space should prompt the use of swabs and
collection of specimens for bacteriological examina-
tion. Less frank infiltration of the subarachnoid
space may denote subacute, chronic or neoplastic
meningitis. Smear preparations, fixed and stained,
may be used to provide a rapid diagnosis.

Careful inspection of the surface features should
be undertaken, noting any abnormalities — contu-
sions, haemorrhagic infarction, areas of softening
(gentle palpation may localise infarction), cystic
areas, surface tumours, and atrophy, whether global
or focal.

Features associated with brain swelling should be
looked for including flattening of the cerebral gyri,
uncal herniation with grooving of the parahippocam-
pal gyriand foraminal herniation with impaction and
moulding of the medulla and cerebellar tonsils.

The arterial supply to the brain is best identified
and traced in the fresh state, when the possibility of
seeing structural abnormalities such as a small
aneurysm is greatest. To do this it is necessary to
incise the arachnoid to gain access to the sylvian fis-
sures and interhemispheric fissure.

At this stage any special procedures that may be
required before fixing the brain should be performed.
In cases of suspected encephalitis, representative
samples of the fresh brain and CSF should be taken
for rapid transport to the virology laboratory.

If there is a possibility of a neurometabolic dis-
ease (e.g. a neuronal storage disorder), portions of
the brain should be deep-frozen for subsequent bio-
chemical and genetic investigation.

The brain should be weighed. It is useful at this
stage to also consider the benefit of photographic
recording of any macroscopic pathology, particu-
larly if there is no consent to retain the whole brain.

In certain cases, where there may be an active
research interest, it may be appropriate to freeze rep-
resentative samples of brain. If it is required to freeze
a half brain, it is sagittally bisected using a long-
bladed sharp knife. One half is fixed medial side
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Figure 12.1 (a) Brain suspended by the basilar artery in a polythene bucket filled with neutral buffered formalin.

(b) detail of point of suspension.



down in a bucket of formalin to be available for his-
tological correlation with biochemical analysis
obtained from the frozen hemisphere. Fresh frozen
material may also be utilised in genetic analysis, an
area that is becoming increasingly relevant in the
neurodegenerative disorders.

Fixation of the whole brain is carried out with the
brain suspended in a large bucket of 10L capacity
which is three-quarters filled with 10% neutral buff-
ered formalin. A loop of string is passed between the
pons and basilar artery, which is usually strong
enough to support the brain in water. Alternatively, a
plastic hook may be used, but either way suspension is
from string attached to the ends of the handle of the
bucket (Fig. 12.1). Great care must be exercised to pre-
vent contact of the brain with the sides and the bottom
of the bucket, as this may cause distortion and prevent
adequate fixation. It is also important to ensure that
the brainstem is covered with fixative. Diffusion of
formalin entering normal brain tissue is usually suf-
ficiently rapid to provide adequate fixation through-
out the brain. Fixation may be impaired when there is
cerebral oedema, however, and under these circum-
stances it can be improved by splitting the corpus cal-
losum and making a small incision between the
mamillary bodies, thus allowing the fixative access to
the interior of the hemispheres. The fixative should be
changed after 3 days, and then at weekly intervals.
Brains should be fixed for approximately 4 weeks
before further examination. Oedema and brain swell-
ing are known to slow fixation.

Strategies for more rapid fixation of the brain
have been proposed, including microwave-enhanced
fixation. A recent audit and review of practice has
suggested that a mixture of immersion and vascular
perfusion using 10% formalin can achieve good
results (Sharma and Grieve, 2006).

If authority to retain the brain for fixation is not
available, it may be possible to obtain permission to
fix the brain for 1-2 days. This allows some degree of
hardening which can facilitate better slicing and
allow more detailed macroscopic examination than
in the fresh state. It must be emphasised that this is
not best practice and should be subject to advice that
it may not allow determination of all factors that
may bear on a cause of death.

Examination of the brain

Slicing the brain in the fresh state and
routine histological sampling

In many cases where there are no clinical signs or
symptoms related to the CNS, it is appropriate to make
an examination of the brain in the fresh state. Follow-
ing external examination, as described in the previous
subsection, the brain may be sliced and examined.

A single cut should be made to remove the brain-
stem and cerebellum from the cerebral hemispheres.
This should be made with a scalpel, in the horizontal
plane, through the midbrain at the level of the supe-
rior colliculi and above the origin of the third cra-
nial nerves. This will allow inspection of the
midbrain, an assessment of pigmentation of the sub-
stantia nigra, and an assessment of patency of the
cerebral aqueduct.

The pons can be removed from the cerebellum by
cutting through the cerebellar peduncles on both sides.
The brainstem can then be sectioned at 3mm intervals
from the midbrain, through the pons to the medulla.
The cerebellum can be sectioned radially to show the
cortex, white matter and cerebellar dentate nuclei.

The cerebral hemispheres are sliced in the coro-
nal plane using a long-bladed knife. A useful strat-
egy is to place the cerebral hemispheres with the
superior surface on the bench, and start making cuts
from the frontal pole backwards at 1 cm intervals. In
cases where the brain has undergone softening it
may not be possible to make cuts this thin, and a
thicker section may be necessary. An attempt should
be made to place cuts at strategic levels, to become
familiar with anatomy in a systematic manner.
Sections can be made at the level of the tip of the
temporal lobe, through the mamillary bodies, and
through the mid-point along the length of the cere-
bral peduncle (to obtain a section of the hippo-
campus at the level of the lateral geniculate body).

In a case where it is appropriate to take routine
samples from the brain, six blocks can encompass
areas that have diagnostic utility for a range of path-
ological processes. The blocks are:

¢ midbrain including substantia nigra: detects a
range of movement disorders and Lewy body
diseases;
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e cerebellum including dentate nucleus: hypoxic/
ischaemic changes as well as neurodegenerative
cerebellar disorders;

* hippocampus at the level of the lateral
geniculate body: hypoxic/ischaemic changes and
several dementing disorders;

¢ frontal cortex from the arterial boundary zone:
hypoxic/ischaemic changes and several
degenerative conditions;

¢ basal ganglia (caudate and putamen): several
movement disorders and vascular disorders;

* occipital cortex: hypoxic/ischaemic changes,
several degenerative conditions and amyloid
angiopathy.

In addition to these screening blocks, any macro-
scopic focal lesions should be sampled. In cases of
dysphagia or aspiration pneumonia, a block of the

medulla at the level of the open IVth ventricle is
useful. (Fig. 12.2)

Examination of the spinal cord

Examination of the spinal cord should be based on
consideration of the clinical context of the case.
Examination is likely to be essential to give a full
explanation of clinical features in cases of parapare-
sis, paraplegia, clinically diagnosed motor neuron
disease, multiple sclerosis, unexplained motor weak-
ness, frontotemporal dementia, autonomic failure,
cerebellar ataxia, and suspected Guillain-Barré syn-
drome. In trauma cases, examination of the spinal
cord may reveal evidence of an unsuspected spinal
injury.

There are basically three methods for removing
the spinal cord. In the post-mortem room this can be

Figure 12.2 Routine histological
sampling of the brain. 1, frontal
cortex; 2, basal ganglia and
internal capsule; 3, hippocampus;
4, occipital cortex; 5, midbrain;

6, cerebellar cortex and dentate
nucleus; 7, medulla.



done by either the anterior or posterior approach.
The third method involves removal of the entire ver-
tebral column, the spinal cord being extracted fol-
lowing fixation. This last method avoids distortion
artefacts of the cord and permits leisurely examina-
tion at a later date, but does require some skilled
reconstruction by the mortuary technician; conse-
quently, this approach is usually limited to specialist
centres or cases of particular interest. The removal
of short sections of the vertebral column, as for
example at the site of a spinal injury, is, however,
easily undertaken by saw cuts above and below the
segment to be examined.

Whether the posterior or anterior approach is
chosen tends to be a matter of personal preference.
In general, mastering the anterior approach has wide
applicability. Not only is there less risk of damaging
the cord, but sampling of the dorsal root ganglia,
nerve roots and the adjacent plexuses is definitely
easier. The necessity for a further long skin incision
is also avoided. Mastering the posterior approach is
required when limited post-mortems are being
performed.

An essential preliminary step in removing the
spinal cord - whichever is the preferred method - is
to free the dura around the foramen magnum from
the cranial cavity. This is a difficult manoeuvre to
perform from below. To do this, the dura around the
upper end of the cord is held by toothed forceps, and
a scalpel blade is inserted between the dura and the
surrounding bone around the entire circumference
of the cord. It is usually possible to do this to a depth
of approximately 2 cm.

The anterior approach

The basic principle in the anterior approach to the
spinal cord is to cut through the pedicles of the ver-
tebra, so permitting removal of the vertebral bodies.
Access to the spinal column is facilitated by using an
initial Y incision when opening the body, followed
by wide removal of the ribs, usually 10 cm lower than
would normally be done in a routine examination of
the thoracic organs. The lumbar and cervical para-
vertebral muscles are dissected free of the vertebra,
thus exposing the emerging peripheral nerves of the

Examination of the spinal cord

lumbar and cervical plexuses. Sawing with a fan-
tailed blade commences in the lumbar region with
the blade placed immediately in front of the emerg-
ing nerve roots, and continues up the thoracic region
in aline immediately lateral to the rib tubercles, then
rostrally to the base of the skull. The angle of the saw
blade varies in the different regions of the spinal
column (Fig. 12.3), being horizontal in the lumbar
region, becoming increasingly oblique in the tho-
racic region, and being almost vertical in the cervi-
cal region.

When sawing, care must be taken not to let the
blade plunge too deeply once it has been felt to ‘give’
as it enters the spinal canal, particularly in the cervi-
cal region where one is cutting directly down onto
the cervical nerve roots.

Finally, an oblique cut is made in the sacrum on
each side, allowing the vertebral bodies to be pulled
forwards. Adhesions with the underlying dura are
freed with a scalpel and the process is continued ros-
trally until all the vertebral bodies are removed and
the entire length of the spinal cord exposed.

The cord is now removed by dividing the nerve
roots of the cauda equina and attaching a pair of
Spencer Wells forceps to the dura. Only the dura
should be handled, avoiding any trauma to the cord.
The cord is now gently lifted from the spinal canal,
freeing any adhesions and cutting through the
spinal nerve roots. Representative dorsal root gan-
glia lying within the intervertebral foramina are
easily included with the specimen. In the cervical
region, however, further dissection is required to
expose the ganglia as here they are more laterally
situated. Great care must be taken not to angulate or
pull on the cord as this will cause post-mortem arte-
factual damage.

Once removed, the spinal cord is then fixed before
further dissection. Ideally, it should be suspended in
a large tank or drainpipe so that no distortion
occurs. A weight may be attached to the dura of the
lower end to prevent shrinkage of the dura, which
may cause buckling of the cord. If no suitable con-
tainer is available it is acceptable to divide the cord
into two or three sections for fixation by immersion.
The cord is transected after opening the dura to
avoid compression damage.
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Figure 12.3 Anterior approach for the removal of the spinal cord, showing the angle of saw cut required for: (a) the
lumbar vertebrae; (b) the thoracic vertebrae; and (c) the cervical vertebrae.

The p osterior appr oach on each side. The fan-tailed saw blade is directed for-

The skin is incised from the occiput to the sacrum,  wards and slightly inwards, the line of the cut being
and the paraspinal muscle mass is cleared to reveal — approximately 2 cm from the midline (Fig. 12.4). The
the vertebral laminae; these are then sawn through  vertebral spines can then be elevated in a single



Figure 12.4 Posterior approach for removal of the spinal
cord, showing the angle of saw cut required.

block, exposing the underlying cord. Using this
approach further dissection with a knife and bony
nibbler will be required to expose the dorsal root
ganglia in the intervertebral foramina. The cord is
now removed in a similar manner to that of the ante-
rior approach.

Combined approach

A combination of the posterior approach in the cer-
vical region and the removal of a wedge-shaped
piece of occipital bone can be used in those subjects
where the pathological lesion is thought to lie in the
caudal brainstem or upper cervical cord. The spinal
cord is transected below the level of the lesion and
the upper end is delivered in continuity with the
brain. The remainder of the spinal cord can then be
removed separately.

Examination of the skull

Following removal of the brain, the dural lining and
the base of the cranial cavity are checked for any
abnormalities and the principal venous sinuses (pet-
rosal, transverse, sigmoid, straight and the conflu-
ence) are examined for patency by opening using a
scalpel and scissors.

In cases of known or suspected head injury, the
dura should be removed to allow examination of the
inside of the skull to detect possible fractures of the
skull base. This is achieved by gripping the dura
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with toothed forceps and forcibly stripping it from
the bone surface. The internal surface of the skull
should be wiped clean to remove blood and to reveal
fractures.

Examination of the pituitary
gland

Usually the pituitary gland is removed by first incis-
ing the posterior margin of the diaphragma sellae.
The incision is necessary to avoid damage to the pos-
terior lobe of the pituitary gland as the posterior part
of the pituitary fossa is removed by means of a small-
bladed chisel. The pituitary gland is then dissected
out from the sella turcica using a scalpel, directing
the blade away from the gland and grasping the dia-
phragm with a pair of fine forceps.

In patients with a tumour in the pituitary region,
the central segment of the base of the skull can be
removed using a Deseuter saw with a fan-shaped
blade. This block is also to be recommended when a
lesion of the cavernous sinus is present, and in addi-
tion to portions of the second to the sixth cranial
nerves the trigeminal ganglia are also included.
After fixation the block may be dissected or decalci-
fied and sectioned in any suitable plane.

Removal of the eyes

It depends on one’s practice as to whether removal of
the eyes is a ‘routine’ or ‘special’ procedure (Parsons,
2006). Eyes may also be removed, in part or in toto,
for the purposes of transplantation, usually by an
eye surgeon, a trained transplant retrieval officer or
an accredited anatomical pathology technologist.

There are five approaches to removal of the eye.
The choice of which method to apply will depend on
the purpose for the removal and the prosector’s
experience and preference with any particular tech-
nique that can be used alone or in combination:
either the external or the internal approach (referred
to by some as the anterior and posterior approaches,
respectively). The internal (posterior) approach is
easier to perform but requires the head to be opened
and the brain to have been removed.
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The external (anterior) approach

The approach is greatly facilitated by the use of lid
retractors of the type employed by ophthalmic sur-
geons (e.g. a Weeks’ lid speculum). These hold the
lids firmly out of the way as the dissection proceeds
and help reduce accidental damage to the lids, which
can result in a poor cosmetic result. With the lids
fully retracted, the conjunctival attachments of the
globe can be cut using blunt-nosed curved scissors,
the free edges attached to the globe giving purchase
to forceps (preferably Spencer Wells) (Fig. 12.5). This
allows continued dissection of the muscle attach-
ments of the globe. The optic nerve is identified and
cut under direct vision and the globe is brought for-
ward to come free of the socket.

Figure 12.5 The conjunctiva is divided using curved
scissors.

The interal (posterior) approach

The approach requires the brain to be removed and the
dura to be stripped from the cranial bones. To remove
the eye, one must remove the orbital part of the frontal
bone. Using either an oscillating saw with a fan-tailed
blade or a mallet and chisel, a cut is made to the bone
running parallel to the cribriform plate of the ethmoid.
A second cut is made to the bone running parallel to
the lesser wing of the sphenoid. Finally both cuts are
joined by a third cut through the orbital part of the
frontal bone (Fig. 12.6). The bone is removed to expose
the periorbital fat. Using a scalpel or blunt-nosed scis-
sors, the fat and muscles are removed to visualise the
globe. The optic nerve is cut and the globe lifted to

release the inferior muscle attachments (Fig. 12.7).
These can be left long for subsequent orientation of the
globe. Care must be taken when incising the conjunc-
tiva not to damage the eyelids or eyelashes, so many
pathologists prefer to undertake this portion of the
procedure under direct vision from the anterior
approach. Once the last attachment is cut, the globe
will lift out of the socket. A dot inked on the superior
aspect of the globe with a marker pen at this point will
aid subsequent orientation of the specimen, although
other techniques such as leaving the superior rectus
muscle longer than the others or the placement of a
piece of card under the superior oblique muscle tendon
are alternative methods.

The globe should be initially placed in formalin
but later transferred into alcohol to stop it from col-
lapsing prior to examination. The globe is then cut,
photographed and processed using local protocols.
Finally the orbit is reconstructed as outlined in
Chapter 21.

Partial removal of the eye: the internal
(posterior) approach

Occasionally permission is given for removal of the
posterior part of the eye only, although wherever pos-
sible the entire globe should be removed. The tech-
nique is difficult and can result in retinal disruption
and cosmetic defects. Therefore, approximately 30
minutes prior to the procedure 0.5mL of 3% glutaral-
dehyde should be injected into the vitreous using the
technique for vitreous fluid sampling (see Chapter
15). The eye is approached as described earlier for the
posterior approach. The fat and orbital muscles are
dissected as before and the optic nerve transected as
posteriorly as possible. The eye is now cut along the
equator superiorly with a knife and then with scissors
to separate the posterior part of the eye from the ante-
rior aspect. To enable orientation, a small nick is made
in the superior aspect. Once the inferior rectus muscle
is divided the eye will come free.

Removal of the intact eye, orbital
contents and bony wall of the orbit

This technique is employed when orbital pathology
extends to involve the orbital bony wall. To under-
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Figure 12.6 (a and b) Three cuts are made in the orbital
plate.

take this procedure the facial bones and orbit must
first be exposed. To do this, follow the procedure
described for examination of the facial bones below.
The bone incision then proceeds from inside the cra-
nial cavity. A wedge of bone is cut interiorly such

Figure 12.7 The globe is lifted and the inferior
attachments released.

that the turcica is connected with the lateral border
of the skull, the incision originating at the sella tur-
cica and going to the squamous temporal bone. Now
the ends of the cuts are continued anteriorly such
that the medial one extends down through the fron-
tal bone, along the medial border of the orbit and lat-
eral border of the nose. It passes through the maxilla
to end at a point close to the upper molar tooth. The
lateral cut goes downwards through the greater wing
of sphenoid, transects the zygomatic arch and joins
the other cut at the upper molar area. The entire
block of bone with the orbital contents can now be
removed and processed.

Removal of the orbit, nasal passages
and sinuses

On rare occasions it may be necessary to remove the
orbits in continuity with the midline structures
including the upper jaw and palate. Specific consent
may be required for this procedure. Examples of
when this may be required are granulomatous dis-
eases involving the orbit, nasal passages and pha-
ryngeal structures or malignancy.

The procedure commences as for the removal of
the orbital contents and bony wall of the orbit. The
facial bones are exposed and the cranial cavity emp-
tied. The incisions are similar to those described
above, except that the lateral internal incision goes
more posteriorly through the squamous temporal
bone, ending with a more posterior cut through the
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zygomatic arch. Anteriorly the incision passes verti-
cally through the frontal bone, along the medial
border of the orbit, along the lateral border of the
nose, and ends at approximately the level of the
upper canine. The entire block can now be removed
and processed.

Reconstruction requires a skilled practitioner to
rebuild the absent facial structures with a material
such as plaster of Paris.

Examination of the middle ear

For most purposes, the middle ear, the eardrum and
the intraosseous portion of the internal carotid artery
can be satisfactorily examined by splitting the petrous
part of the temporal bone with a chisel applied to the
floor of the middle cranial fossa. The respiratory
sinuses can be similarly opened for examination. This
approach is appropriate for obtaining microbiological
samples in cases of suspected otitis media.

The only really satisfactory way to examine the
structures of the middle ear and inner ear is to
remove a large wedge of temporal bone (as described
below). The block is then decalcified and large serial
sections are taken. This is usually undertaken only
in selected cases where preservation of anatomic
relations and histological correlation is required.

Removal of the temporal bone

There are three basic techniques for removal of the
temporal bone (Nadol, 1980; Nadol et al., 1996). The
choice, as for removal of the eyes, depends on
whether the head has been opened. It is of note that
the removal of both temporal bones may render the
skull unstable and complicate reconstruction.

The bone plug method

This uses an intracranial approach and is performed
with the brain and dura removed. Using a specialist
piece of equipment (a bone plug cutter), the entire
inner ear and internal auditory canal, the medial
part of the external auditory canal, the mastoid air
system, a part of the venous sinus and the lateral half
of the Eustachian tube are removed. The mastoid
area is examined and the bony landmarks identified.

The bone plug cutter is centred on the arcuate emi-
nence and advanced through the floor of the middle
cranial fossa until it breaches the skull. The cutter is
then removed. The bone plug is removed using for-
ceps and scalpel and placed into fixative for subse-
quent examination.

The en-bloc method

This too uses an intracranial approach and produces
alarger specimen. Using an oscillating saw, four cuts
are made to the skull bones. The first cut is made lat-
erally across the middle cranial fossa floor just
medial to the squamous portion of the temporal
bone. The second cut is made parallel to this one,
being medial to the petrous tip into the basisphenoid
and basiocciput. The next cut is made approximately
3.5cm anterior and parallel to the petrous ridge with
the last made in the posterior fossa, parallel to the
petrous ridge such that it undercuts the other bony
incisions (Fig. 12.8). The bony segment is removed as
before and placed into fixative.

Figure 12.8 Methods of removing the temporal bones via
an internal approach.



The extracranial approach

The temporal bone can be removed using an extra-
cranial approach, avoiding the need to remove the
calvarium. First, an incision is made behind the
auricle and the external auditory canal transected.
The soft tissue is removed and a long temporal bone
plug cutter centred on the external auditory canal.
The cutter is directed towards the opposite canal
and advanced for its full length. The bony plug is
freed and removed as before using a scalpel and
forceps.

Dissection of the neck and
examination of the extracranial
vessels

Detailed dissection of the neck is an important pro-
cedure in a large number of neuropathological
autopsies. Any subject with a history suggestive of
cerebrovascular disease requires careful examina-
tion of the extracranial cerebral arteries. Cases of
suspected peripheral nerve disease should undergo
examination of the lower cranial nerves and possibly
the autonomic nervous system.

The precise detail of the dissection and tissue
samples will be dictated by knowledge of the
patient’s clinical history.

The first muscle encountered is the sternomas-
toid. This, supplied by its spinal accessory nerve, is
divided at the mid-point. Samples may be taken and
the cut ends then reflected upwards and downwards,
thus exposing the carotid sheath. At this point, if
required, the two bellies of the digastric muscle can
be dissected out and sampled. The anterior belly is
innervated by the trigeminal nerve and the posterior
belly by the facial nerve. The carotid sheath contain-
ing the common and internal carotid arteries, inter-
nal jugular vein and the vagus nerve can now be
explored. The internal carotid artery and vagus
nerve are dissected upwards up to their point of
entry into the skull. The swelling of the vagus nerve
below the skull denotes the position of its inferior
ganglion. The hypoglossal and accessory nerves
emerge close to the vagus at this point. The glosso-

Examination of the vertebral arteries

pharyngeal nerve is to be found between the internal
carotid artery and the internal jugular vein running
towards the pharynx.

Deeper dissection of the neck will reveal the cer-
vical sympathetic chain lying in the loose connec-
tive tissue on the prevertebral muscles (Fig. 12.9). Of
the three cervical sympathetic ganglia, the superior
is the largest and lies behind the internal carotid
artery opposite the second and third cervical verte-
bra. Following the chain downwards one encoun-
ters first the smallest, then the middle cervical
ganglion, and finally, just below the level at which
the vertebral artery enters the spinal column, the
inferior cervical ganglion. The last is sometimes
fused with the stellate ganglion. Sampling of the
cervical sympathetic chain and the vagus nerve
should be performed in any case with a history of
autonomic failure.

Once the appropriate dissection of the neck
nerves and musculature has been undertaken,
attention can be directed towards the vessels.
Although the usual method of dissection removes
the vessels ‘en bloc’ with the rest of the neck struc-
tures, their separate dissection can be undertaken
for more detailed study or demonstration purposes.
Having already exposed the carotid arteries and
transected them as rostrally as possible, the dissec-
tion is continued downwards, exposing the innomi-
nate artery and the origins of the subclavian and
vertebral arteries on each side. The vertebral arter-
ies are transected as they enter the foramina in the
transverse processes of the sixth cervical vertebra.
The subclavian vessels are cut and the transected
vessels reflected downwards to the arch of the aorta.
The final step involves cutting a wedge from the
arch of the aorta incorporating the origins of the
major neck arteries.

Examination of the vertebral
arteries

Examination of the vertebral arteries is an often
neglected aspect of the autopsy, in part due to their
relative inaccessibility and the fiddly, time-consum-
ing procedures required for their exposure. Their
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examination can be considered from two perspec-
tives: their cervical path and their intracranial path
(Fig. 12.10) (Bromilow and Burns, 1985).

The en-bloc method

There are two described methods for examining the
cervical path of the vertebral arteries. The first
requires the removal of the entire cervical portion of
the vertebral column (Vanezis, 1979). A Y-shaped
incision is made to the neck and the anterior neck
structures are removed along with the thoracic con-
tents as described in Chapter 10. Next, the inner
third of each clavicle is removed to ease access to the
origins of the vertebral arteries. The head is then
opened in the normal manner and the cranial con-
tents removed, taking care to incise the medulla
oblongata as close to the foramen magnum as possi-

Figure 12.9 Deep dissection
of the neck, showing the
positions of the major vessels,
nerves and ganglia.
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ble. The ligaments and muscles attached to the cervi-
cal vertebrae are released taking care to leave the
posterior skin and muscles attached to the back of
the skull, thus avoiding decapitation. The neck is
now removed en bloc. This should preferably include
the base of the skull including the foramen magnum,
which is removed with the use of an oscillating saw
and a fan-tailed blade. The entire specimen is placed
in formalin for fixation and then decalcified. This
may take up to 8 weeks. The specimen may then be
sectioned with a bacon slicer or the vertebral arteries
dissected out with a scalpel.

The in-situ method

The second method examines the vertebral arteries
in situ and is favoured by many in view of the fact
that a large specimen of human tissue does not have
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Figure 12.10 The path of the vertebral arteries.

to be retained after the autopsy. A Y-incision is
made to the neck with the neck well extended and
the skin reflected to the edge of the mandible. The
neck structures and chest cavity contents are
removed as usual but the subclavian arteries are
severed proximal to the origins of the vertebral
arteries. The calvarium and its contents are removed
as usual. The longus colli and longus capitus mus-
cles are dissected off the anterior aspect of the cervi-
cal spine and the inner third of each clavicle is
removed as before. The proximal parts of both ver-
tebral arteries are dissected free as far as the
foramen transversarium of the sixth cervical verte-
bra. Using a pair of small bone clippers or wire cut-
ters, the anterior bony boundary of the foramina is
removed from the sixth to the third cervical verte-
brae. This is done by making two incisions to each
bone - one to the anterior border as close to the
body as possible and the other to the anterior tuber-
cle of each transverse process. The vertebral arteries
are then mobilised using a scalpel with a no.11
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blade as far as the axis. The sharp lateral turn of
each vessel is identified before removing the bony
boundary of the axis and atlas. The artery then goes
posteriorly and turns into its cephalic portion. Fur-
ther dissection requires the removal of the foramen
magnum as before.

Autopsy imaging and injection technique
Further examination of the vertebral arteries can be
facilitated by two methods. In the case of vertebral
artery trauma, post-mortem angiography should be
considered (Karhunen et al., 1990). Alternatively, if
an intracranial tear is suspected, a simple method to
examine for leaks is as follows. The cranium is
opened and, after careful examination of the vascu-
lature, the cerebral hemispheres are removed by an
incision through the pons. Cannulae are inserted
into the proximal cervical parts of both vertebral
arteries. With the aid of an assistant, water is simul-
taneously injected into both vessels while observing
the cranial portions. Any tear should be demon-
strated by the leakage of water.

Sampling of muscles and
peripheral nerves

In cases where the clinical history and findings are
those of a neuromuscular disorder, sampling of
peripheral nerves and muscles will be required. This
is in addition to removal of the spinal cord, with
attached anterior and posterior nerve roots, and rep-
resentative dorsal root ganglia. The precise pattern
of sampling required will be largely determined by a
detailed study of the clinical findings. Peripheral
nerve involvement can be selective as in, for exam-
ple, cases of multifocal mononeuropathy.

Many of the specialised techniques, such as
enzyme histochemistry, which are routinely used in
specialist neuropathology laboratories, can still be
applied to post-mortem muscle up to 24-36 hours
after death. Samples from areas regularly used in
clinical diagnostic work (vastus lateralis, deltoid,
gastrocnemius) should be orientated in the trans-
verse plane and fresh-frozen for preservation at
-80°C. Before sampling, the muscle should be widely
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exposed and the actual removal carried out as atrau-
matically as possible in order to avoid the produc-
tion of artefacts. Samples of muscle should be excised
as far as possible along the line of the fibres, thus
facilitating the preparation of accurate cross-
sectional and longitudinal sections. Ideally, a strip
approximately 1x 3 cm should be removed.

If it is not possible to preserve muscle for enzyme
histochemistry, much information can still be
gained from correctly handled samples of nerve and
muscle fixed in 10% buffered formalin. To avoid dis-
tortion during fixation, the specimens of muscle can
belaid on labelled card to which it becomes adherent
and remains orientated in the fixative.

Peripheral nerve sampling is dictated by the dis-
tribution of clinical signs. Samples can be taken
proximally from the main plexus regions (brachial
and lumbar) and also peripherally as different dis-
ease processes affect different parts of the periph-
eral nervous system. In general, one should avoid
superficial segments of nerve, such as the sciatic at
the buttock, the median at the wrist and the ulnar at
the elbow, which tend to be traumatised during life.
The median, ulnar and radial nerves are easily
accessible in the upper arms. With regard to the
lower limbs, the femoral nerve is readily identified
as it emerges from the lower border of the psoas
muscle in the abdominal cavity. The sciatic nerve
and the median and lateral popliteal nerve are
accessed by dissection in the popliteal fossa. The
sural nerve (a purely sensory nerve) is the most fre-
quently biopsied nerve in clinical practice and is
therefore usually included in any examination of
the peripheral nervous system. It lies superficially
posterior to the lateral malleolus. Finally, a
U-shaped incision on the palm of the hand will
expose the distal nerves and musculature of the
upper limb. These small hand muscles are a rich
source of motor end-plates and muscle spindles
with which they are abundantly supplied.

Samples benefit from atraumatic handling and
rapid fixation. There is a benefit in having material
fixed in glutaraldehyde for resin processing, as
applies to nerve biopsy samples in the living.

Dissection of the lower cranial nerves and muscle
innervated from the brainstem has already been

mentioned. The pattern of lower cranial nerve
involvement in any disorder can be assessed by
examining the anterior and posterior bellies of the
digastric muscle (innervated by the trigeminal and
facial nerves, respectively), the sternomastoid
(accessory) and the tongue (hypoglossal).

Neuropathology autopsy in
stroke

Stroke can be classified into haemorrhagic and
ischaemic patterns (Boxes 12.1 and 12.2).

In haemorrhagic stroke, bleeding may be intrac-
erebral, intraventricular, subarachnoid or have a
mixed pattern. In post-mortems of the brain, a care-
ful examination of the cerebral arteries attached to
the brain in the fresh state is indicated. This will
allow the detection of small berry aneurysms, which
will otherwise escape detection if the brain is fixed
and the blood becomes hardened. Large haemato-
mas can be evacuated to facilitate later fixation when
the whole brain is being retained for detailed
examination.

Ischaemic stroke may be caused by thrombosis in
a large cerebral vessel, small vessel disease, or be due
to embolic phenomena. A small proportion of cases
are due to rare and unusual conditions or remain
unexplained despite post-mortem examination. In
all cases of ischaemic stroke a full examination of
the heart, great vessels and cerebral circulation is
required, including the vertebral arteries. Clinically
new approaches to stroke subtyping are being devel-
oped and post-mortem examination may be
required to audit performance of such clinically
applied schemes. The ‘ASCO’ scheme assigns a
numeric probability to patients against criteria for
Atherosclerosis, Small vessel disease, Cardiac source
and Other cause (Amarenco et al., 2009).

Neuropathology autopsy in head
injury
Head injury is a common cause of death in a range of

ages, but especially in young adult males. Deaths
from head injury constitute 1-2 per cent of all deaths



Box 12.1 Haemorrhagic stroke

No identifiable lesion

e Associated with impaired coagulation. Check bone
marrow for leukemia as well as clinical notes for
therapeutic anticoagulation. May be a complication
of a procedure such as cardiac surgery.

e Associated with recreational drug abuse. Perform
toxicology.

e [diopathic. No cause identified despite macroscopic
examination, toxicology and histology of brain.

Identifiable lesion

e Aneurysm. Ascertained in the fresh state by careful
removal of blood and examination of cerebral
arteries. Common ‘missed’ aneurysms are at the
tip of the basilar artery and those that become
embedded in the brain parenchyma leading to
intracerebral or intraventricular bleeds.

e Arteriovenous malformation. Usually ascertained
in the fresh state, supplemented by histological
examination

e Hypertensive vascular damage. Suspected from
location of bleed (deep hemispheric, pontine or
cerebellar), and confirmed by histology of deep
cerebral vessels together with supplementary
information from the general post-mortem.

e Amyloid angiopathy. Suspected by the context of
the bleed — a common cause of lobar haemorrhage
in older patients. Confirmed by histology of vessels
from the region of the bleed.

e \Venous sinus or cortical vein thrombosis.
Haemorrhagic infacts may mimic primary
haemorrhage. Ascertained in the fresh state
by examination of venous sinuses and noting
thrombosis in cortical veins.

e Trauma. Usually evident from the context of the
case.

e Tumour. May be difficult to delineate from damaged
brain at the periphery of a bleed. Ascertain by
histology from the margins of the bleed.

e latrogenic. Interventional procedures may give rise
to bleeding. It is advisable to have the practitioner
present to describe the procedure and highlight
relevant imaging features so that a true explanation
of the complication may be ascertained.

from all causes. Between 1 and 5 per cent patients
with a head injury remain vegetative and 5-18 per
cent are severely disabled 6 months after their injury.

Neuropathology autopsy in head injury

Box 12.2 Ischaemic stroke

e Atherosclerosis. Ascertained in the fresh state by
noting atheromatous vascular disease.
Inspection and histology of the carotid
bifurcations may reveal complicated atheroma.
Thrombosis of cerebral vessels may be seen, and
must include examination of the vertebral arteries
in the neck.

e Smallvessel disease. Linked to previous
hypertension and diabetes mellitus. Clinically
linked to syndrome of lacunar infarction and
imaging feature described as leucoaraiosis and
microbleeds. May be suspected by noting
lacunar infarcts in the fresh state and should be
confirmed by histological examination of the
brain

e Cardiac. Suspected at the time of post-mortem
by examination of the heart, noting a potential
site for embolism or primary cardiac disease. In
young patients a patent foramen ovale may allow
paradoxical embolism.

e Other. Arange of rare causes can be established.
Unusual causes of ischaemic stroke may be
identified only with histology of cerebral vessels
and brain such as cerebral vasculitis, arterial
dissection and fibromuscular dysplasia
(particularly affects vertebral arteries). Consider
taking blood for serology to look for SLE or
thrombophilia syndrome. Check bone marrow for
haematological causation. A small proportion of
patients with stroke have an inherited cause for
disease, the risk being highest for young-onset
disease - retain brain if possible, take histology
plus consider preserving fresh material for
genetic studies.

The identification of the type and amount of pathol-
ogy that is responsible for death or disability is espe-
cially important in medicolegal cases in which
consideration needs to be given to the various types
of pathology and their causation.

The aim is to document injuries, provide an inter-
pretation as to primary and secondary causes of
damage, and to ascertain whether natural disease in
the brain may have contributed to the causation of
the original trauma or contributed to death. In
patients who have been admitted to hospital and
who have had imaging, careful review of imaging
results usually assists in macroscopic interpretation
of post-mortem findings.
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Careful documentation of soft tissue injuries to
the scalp is important, supplemented by photo-
graphs when appropriate. The dura should be
stripped from the skull to allow for the examination
of skull fractures and photography. Histological
sampling of the dura is appropriate when there has
been a haematoma in relation to the dura (subdural
or extradural) so that the tissue response to the hae-
matoma can be assessed and hence an estimate of
timing of injury be made. The dura can be sampled
by taking the section of dura adjacent to and includ-
ing the haematoma margin, and rolling it up like a
swiss-roll. A thin 0.5 cm cross slice is then taken and
placed directly into a processing cassette for fixation
and histology - a so-called dural roll.

In many cases of head injury it is possible to
achieve the three main aims of post-mortem brain
examination by careful macroscopic examination of
the brain supplemented by photography when
appropriate. Examination of the brain in the fresh
state may not allow macroscopic detection of subtle
and important lesions related to the mode of death
following trauma. It is often possible to obtain
authority to fix the brain for 24-48 hours in forma-
lin, followed by slicing, photography and histologi-
cal sampling. This allows early return of the brain to
the body and even the short fixation allows for better
macroscopic assessment. It is appropriate to recom-
mend to the legal authority authorizing the exami-
nation that the most reliable assessment can be
obtained following retention of the brain for detailed
examination. This recommendation is most impor-
tant where criminal involvement is suspected or, in
non-criminal cases, when death has occurred fol-
lowing head injury in the absence of obvious focal
brain injury (for example with brain swelling alone)
such that diffuse brain injury is likely. If authoriza-
tion is not given for retention of the whole brain then
it should be recommended that there is retention of a
single coronal slice of brain together with additional
samples of the corpus callosum, cerebellum and
brain stem (Fig. 12.11). It is recommended that in
such circumstances the pathologist documents limi-
tations imposed on the examination in the post-
mortem report, together with a statement as to how
this may affect reliability of interpretation.

Figure 12.11 Head injury tissue retention when retaining
the whole brain is not permitted. 1, block of both sides of
anterior corpus callosum and internal capsule; 2, whole
slice 1 cm thick taken from a level 1 cm caudal to the
mamillary bodies (this is blocked for histology in toto as
six large blocks); 3, midbrain; 4, pons; 5, medulla; 6 and 7,
cerebellar hemisphere from both sides.

Macroscopic description of the site and size of
contusions and subarachnoid bleeding can be
related to the severity of head injury. Careful docu-
mentation of the extent of brain swelling and any
consequential damage secondary to brain hernia-
tion is an important part of the examination.

Histological sampling may not be necessary in
many cases, particularly where there is clear macro-
scopic evidence of focal brain injury, provided that a
careful macroscopic examination has been per-
formed and documented. If there is a question in
relation to the timing of a head injury then histology
of focal lesions can be helpful. Where the immediacy
or adequacy of care following the injury is in ques-
tion then it can be helpful to use histological sam-
pling to detect secondary brain damage. It is
especially important to perform wide histological
sampling when diffuse traumatic axonal injury or
diffuse ischaemic brain injury is suspected. This
should be considered when a patient has been



Figure 12.12 Head injury histological sampling to

detect diffuse brain injury. 1 and 2, frontal cortex with
parasaggital white matter; 3 and 4, corpus cellosum,
anterior limb of internal capsule and basal ganglia; 5 and
6, basal ganglia and thalamus with internal capsule;

7 and 8, hippocampi at level of lateral geniculat body;

9, splenium of corpus callosum; 10, centrum semiovale in
parietal lobe; 11, midbrain; 12 and 13, bilateral samples of
cerebellum; 14, pons; 15, medulla.

unconscious but the brain examination has not
revealed a focal mass lesion. A full sample set in the
assessment of a head injury should include the fol-
lowing areas taken from both sides, as shown in Fig.
12.12: frontal cortex at the level of the head of the
caudate to include parasagittal white matter, ante-
rior corpus callosum at the level of the basal ganglia,
anterior limbs of the internal capsule with basal gan-
glia, basal ganglia and thalamus including posterior
internal capsule, parietal lobe with white matter
from centrum semiovale, splenium of the corpus
callosum, both hippocampi, midbrain,
medulla, cerebellum including the dentate nucleus.
Any focal lesions should also be sampled histologi-
cally. In paediatric head injury, and especially if
non-accidental injury is suspected, extensive histo-

pons,

Neuropathology autopsy in epilepsy

logical sampling of the cervico-medullary region to
look for axonal injury is important. The detection of
traumatic axonal injury is facilitated by immuno-
staining for beta amyloid precursor protein (3-APP).
In patients who die with a period of survival histo-
logical assessment with CD68 allows detection of
the microglial responses to axonal injury.

In many cases the post-mortem does not discover
anything beyond what had been established clini-
cally and using imaging in life. In other instances
detailed assessment is required, especially where
evidence of the existence or absence of secondary
patterns of damage is required to link to suggestions
of inappropriate clinical management. In such cases
examination in the fresh state with limited histology
may not be adequate to give a full explanation of the
cause of death. As has been noted, particular diffi-
culty may be encountered in the ascertainment of
diffuse brain injury and traumatic axonal damage,
where macroscopic evaluation is unreliable and lim-
ited histological examination is inadequate (Smith et
al., 2003)

Neuropathology autopsy in
epilepsy

As with many diseases, there is an increasing reali-
sation that genetic causes underlie some of the epi-
lepsy syndromes, contributing to the pathogenesis of
the idiopathic epilepsies. Other forms of epilepsy
may be classed as secondary. Recent review of the
expectations of families, faced with the unexpected
death of a person with epilepsy, has led to recom-
mendations being made for appropriate post-
mortem investigations. The majority of post-mortems
on patients who die associated with epilepsy are con-
ducted under a legal authority with the aim of ascer-
taining the cause of death. In planning such an
examination, there is a differential diagnosis with
syndromes that produce paroxysmal loss of con-
sciousness, particularly syndromes which lead to
cardiac arrhythmias.

The post-mortem plays an important part in
assigning the cause of death into three major catego-
ries as follows.
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Box 12.3 Epilepsy: investigations and findings

e External examination. Look for evidence of tongue
biting and petechial haemorrhages in the skin and
eyes that may indicate asphyxia.

e Full post-mortem with histology. Exclude other
causes of death. It is recommended to take
multiple samples from the heart and lung as well as
sampling macroscopic abnormalities in other
organs.

e Toxicology. Exclude death due to alcohol or abuse
of drugs. Best practice reccommendations are to
preserve blood, urine and gastric contents for
estimation of a range of potential investigations,
including levels of therapeutic drugs.

e Neuropathological examination. The pathologist
should always recommend, to a legal authority and
family, retention of the brain for detailed
examination . It has been stated that pathological
findings will be seen in about 60 per cent of cases
(Black and Graham, 2002). If it is not possible to
retain the whole brain, it is recommended to retain
two full coronal sections, 1.5 cm thick: one just in
front of the midbrain, and one just behind the
midbrain. These will allow histological sampling of
the following regions (see Fig. 12.13):

- cingulate gyrus;
- hippocampus and parahippocampal gyrus from
both sides;

* Non-epilepsy related. People with epilepsy can
die of any unrelated cause, for example
myocardial infarction. A family should be
offered the opportunity to have the brain
examined in relation to the epilepsy even if
another cause is ascertained.

* Epilepsy-related. This category includes
drowning or accidents that could be attributed
to an epileptic seizure, precipitating the event. A
full post-mortem will reveal the cause of
epilepsy-related death. A family should be
offered the opportunity to have the brain
examined in relation to the epilepsy. Blood
levels of anti-epileptic medication may reveal
non-compliance with medication that may have
a bearing on the circumstances leading to death.

* Sudden unexplained death in epilepsy (SUDEP).
This is a diagnosis of exclusion, supported by a
full post-mortem with histological and
toxicological investigations. SUDEP is defined

— superior and middle temporal gyri;

caudate nucleus, putamen and globus pallidus;
cerebellar vermis;

cerebellar hemisphere with dentate nucleus;
focal lesions noted macroscopically.

Neuropathological findings in epilepsy
e Agonal hypoxic damage - related to the mode of

death in SUDEP.

Brain swelling - related to the mode of death in
SUDEP.

Head injury - recent injury sufficient to cause death
may be classed as epilepsy-related death rather
than SUDEP.

Old contusions - evidence of previous head injury
(in some patients, may be the cause of epilepsy).
Hippocampal sclerosis — with loss of neurons in
this structure, may be seen in patients with chronic
epilepsy and it is still uncertain whether this is a
cause or effect of epilepsy in some patients.
Cerebellar atrophy — may be related to medication
in some patients.

Previous surgical lesions - patient may have had
surgery for epilepsy, or epilepsy may be a
complication of surgery for an unrelated condition.
Vascular malformation, cortical malformation or
tumour - recognised as causes of epilepsy.

as the sudden, unexpected, witnessed or
unwitnessed, non-traumatic, and
non-drowning death of patients with epilepsy
with or without evidence of a seizure, excluding
documented status epilepticus, and in whom
the post-mortem does not reveal a structural or
toxicological cause for death (Nashef, 1997).
Studies have identified the risks of SUDEP with
chronic uncontrolled epilepsy and have also
suggested that SUDEDP is likely to be a seizure-
related event. The mechanism of death is still
debated (cardiac or respiratory). An important
risk factor is non-compliance with
anti-epileptic medication, but detecting
suboptimal levels (rather than absence) is
difficult because of reliability issues with
post-mortem drug testing (Tomson et al.,
2008). The Royal College of Pathologists (UK)
has approved a protocol in suspected SUDEP
(Box 12.3; Thom, 2005).



Figure 12.13 Tissue retention and sampling in epilepsy.
Two slices of the cerebral hemisphere are retained,
anterior and posterior to the midbrain, together

with samples from vermis and cortex of cerebellum.
Histological sampling from 1, cingulate gyrus; 2, caudate,
putamen and globus pallidus; 3, superior temporal gyrus;
4 and 5 hippocampus and parahippocampal gyri; 6,
middle temporal gyrus; 7, vermis of cerebellum;

8, cerebellar cortex and dentate nucleus.

Neuropathology in
neurodegenerative diseases

The neurodegenerative diseases can be grouped into
three main types: dementia syndromes, movement
disorders and prion diseases. Several general con-
cepts underpin the approach to post-mortem
examinations.

¢ The immediate cause of death may be related to
a complication or specific manifestation of the
disease. Simply stating that a patient has died of
a pneumonia without characterising a clinically
recognised neurodegenerative disease may not
be reliably ascertaining the true cause of death.

o Families increasingly recognise that some
diseases are associated with a genetic cause and
seek to characterise disease as a basis for future
advice.

* Clinical features cannot predict the pathological
cause of disease with certainty, so the

Neuropathology in neurodegenerative diseases

